COVPCSI TI ONS AND METHODS FOR | NHI BI TI NG ENDOGENOUS | MMUNOGLOBULI N
GENES AND PRODUCI NG TRANSGENI C HUMAN | DI OTYPE ANTI BODI ES

CROSS- REFERENCE TO RELATED APPLI CATI ONS 10011 This application clains
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 inmmunogl obulin loci and nethods for nmaking the
sanme. The invention further relates to conpositions and nethods for

t he production of humani zed and fully human anti bodi es using such

t ransgeni ¢ arffiOMEPSITIONSANPMETHEES EGR BHiIGITING BRERRICENSASHIEGRONMME CBE LINHE

| NVENTI ON [ 3] AniGERESIARS PROBUCRIG TRANSCERRIHUMARISIOPFPEXNTEERGRUL | cal
products that have been successfully used in the treatnent of various

human di seag@sssatteReNEE td @ 3red REpLUEHTRhg Nf ect i ous di seases, cancer,
all ergic diseases, and graft-versus-host disease, as well as in the

prevention of Eo'bﬁ”sﬂls%ﬁhca‘i:&l e spﬁg}lty tobé] proqgsnaﬁ)ﬁa(a%“ %H}cgtﬁ)ﬁge%hl%ged wi th

the therapeuti 1on ngon- human

potential immu %%gﬁégf%? Zﬁcﬁe ”géfr'ﬁep'f"f’\s‘%ﬂﬁﬁﬁmﬁg‘i"iamﬁ't%"a' eré 18 to
reduce the i miieroljéwill @PBywhish asinseroqsatediwrelitii theventirgtab refersnost r at egi ‘es
for the production of partially human (humani zed) and fully human
ant i bodi es FHAMARYEETHEENMENGIGEd. The ability to produce transgenic
anti bodi es having a human idiotype in non-human animals is '
particul arly diesdr abt ieveaton zaftds fetrandgemcinhgistesgrons dtaidtednabtiveteani t hi n t he

i di otype regi Oéhdo@Ms RAAnSHSERA uobldh@,ﬁm@&oaﬁ&m& fhouadu rﬁeqm@maﬁ {uhﬁé\v't eto
the i nmunogeni %fattey te com,:iogl {IOI;'ISe Qntd mae[?taéesr orqx F?Quc{ton o?ililumanl%ed ?%Hd‘g&'nl otype

is an especi al N _respec onal
ant i body t her aﬁé?j’t"'f*%‘és’"g\ﬁﬂﬂ‘&?ﬂs%ﬁé”'@%’s grd %t'@i’WémF‘&F%t ype del i vered
at relatively high concentration as opposed to the variety of

i di otypes (?é‘Pf(%g'&‘P Qf THNKFENTEhcent rati ons by a pol ycl onal anti body
m xture. [5] While a nunber of approaches to produci ng humani zed

t ransgeni ¢ antP®bdretibodias areen npartariclagndfivedrachutioa poduets thdgwer iebed, one
maj or probl em et Bedi th ReaiBeiyof S4ii6k: huAiiseABHIeE cbrEitiénaandutiagluct i on
of endogenous l%léﬁggééseseé&&?E!Iewc%sggsgggﬁoa;{/éﬂmegﬁs~ﬂoﬁ dgé)a%!apﬁéll 20 Wi th
transgeni c antjb revergl L0 the host animal arious reconbi nant cl oni ng
schenmes have bé Ui A ﬁ?ntree % to di srupt. endogenous

i mmunogl obul i n SUCtl on in host animals to address th| S problem
However, the f[ B MR R GAL AN srePPYiRRRRERE P8 BLNCPAUfBnes present s
many obst acl edmhypogiepuins isdhetrolentiakinmenpesnictysf the faple iymarepesientd én ordahi | e
honmozygous nuttcamaucm'hsamwmgbmagabfence.(ﬂ:reﬂ&ﬂatioﬂecbanh&\éaat&g%efa:rﬁblﬁrﬁcﬁs&&fuud |y
produced usi n%arlﬂéhm&ﬂ%ﬁlarﬂz%g%g@h@%hk%tiﬁ sq{aveootegr%ev §c{)atlh9

pl uripotent c ous, rec n ca

i nactivate en r%dﬁ%elr}rsa Gangbr ggsn ng LUFFT @"’W&? ’I’°§%Fréa"faf"6’ﬁlf ﬁnst
vertebrate spé’é‘?'@@f‘y des'[a‘?'P 2¥Rpgen enrdingrgieatinaptp e withiathejidietves fegiereavdi t h cel |
surface expr essi-omaikibtypesarewiotight i cothbats o ime@ibgerigen bt eftibody

i munogl obul i fheMERLEA! Hyrgangrﬁd?ﬁe %%9 Q@Q&aﬁ lﬁ‘lb&‘l&!‘lt%@ﬂéfdgrbt%h ﬁl%spécpofl nactivate
endogenous | g e e fact

Thi S |'S exe
t hat honozygo@é’nc%?a? t'gorﬁ’ h au?cﬁ wg%@wé’f*ﬂ 5519' f?gg%?fé"eéegﬁﬁlﬁlf"e’f he p
heavy chain (§Bh %?GF’E%”WPPWF%‘)T“%W%P“ eRLAslvereg)Afltasier qopreptratiene st | |
produce si gni by zaitlogUantitodt migigreof | gA (Macpehrson et al. Nature
| mmunol 2(7):625-631 (2001). In addition, the serum of heterozygous
rru]t gnt i ceI lcg:m!s]aiwme b givhband ag peex e 1S P abewting Wunkatdy tﬂhslg@hc&ﬁhbo&ib@n "
Wi type a t Yy,
Nt ur e 356 160 TER N TBES) PRI B ro kB AT A
rearrangenent in the course of B-cel I1 devel opnent is the joining of

to



nutations are insufficient for the conplete inactivation of
endogenous i nmunogl obulin expression in animals with transgenic

i munogl obulin loci. SUMVARY OF THE | NVENTI ON [ 009] A nmmj or problem
associated with the production of hunmani zed transgeni c anti bodies in
non- human ani mal s has been the preferential production or

co- production of endogenous anti bodies in the-host. The current

i nvention solves this problem by providing transgenic ani mal s that
har bor at |east one artificial Ig locus and | ack the capacity to

pr oduce endoge rprigachasiftbroyédation ¢f andoFneusantivpdyntithes pegfeeentidihiodifny usef ul
for the productch@tinationGfith eHagenic 2@BodRSE 6 the okt niel e ok rédomBIedAt doning

anti bodi es. The mRthds,dsadq kgtt%@%a&&t&u&@n&gmg@g@b&.n fiRh$ are

effective in cle cells or
SUStai nabl e ol 0P BIRANP St BR RPGeT JiovBlE P BRI < Eva. abl e and
i n whi ch honol W@Q'@é@@ﬁmﬁsﬁ@ﬁ“tﬁﬁ‘ams‘wﬁé’ e YIKeRIRtS sPafies: not readily
done. [0010] The present invention stens in part fromthe finding
that a meganucli@®ék eFarexpmble whisedmeaygdusimueit wiva vithydelgtsh dit-acidavd beponouss

i mrunogl obul i n shea&kiuly@rog@BReisal Roridicals GRBmEna0dH PRbrStherSadtarlaor t he

production of hymanizechands Mohogougmammra{m&%%& B ML &S enous
Furt her two dl St nCt"F%‘@P@)’a'E pases tal’bgetl n&s | St nct genom C Si tes

may be used t o Bt B EEmest e ion of an

i nrunogl obul i n Iocus (up Eo sever al % t hereby ensuri ng conpl ete

i nacti vati on -of%fhe ”f‘%ﬂ%’ MG P e Fﬂavriaﬁgexwﬁsam Pt BH Sfenrpciyctive
ani mal s carryi rgranaemegsf imnunesiokyit 4BJ @Y deveresimetfe pre natiisiestitninBivele| | s
capabl e of endegpfacs Id ¥pRRE bapldlelyThRNOSIRTI@BY the AGtirkl hofeggddi ngl y,
in one aspect, mLQr?AmQ%ﬁ{‘% & {bte%%kéh Q%Seﬁcgn Q?‘{ﬁgﬁ%bfchglnksg@!ﬂlgdﬁﬂ%?y ng

at |l east one arti

i nactivated enfRIGRRGHSS |9§f' of lgEfut "’“"Hﬁ‘é’“%?rﬁ'gﬁ‘ﬁ?agt YRS PHoA Wécﬁe'i‘f%ﬁf?'on
are snal | | aboNattreinynuael i2(F$28-631(@00t ). dndddifidnythdrserutsof hetesehegpusmedantmice
weasel s. The akdniahk ghiahd kbO€hcolts Bfbdinbiédkeiht NP =Rk HOHPMutsSd @7 | east

one human . 908, 36aRD il R 854ER oA T00 TR N e AU bhET 21 19

| ocus conpri ses

segnent encodi Mg “’é‘"@f@?rﬂ’?nf A e&?“’sﬁﬁb%?eﬁﬁffva'f’@?f“ﬂﬁ%ﬁm’@g PEH B H"%H‘?"ﬁo aci d
sequence; (i i )segmentom bpib hemalbggls kigorsmsgmasndessratame pre-Bicel) lomte oVT/ADI €
constant regi omtcge@% ceMQér@Aee S&E@u@rw bHG Jaannd rgtnb AGHkSd g lobudRGt | onal

and capabl e of under sglg ragneg pmduc Ve é?qne%snﬁrbq é:rear%1 cell egnoex#gslsggﬁ%ﬂ 1 one

repertoire of T mmu ransgeni c -ani
enbodi nent, t hie %qcraﬁéﬁémbeiC@mpfﬁéﬂreswﬁfptrrﬁr@ésunaﬁ Pirgaembgieurddogenous
| g heavy chai Nexbro&sits is rédnired 4D Bl fioidl@dn, atdhadtImeal abld th endelgavIS @aIH C

22'02?5. Eglsybot ,Esmﬁmﬂlmg EITeTREY Id@ocﬂ?@?@‘f fﬁb@c&d 'ré%ﬁéngbrﬁléﬁ?:& s.yoq;fﬁgct.@éﬁﬁte

i onal endo avy chain
Tocus. T0013] H ROGHES ERELHP LR P G SRR AP ses an
i nact i vat ed e nderrenais'al gervidgiem beth allelgs. Iloeqsiﬁlon l9f darived Edrchctheadieles can
enbodi ment, t he fdundin $geerine ofandhmide bieasselzotdningin ditey etroatsitahtly indicgdidn chai n

| oci i nactivatgg I%ng(:lggca%ﬁji ngly does not carry a functional
endogenous I g light chain [ocus. [0014] In a preferred enbodi ment,

the tr ansgem C[OG% m@thplle?eC‘ajﬁélc %L%q éis%% ervg@qgrgfgwg fdn&to%%geﬁapal n

| ocus and a functli ng g 5’% hal n [ ocus

embodi ment , t HEAMFPY P 23 P HelRE PRoRRpS e R o 'l”é%‘ at B%Té""é‘?affﬁ'fgrem al

| g heavy chai rVqJ@CWsﬂenq sgoroRnts P@ﬁ@b\@lméﬁtce" ehangingdhidEn inenagrivptl | acks
a functional Irgutdtddghdogedoa itti haGHEeaBthe GranspdnicsBBundgiotudast praively,

artificial Ig gﬁ@r@é@-eeﬁ Q?ﬂré@sés%H&ane-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 endogenous immuneglobulin. Accordingly, such
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[ 0016] In one enbodi nent, the transgenic animal conprises at | east
one artificial Ig light chain Iocus. [0017] In one enbodinent, the
transgeni c animal conprises at |east one artificial 1g heavy chain
| ocus and at |east one artificial Ig light chain locus. [0018] In a
preferred enbodi nent, artificial Ig loci are functional and capable
of under goi ng gene rearrangenent and producing a repertoire of

i mmunogl obulins in the transgenic aninmal, which repertoire of

i mrunogl obul i ns i ncl udes i mMmunogl obul i ns havi ng a human i di ot ype.
[0019] In one evdryensaemsuficaagodhe qpplele pepfetian endegghayn mjaneseodn t he
artificial |g |agessicoinplingewintrabsp@etimamegistomidtunan const ant regi on
gene and are functional and capabl e of undergoi ng gene rearrangenent
and produci sgMRAREPETHEINVENTOON Chi meri ¢ i mmunogl obulins in the
transgenic animal, which repertoire of chineric inmmunoglobulins

i ncl udes chi mengog) | AMEBGEHbRAGLBBe AN iR GroBucMABRRLraf R idRGenicdl 0020] I'n
one enbodi Ment ., B0 esf ol Rlfan GRS A fmtbegn%@p9efee{gﬁ4?§§du%e‘m e Aldli ' @

lg loci conpris

functional and SEEPABYE HrIEHIYES Brst 15 GERM nysatgns Y?@é??é%‘ﬂb'e@r‘?éip’ﬁ‘f'%um ng
a repertoire ofraisgerizaoipklethel harmer af inast dne atifcihs eusiand lagkithresckpacivttd ch
repertoire of jpruiieegbeatsiritbunbdldblitid @Sesé sAMMERCE KB luEdAB o8y hrit@ctdn human

i di otype and hy Fﬁa%gﬁ'%dehgﬁ/ th%gltr%ﬂ%en[ch%%esl ﬂne%%o?’ssﬁ&ftg nEE@ such

i nvention provi scendants of transgenic anina

| nvention, I n EREFERPRTERISGHF Mt spa%@dwampgcwﬁw%Esafe"a°éast
one artificial SWSEINP%M'P‘%{%CEH%WE"‘&‘Purﬂe@aﬁdﬂbH‘@“?@ér&m in waich eeelpdovat ed
endogenous | g lo@utnation ahdfRAR}notkoutonend@spdgionet he i nvention provides
transgeni c ani mal s capabl e of  generating viable germcells having at
| east one endoge)ume blgsehnwda.oﬁ féths ih SartifBA G v @t a &@Qﬂéﬂaasle FaPhe

embodi ment, s Uﬁééd ‘orf&%gﬁlv tﬁat J\o%s &ng|o§® ﬁmg} gﬁ%ﬁt& trﬁ? %‘rﬁr{w ?Sas €

expressi on const a construc an I n

expr essi on coni‘si%’rf” ”éegﬁp °8H°"8'b‘gp nGeq e KU t?"%ﬁ%ﬂ?ﬁ@ﬁ'@%é: dieh &‘ﬁdl ng
nucl ei ¢ aci d, Wirtaiegerrdirases trsestiedisinshaentnid sdessesy be egd i cffectively delete a
neganucl ease t aggedrics epu@nm@ogbeBients (Liplo edvepind) iheraly charitorpEl®genous

g I ocus of thﬁa&.\ramﬁéuo&sam ftmlerené/&kﬁd\hétn&s%&ﬁeﬁﬂﬁgéaﬁhﬁgwg% ml.hé

sexual ly maturge coppri ses
nmeganucl ease efo)?ahgg & ShEeBREE '?y\t?cctee' & ag]ﬁgfmﬁ‘g"@%fmi’ go'mf"Hnéf b"?a’? %J?@

target ed endogﬁy@]u% ?j |ocus in such vg Jg in vitro or_in Vvivo,
wi t hout compro Rt %BFTPG?‘Q*’W ?“8%‘?“"” hEATPIenG 2 ETeIS R g 2t
carrying a ger'ﬂqsf??éaﬁiﬂaé‘s foBis apdhhaying @t@a#emrmﬁwn%@faﬁéﬁwdwdmﬁher ef rom
[ 0024] I n one lemiaoThe aEnsls uskdie thelraesigrem GnabiBbdradry dninfdshesticaayprdsses at
| east one art 'rEﬂeﬁis@J\d vlt&se'lsoﬁ'hbsamﬂhg%%edllrnthé)ﬂ\%ni%ﬁ Qtﬁ&q’lseattlagst a4 on

provi des transgeni c ani el n at

| east one endz\g%eﬂ%ﬁ%mfm I"oé’ Defsé"%gs)e"?bﬁ%c%f LN é'ﬁ'a' ]%ﬁc”?)ﬁ"é"pnsr?ﬁ@%‘f” t he
transgeni c anifdh9 &t [Fpgt H@rh”'éﬁ%?q”%%mﬂﬁ encgrdingta Seidnepr byPeT iRl hymign| ocus.
[ 0026] | n one \&sgocaminotahié sdqnanen (il or oproy i ghes saypedto sl (fijane gmaduci ng
transgeni ¢ ani@mhdnt efiontddfes| WM tieQRiiicid) @Q;ZJS]:S hiikiPRRne Rl ame nt, the

i nvention pr OvuingegiomggéneQgﬁang?rﬂenpgrﬁg%gdcﬁg eg@‘r@?e%:‘?wmun r?%bxﬁﬁf}s M the

conprising at ne artrficla east one
germine i nactfra(}s&f"&ﬁnl‘-ﬂﬁlﬂogenous lg locus. In a pref erred enbodi ment ,
the transgenic animal is nullizygous for endogenous Ig light chain
and/ or endoger®idl IngnhErpeymet dieranpgrEginalpprairiessap ingctivaied esdrgengenious | g
| ocus i s i nacthematiedh lachs. an paeferd egrdmeotethd rangenit fremagesmoteel | of a
predecessor, Qmo@mns% ﬁéa%h% lo8 IBRYARLLE SRS EndBES e DandiBhods
conprise prod ucing a npga leljgm 2ase in the germcell, wherein the
meganucl ease recogni 7858 neganucl ease target sequence present in or
proxi mal to an endogenous Ig | ocus and selectively inactivates the
targeted Ig locus in the germcell tgereby produci ng a vi able germ



with, conprises at |east one artificial Ig light chain |ocus and at

| east one artificial Ig heavy chain | ocus. [0029] In one enbodi nent,
t he nmet hods involve introduci ng a nmeganucl ease expressi on construct
or neganucl ease-encodi ng nucleic acid into the germcell. [OHQ In a
preferred enbodi nent, the germcell conprises a genom c neganucl ease
expression construct, which conprises an expression control region
operably linked to a neganucl ease-encoding nucleic acid. In a
preferred enbodi nent, the germcell conprises an inducible genomc
meganucl ease eXff1dls Biconereoisent. Jesttrapsgenia e rempsersaningeisatedentesdnnss ldg
expression of tikge cirgand ah easferarebdina, helednajesic athal hdsboth Badog@oum
cell. I'n one enbpe cﬂﬁr%m :nEJﬁ@atJE%E@&G&dlﬁd}\eQés\Aet céﬁ%erﬁrﬁchd?ugl chitBerdt8p Of

i nduci ng expre§gﬁmEmtm he meganucl ease-encoding nucleic acid in the
germcell. In ofie @mpodi nent, induction is done in vivo. In another
enbodi nent, |nduct|on i n vitro. In one enbodi nent, the germ
cell conprises [D1Heh R r’ﬁ%ﬁ%’ﬂ‘ﬂ’@?r@ﬂ%eéra'ésﬁ‘iﬂwég’g’ﬁldar?k%%fﬁ@f"?"ﬁlc?f'd°gﬁm?s %
conpri ses an eXxpveswindasuscayn e funttionatlgiighhcheinlecusexhi bits germ
cell-specific activity. [0031] Resultant germcells may be used to
generate an F1 [®%]nelendrenppdigenatheltremsenicaniaalgemmibdsrabledshene eitific i tleavy

endogenous | g kelsus. ThenelehbaitheiBihe tEnigedio Bithdl BiEks QMGIctdhal RGING!R chain
artificial 1g HoQ&'anéann{Wéaé Qer‘ea&roﬁééﬁfé.?l':&e fy%fr‘aﬁn :}éas generate such

ani mal s conprising at st one artificia ocus [0032] In an'
alternative e , s.introduc

reganucl ease. olat Plieraind hapersih %”mwwpaseés el Rl

acid into a feF?WﬂTﬁ%d oocyte or enbryo and generating a V|able germ
cell having at |east one inactivated Ig locus in the resultant

f ounder ani mal 00k dn erspdedmeah iDAtiPnseeals arial cawpgises ot lepatnep atitisiadaharyy

ani mal havi ng slainlleesdnd eriesiges atificiabg kohixbdin vat.ed endogenous I g | ocus.
The FI aninmal may conprise one or nore artificial Ig loci or nay be
crossed i n or dppig) an geaekatembsiedt, atficiang Bci 60 Mpetiosd Ag catablk efASt one
artificial 19 |[\pEdSng deRO33andetheRBRa &m&@ﬂ&JAHOIreBhﬁm%B%Hﬁllnq R €

target sequenc

'n one embodi ?ﬁge“agﬁ%mﬁeéahﬁs?f{@ae‘) SR Gt B PSR RE Bhirarn o
proxi mal to anMMeRiFiTeER obul i n constant regi on gene segnent. In a
preferred enbodi nent, the constant regi on gene encodes i mmunogl obulin
p. [0035] In oiﬂ@%rﬁb@ﬁiemmemtmmmrh@dgaﬂ fegiorl apeesstthewiifichldo igér m cel | s
for viability emgrsentiedst anahsnciimef cofstaneigl@gRMOUIS ake @inbidfdlSnd chyable B

enbodi nent, 't hﬁ]d&?&@%@& rbdi% eM@nt Ak p'?o%[?&u{ag r&;@ﬁcﬂ% 6hibSric lr%un%]&:ur% fsence
of an artifici rossing of

animals is pre e?ran ° Bt 'Fe\‘}ve fl reﬁ?% crh e\/"f ‘ﬁ"@“”?"ﬁﬁé‘ﬁﬁ)@ﬁ”&ﬁﬁ c‘é'H’(ﬁ &genous
| oci, to generi@mencgiabuas evinapumar idodRgl | | zygous for endogenous | g
Iight chai n.and/ or endogenous | g heavy chain. [0037] In a preferred
enbodi nent, t hB02Re e smifodimedieane erorapT doswant iaglon psees gt theparidicial danieki
meganucl ease. chhgriss eeRbneRGgaR vehkier S@iol MmO Bl aZeFGncionai@tddapable of

meganucl ease tﬁﬁ&ﬁng%%”@éﬂﬁ:%eﬂérﬁ%%odhﬁ 9;epmomfrmhunsg%bmmsfn%d09enous
g l'ocus and se

[e ndo t he
|3 hocus and sgh el el LoRveS e endoilE L Lot et
first neganuc”@@é@mmWMﬁﬂéﬁvﬁﬂﬁ@@ﬁﬁﬁﬁpvng at |east one endogenous I|g
| ocus. [0038] In a preferred enbodi nent, the germcell conprises a
second genom do¥tlyarrne kspent dhednvptiesmivigias @@crwsctantaefttr,ananm_imin@bnﬁhé ses an
expr essi on Ccondvefibn.lREbeRréaabadithedt, bdsbde8hhtslcOmpisSR 6o dne artificial Ig locus
meganucl ease- GAGALL kBl Bl findRbdvidilhdelbefipbled embodiment, the

expressi on contr region I's an In duci bl & expressi on control region,
and the nethod further conprises inducing expression of the second
meganucl ease-encodi ng nucleic acid in the germcell, whereby the
encoded second neganucl ease i s produqfd and, together with the first

34]



[0040] In an alternative enbodi nent, the nmethods invol ve introducing
a second neganucl ease expression construct or second

meganucl ease-encodi ng nucleic acid into a fertilized oocyte or enbryo
and generating a viable germcell having at |east one inactivated Ig
| ocus in the resultant founder aninmal. The founder animal can be used
to generate an El aninmal having at | east one germine inactivated
endogenous: I g locus. The El aninmal may conprise one or nore
artificial 1g |oci may be croSsed in order to generate such

ani mal s conpri $%§ Qt°”‘? @B%“f thg fpeengen Arqvides tansspnic EI”BI‘I‘%§?“F'®6WEF@“PP a

pref erred enbodiabie gt cellsbaving aldtastanelensieasorvd Iaiwgsthal Sliradeed. t ar get J
gene segnents. I n one enbodinent, the first and second neganucl ease

t ar get sequencd®2dr lp ond adbediménd geh tresgenigpsihale eompdsrc geowRstepaacikeE one

or nore J gene emsfamoasmtpmféaabtyfa%o@n@&eﬂ@mndhgmé Qzﬁ:‘é&mn%@ol@égﬁ%ﬁVage
o o DA sadrertfiRRd wead et IEIRNE! BARER BEOHIESRE oL on of 2

genom c DNA s nt conp segnent s

[ 0042] In anot H@Pa”é‘i‘ﬁi‘ﬁelﬂa??ﬁﬂiesaF‘ﬁ%ﬁ“?‘ifﬁaéﬁtaraﬂae%%%ﬁ’{ﬁﬁeﬁéyﬁﬁfﬁém%&@s

t ar get const anendogyrisna igavm ef thedignaspnicaniniah Ve the idmegtninerinal istskeallyi r st

and second neganuelfasmplias gale BRIHIRNEReAERmichRlf0cd20885 R on
upstream and d@éfé@tﬁfc{ meéedg%aﬂﬁemg&a?gete QbR (fu@:ng&ggé{ﬁqglls i£gi on

gene segnents, |rst econ

meganucl cases a?%%rw 16 HBREE TGRS e e bRR DO FENEE ComIeesi nd
the one or nor &MHRINGEINGIANS peue BRsteRtved Beflom. gene segnents. In a
preferred enbodi nent, the constant regi on gene encodes i mmunogl obulin
p. [0043] In n@ﬂm)dfsorh@méddment thetrasgent pgna furthep cimptise et l@etvps 2rifiialdg

| east one humarcy, gene segnent. In a preferred enbodi nent, an
artificial 1g locus conprises (i) a V-region having at |east one

hunan V gene spespnt or@@%slltﬁhgn@ntgﬁﬁremeen&swmcemﬂﬁgmgmnsda
V-region am noceﬂg¢h%reﬁea9@aespsne o ggnzusqgﬁcue s i Wa,-sfeaﬂ; S EnSaRIR S and

(iii) one or npre consta artiticial l g

| ocus is functﬁ'@?ﬁ&l"‘iwl@ﬁ}ﬁé ris5t tLﬁ?ﬁfé’P"gﬁ'ﬁﬁ’ﬂ'%f%cH% rearrangerrent and
producing a repertoire of immunoglobulins in the transgenic aninmal.
[0044] In one fgﬁgﬁb(’ﬂ PR AtPctdhe varien preyfres mptqde foppreduciiajraRwanis ANtk oh

| ocus is incorponmahid i nto the genone of a transgenic aninmal of the
invention. In one enbodi ment, the transgenic aninmal |acks a
functional |g peghtn abantvdiveditss inveftdd Aiblidel Metbdve foe promehgi@nigeniat | east

one artificialanlngs! cbrﬂhﬁgm abdl ol Sal | ﬁgﬁoc’u@éﬁgﬁ% 2186 hdini-be genone
of a transgeni.c i ment, at

| east one art |‘?3°R'a{e e'\dﬁgeﬂous\%‘m&% ﬁer%"eL? gc’dfﬂ" §! ?Eaaqg%e"%%'g ai?’“’tl ficial
g |ight chai myligygeLs foa?@oqea%f%@fﬁa*ﬁaébﬁnWPrteadoaweusd@Pﬁawhm a transgenic
animal of the invention. [0047] In a preferred enbodi nent,

artificial |g P8l Pefeebly.dnerdegnneds Ialpeds sapeilstted ind pammtiesryedllmgthe agm
rearrangement cand apreogesbmigy eforéssipred! b @iefRuddasd thaiai) agé Akhdds BSnprise t he

transgenic an'p'?@homg%r\e@%u&@a@@lmhg'gérﬁl o8, wheidk éjgmusaﬁecsda%&des
I mmn()gl obulins hnaticl asgtar gisequence rese ?m%éip o q Fo no Ig ocys. an ment,
one or nore constant fegr o §RESTHN PHELXGPLY 1 LHWgEoHY I'8‘<‘55 onpri se

at | east one rFé‘ﬁQ“Fﬁ)frfﬁﬁt"'é*Sh"é% fﬂﬁ?‘eﬁ‘ le dpeesrn Grgrem eal therbiorrgdupittd vishlal  and
capabl e of undemgel nyinga estbedinachage sRindenan @ (Lo dSICh A gena celldpaigladi I e

of chineric i ngunAGhahlel e@ogéaodsmaoaug @@%‘?ﬂ!r&ﬂu@@h B%hal héMHg &feast.one
repertoire of Sﬁﬂhﬁer[a'ct%afleé% %%ugp%cl sn§n r')ng% l%:g tCtFe e ceﬁ 8 tduhﬁ%nt

i mmunogl obul i 7S

one or nore cdfﬁfs@@i’i?edr‘”ébF?}?P”@%ﬁ@?SWBFfﬁf@'EHS peary ?’&Pcuﬁgml%%l conpri se
at | east one hobwmimepioihgyamtelr @ fiabyhich @ iseorabirdd aithecdrpries atdeastionand
capabl e of unda@PigNgh SN Rclse B haRaREREL:, R HmRdMEA BEicAt ik &RBIELI T e
of i mmunogl obulins in the transgenic ani mal, which repertoire of

i mmunogl obul i ns i ncl udes i mmunogl obulg ns haV| ng a human i di otype and



[ 0052] In one enbodi nent, the second transgenic ani mal conprises at

| east one artificial Ig light chain | ocus. [0053] In one enbodi nent,
the first and second transgenic aninmals lack a functional 1g Iight
chain |l ocus, and the second transgenic animal conprises an artificial
| g heavy chain |ocus. The animals may be crossed to produce an F1
that | acks a functional 19 light chain | ocus and conprises an
artificial Ig heavy chain locus. [0054] In one enbodi nent, the second
transgeni c ani mal conprises at least two artificial Ig loci,

i ncludi ng at | edhtcoromieesat asf ane peilicial Ig lightcmay locisaindit leest one adifickl Sthedwgast
one artificial chghibdught chain |l ocus. In one enbodi nent, the
artificial Ig loci of the second transgenic aninmal are functional and

capabl e of UNdg4eag)i AGnOEHEdihER iH-ARGEIBRLVARRIRING 8 HEdaRtticBsd KREILRI I €
of i mmunogf obul i n c}r} the I@aset_gng%ggn&e%a%n;ng%e, i ch repertoire of

i mrunogl obul i nS*TTACT UJEE r1|”Crrrrunogcf OB S havi ngq 2 Ruman i di otype. In
one enbodi ment, one or pore copstant regi on genes of the artificial
'g 1oci of the @alloRa PEFHFAERTES S e SaM te PSR SEoT WAGE GRes®

non- human consexssipreghayictgdiskcoaniseareexprgision Fwke regianerew@blp diseo af
under goi ng genereadidasngessen huckitGeipr (06 pefened etnbsdiiat, the berd calfcosfriseer i -

i m_"funo_9| O_bU| I ngp f-nghcﬁugﬁerﬁl'njctrrre Sgan &p%&oﬂ@énst_ru%@{ﬂe h&@cﬁi&}n@dl\fee OT
chi ner! C. ! mmn%glcrogm Ie@%o Io?%e H‘age.'szsucf:egsleqeengoldlcr:\ ndcelc agé)lglhgbl“lnlnlcgr.s.!nh&\e” ng a :
human i di ot ype ™ {H° SHEEMOUT Rt 6t or ore const ant region genes
of the artifi cPEPIMENY BRMellrrs Prolye SEeyRing HerE GRRTTERTIAP npri se at
| east one hunamegomstasadncadiag hkicgahie tegermaeke I enaebadinaht, iadudtiog Bpabl e
of undelrggi In_g g&@&w@.arn@m%me&imam%d@c&:gduednagv@o.[;ewemmr@ngfhef
i mmunogl obul i n t ;

§erfn @elltcgtﬁ%rsgés. a Jeﬁ’dﬂ%&#e]@%@m?%il% %Lesst%ﬁ%r% ucfl| Gh& c.tof?llérlfsgs &

i mrunogl obul i n§ i ncl udes |1 "nmunogl” ? aV|ng,a uman 1 di ot ype and
human const ant SfPEGHBFONTo BRSSP MRisiogM PP 8 Yenbodi ment , t he

met hods conprise crossing a second transgeni c ani mal having at | east
one artificial PP |Rseiant@Frpseiy mey kEtSerEn PEeAigioRh] 20612 aMes 3IRFEATY on

t hat i s capabl gerofne gpesieataitendrgerausiy Bblse Tigd! mmiva Imaheriprirg oad orire@st  one
endogenous | g hdAg bk mdySe trBR6d ih ¥akrechendrite AucPERhAY oRplisPFRQAbFRNT |

t he second tramgn#ﬁcﬁni mal conprises at least two artificial Ig
loci, including at Teast one artificial Ig heavy chain | ocus and at

I ifieial _1g ligh in.l . 5 I i ,
cast oD 2011 AE) Lol bl RBPLP B L0035 PR ALIRE

t he met hods co sein ST one ar| I

into a germ cePPrerufpicrgingt o MEsSYClarrePnenile gelstsagd g 2 fFrs ceMEL has
been, or is cagpetloenddentretinggvialirogetn celib@vig biyeastivee iativated tayoces inthae or
mor € _rregam(Jd)ea@amam e Rnfhal TR fdlhdek &G cAABB UK tol deheRte?dn FH Gnil@GEng
conprises (i - T . . nt
encodi ng a ger%f%ﬁgﬁ%?gﬁ?&g%%@g?@ageﬁﬁﬁg%g{%r@é?ﬁé}mﬁn’g 09’3@%%
sequence; (1) YABEGHUTIGH) GO GRHRS SOSTHEAIET o 4GRS SBREs By PHgIet
const ant regi Oeestererificiapférei n the artificial Ig locus is functional
and capabl e of undergoi ng gene rearrangenent and producing a
repertoire of @8] fn ok ahbodimemirtioghagbukizass target @quer@irgoeent o caprpxired! to
derived from theggesdgme! | . The methods further conprise deriving an
FI transgenic animal conprising at |east one artificial Ig | ocus and

having at | eas[bosgg@, B ERokiREnt | ARdgb AL LY t-RRARHRAR WS dsbht InRFMStM8t  has
been i nacti vat ed Ly romthe

the.action of one or re nucl ea f

qorm cerl - so- pPAuTeHEbGgsAn e SR Seish e o LYo Rt one
artificial |g JoetansregioicdetRrEeedst mpuwglebuie artificial | g heavy chain

| ocus. [0058] In one enbodinent, the germcell lacks a functional Ig
| i ght chai n | des§! &rede erhtedipterti e resthafs inygive ereegring astnr stiuere@biitnand t he
germcell is amecivgtioh eBanEn@hbid id B S ohMBOdimdnt the Fethediroshasemaéningt he
at |east one gffi Jeilsﬁ%ﬁ%ocz}&ﬁcé’gf‘ﬁaljﬂﬂﬁl WHER, at least one artificial Ig

0 n

| i ght chai n | ocus. a prefersred enbodi nent, at |east two



[0063] In one enbodinent, the at |east one artificial Ig |ocus

i ncludes at |east one artificial 1g heavy chain | ocus. [0064] In one
enbodi nent, the at |east one artificial Ig |ocus includes at | east
one artificial Ig light chain locus. [0065] In one enbodi nent, the
fertilized Doyle or enbryo |acks a functional Ig light chain |ocus,
and the artificial 1g locus introduced into the fertilized oocyte or
enbryo is an I g heavy chain locus. [00661 In a preferred enbodi nent,
at least two artificial loci are introduced into the fertilized
oocyte or enbr @36l inclethdisthgreiatihd cemsiig chardnaderis préfereddietwegn dniasynadisai n
locus and at | easiaielWddktdud ib6,itddendrile kAl iha&t BRinMizk G316k enddgerRENg

enbodi nment th(ﬁ bl fah&dr @ha egm]s 93‘ \S’ ifunctional and capable of
under goi ng gene rearrangene u0|ng a repert0|re of

i mmunogl obul i n the founder .transge scendant
ther et “wni cn eefleh ABleB e RS FERE Ak Mhareclia B SRISERFCTY
havi ng a human WEQH”B%'%?'E)% The $pcesd ane erfé‘i‘i‘?"‘zeéﬁéecﬁd ”??B?"éc'??é?\*é‘tgﬁnt

regi on genes obeguiree predentfin €ipakimél ¢p theombogemupivil®es satl sdlagtysly clemes the

non- human constridkenbiR04 19ELs BEMNRr RidheafEmbddnlehal ot 20E deRRAEH a0

under goi g GeNG . SALL ANGENE Wor Aol gg.ngon@eﬁq%ge%Js% bGsOf chi meri c

i munogl obulins int rans nic ani ma scendant

t hereof, which rt0| bulln i ncl ude

chinmeric i m*runB ?Bg Uf PiRS rrﬁ?aybodhme"t %u?ré QQ[UO s Sase?c’ﬁ e'r’noem'cerrbodl ment ,
one or nore coquaaﬁ*ﬁea?eé%jﬁ”ﬁﬁw’g@ﬁ%’g“d?h'* ﬁ‘é“PéﬁeF F‘I‘ F’@i‘?ﬁ“’“ CPI 6o conpr i se
at | east one honwenhly dtesantcordtigoncigenencadig nariec fednbtaipefeakd and
capabl e of undefGaiRg, HEREdRRAENRISEHRH bn AN ERFHIGINTENR) ERPENE 0 I e

of I mmunogl Ob“lhé %ﬁth&&u&heﬁco&ﬁlé&qr%[m@ ?pﬂ%sg?ﬂaf%e%géof;@heé;g&:éleé%e g&%ﬁ@gda”t

t hereof, whic inclu |

havi ng a hurran”‘icﬁgﬁf‘ e eier cRREFPE DR &teate T8yl ’WHT"'””E'%?@%‘?E“’F“E

aspect, the i niggather @ih tsrficol inebaniclese vodgivdiopactmeigelhe tarogted o dmssdethe c

ani mal s capabl gentelg@nes atotigens theindbbe igeidnesalilg thehep eiiruaiy | east one
endogenous | g L8GHsniofind ek h}é{’éh%@gse'eﬂco@m&n&fe%é@ﬂth@@@ﬂ%ﬂ% the

net hods conpri s en

meganucl ease eﬁfgﬁ"@%’%q d’%u%‘fﬁ%%?ornﬁéwm &e efnﬁ Jfrﬁeg @xLBPC’@éSqP%eH'gY:tB érf ruct
conprises an e¥preeR¥inEAt @%?W?“SBEFP@@P’G%“WF%PWSSW FROEEICceMRgises an '
meganucl| easeenapdssivg conirgragios thaickithits jemm aelippefiendiggl enbodi ment, the
construct is an induci ble genom ¢ nmeganucl ease expression construct

t hat can be i ndesspth dnit@iiveemBodinttat, e gathute ineararebaein) agcsdcl ei.c acid
in a germ cel |, JQ0fRlsekip06 caﬁspﬁ%,seéok@méggm@;sbgﬁbomﬁgonmré#@&,dmﬁct hods
for produci ng @ Lranggenic ani mal having a viable germcell wherein
at |east one e d%&%ﬁezus g | ocusts inactivated. The met hods conpri se
i nactivating the endogenous | ocus in the germ cell, or in a parent
germcel | or f&¥] I“'iafglﬁer%‘{‘?fﬁg"dme” %W?}W%@?"?‘ﬂ?éﬂ“f”ﬁ@?%ﬁ%%?ﬂ by
expressi on of megamgeadseciresage cpistsyckirgecofUOB Y| uclkase-erredingdpesiq acidtintiea

i nvention provkfiRed e dbhieycGad §8nerétink a Whied @il cdll having aSéasiQ€inguiegenous

lg locus is Caeems%tpa‘reéaﬁanmunbé}aﬁa&éﬂﬁ%%qnde dhinfi gﬁememgen%m%q\:mnt
the germ cell HE?I Ses %15 nh cl.ease @)f 3@ on €0 struct,
wherein the exaﬂ‘rmé’ YB‘ha eEscS P T ’te”@b‘ ““8 TagENs ‘% § O EBHE o

regi on oper ablogmprispedr neye a*tfwgahﬂeﬂl*@aé;’eern%ﬁh Prgertaaepessiesuglesnialsl n a

preferred enbadhpriing at dafrencatiighliguets.i S an i nduci bl e genomni c
meganucl ease expression construct that can be induced to express the

meganucl easeenendli MG prGkifbodfir thieMrsbend 8&cBtdtRghnuciEQ8A0 et I Renne
enbodi ment, t Qg%'%ﬁtq nﬁ)ﬁé émb&ﬂ Egﬁﬁét a‘?i['l st.c e(fmﬁea !%rlggtlsg gllceé ege heavy

chai n | ocus. one e rm ce rises at

| east one artl“PkF'&'i" thef, ap#f?ag}ﬁ”dewaffﬁam&u%m"%m ® PR BBAi nent |
t he germ cel | sodmpoislecustant depyege dnibe pttand $egind endodpdimsganyclegbigi n | ocus
and at |east one artificial Ig |ight 7chai n locGs. [0073] In one



[0075] In one enbodi nent, the germcell conprises at |east one
artificial Ig light chain locus. [0076] In one enbodi nent, the germ
cell conprises at least one artificial 1g heavy chain | ocus and at

| east one artificial Ig light chain | ocus. [0077] In one aspect, the
i nvention provides nethods for producing a viable germcell having at
| east one inactivated endogenous Ig | ocus. The nethods invol ve
expressing at | east one neganuclease in a germcell, fertilized
oocyte or enmbryo, to generate a viable germcell haV|ng at | east one
i nact i vat ed end¥iyuisseetipnof B gengsic DA 8OrB AFTRUFIRHA%RNS 67 ekt 283 e d
recogni zes a negamote! ease target sequence present in or proximal to
sai d endogenous Ig | ocus. [0078] In one enbodi nent, wherein the
nmeganucl ease i gomzphessiedenindineyaifeMisCakkecotdiBeggtitioaseetbbet cohstafiieglon t he

nmeganucl ease ‘i $eRPERIBER oid §111bg§méht Vel £ g&w nwegérludsa@wa@gt sBduelgast

one inactivated e er nat rm
cell having at ° tngetn 8Qt98r uﬁ%{% T\E}'}idtdz SQI?‘? é%q?c?ﬁ'gmf éwuﬁ@§é&%VStg§
obt ai ned from é‘ﬁ”"&ﬁ?“ﬁﬁ?gn”&@P|%‘Eﬂeaf'ﬁ96ﬁ¥"f‘?}féﬂg'@rﬁ%’%émmleﬁmmﬁ"wa?lehe
nmeganucl ease wasdexpreiseda genprid P8Bseymerd crenpesirigaithi oneertimoredtreunegisbuinh e
nmeganucl ease i SofR%RT& s §sheishrant. AR b blefe?RGmBOEHE the Eon@ER FeyBn gdnble

vi abl e germ cel,], Y ast one inactivated endogenous |g |ocus
may be obt ai ned Cf%gmﬂﬁoéggﬁrllné derived fromthe fertilized oocyte or

enbryo in mhlc essed

embodi ment , Owt?qf east dnﬁ%r%'n:} rt'%ﬂi](?) 4%fi CTRSE aéleasg"']erwﬂi"lv\ofgﬁ?eed in
vitro. In one éﬁ‘%‘ﬁ@h W@ﬁfefe”?‘h%“ba?’m?"é&%?mf@ﬁ 9 lepva segepriers &) 4 \Grepigthaeing s

i nacti vat ed i naNeastone fOBB Y perenegpreat eewvliogs guptiihe orthiyerngeatatihcednl V-regidrt her
conprises at | gaifd acRREudkcki (f)iokd Rmolked gér@%bb%entk @n@ﬂ?or@mé %ﬁ&m t he at

| east one art ' e'glgﬁ ?elnes \ghelre%ﬁgesarﬁflgg! rtlgl['l%g% Iﬁ ?Lctr{:r? e'zsn% g paﬁe %rugt:IE{ngq %ene

heavy chain | oc one "ar

| ocus . i ncl udesreafa“?e@’iglta”%?fgd”&?q??‘F’?%‘P'ﬁl"f 'P’&‘”‘P"P'@W'“dea? FEnpasRig@nimal. [ 0082]
In one enbodinent, at least two artificial Ig loci are introduced

into the germ P¥4 Inongererdimeg: 2teast eneptifiva lo hasw Fifaindgen s hepaamigd Pioc hai n

| ocus and at I@asemormmaaartsgémc@mméloﬂgelhweqht- lo i@ embbdbasns the f@B&BK The

i nvention al soarfaDMdikelesingetayig liddhakin RRlsi bodi es, nonocl onal anti bodi es,
hybri domas, and nmet hods of making and using the same, which stemfrom
the pr OdUC“ ONfofis] ¥nk gﬁ@dﬁént'ﬁ]e&ﬁ‘%e@ﬁ:ﬁc?ﬂ@@tl Y crfdin Rl ASiRArobh R RQ eI C

ani mal.s carrylélgon%nagaggn %ER tlthe mven Ior]l | oci and havi ng one or nore
endogenous 1 g 1oci | hactiva neganuclease activity. .

[ 00841 In one nment e t| bod| ar e chai n- onl

ant i bodi es, V\,h[l‘g% g['r"é’e 5?‘%8‘@8@&%%??1‘5%‘&%’%5%# a'a Lfﬁi’f"%‘“\ﬁlﬁl?’t8%e |l ack a
functional | g aifigilio ligiahain lpcyea ingorrgrated imisrithesaenae oba ¥antdent arimahefhey
chain | ocus, aokitened by net hods described herein. [0085] In one
aspect, the invention provides nmethods for producing anti bodi es using
transgeni ¢ ani[ombs inRipedre@ehiaaingit RitificNg Idakkd Yol fonglQRPEbabR of NTTUNI Zi Ng a
_t rans_genl c anlLﬁ@JrQO@IB gén@?eal’r%h\ﬁ&ﬁgn': é?l@ ro%hggregﬂo@tif m'!?r%ﬁog%EullLsenﬁﬁﬂg one

i nacti vated eg sg L\g car I fi.cial
g | ocus as deBEFFET™R @?“ﬁepe(}'ﬁ'rf’ ﬁf"a'ﬂ"W‘?HH'H‘B(j‘é'Hdes MugegepWnsheriage
enbodi ment, t Hemividdgwgeni ¢ ani mal is nullizygous for endogenous Ig
heavy chai n and/ or endogenous Ig |ight chain and, accordingly,

i ncapabl e of [#Ed&UDorRENENEDES REUE Moreesied raglon bénasef theartitinkrelg @abodi ment ,
the transgeni Gorgiisdd leadt a6kBn-Burfad BEHbiaR Adlon bdhe btaGd fureiAkiRnd QB4R AN

conprises an %Féel' fo%&be@i!a reglgangslﬁ?e\‘yalng {)}Qdur@ind é)rgﬁjeﬁb:re[cpg%ellc rmmunoglebu?nssﬁ'le(:te d.

t he i nvention provi

Pol ycl onal ant“f‘)*éré?sﬁe”&‘ffa”ﬁﬁ'e rf"‘t‘i'\?%’ﬁ‘?‘i“?)?f GB?‘@F@?%P%%‘@W?W@%CW‘? bodi es
havi ng a hunaimnupgrbylipebavinga bunesn &foere ed enbodi nent, a pol ycl onal
antiserum conpri ses anti bodi es that consi st essenti al | y of anti bodies
havi ng a human idi otype. 10087] In gne aspect, the invention



[0088] In one enbodi ment, the nmethods conprise (i) inmunizing a
transgenic animal of the invention, which aninmal has at |east one

i nacti vated endogenous I g locus and carries at |east one artificial

I g | ocus as described herein, with an inmunogen; (ii) isolating a
nonocl onal anti body producing cell fromthe transgenic animal wherein
t he nonocl onal anti body producing cell produces a nonocl onal anti body
that specifically binds to the i nmunogen; and (iii) using the

nonocl onal anti body producing cell to produce the nonocl onal anti body
t hat speci fi calipogorbinnaseritodifhég ohemrmaegentantoggion genag)oftifeartifidan gddconal

anti body pr Odu%brﬂﬂ:s@ﬁllslasttoﬁ’e r@ﬁw%jéb‘ﬁﬁan@regl eh@k?.araremkdonél Batcapbeduces the

monocl onal - ant | bé?a&i/élng'g%ag%g{ng?menganggm%mﬁan% e(%t?lre of Irn%uﬁc%i%ﬁﬂdsqn Ith

nonocl onal anti one e nprise
(i) imuni zi ng EMseFEREHERTRCAREHIP °fc9T'm*E“H@°bP‘W§@Ht‘q'36H‘m”\'z\irﬁc’é‘r‘{‘"%{ﬁ?"ﬂgaﬂ has
at | east one i thaeredniidiciire dncSnicieg@naansredien. | ocus and carries at . | east
one artificial 1g |locus as described herein, wth an i munogen; (1)

i sol ati ng a nommes]ON ahe ridvbdiba yhe prebodsof making e krknsganio pmitnhlef the isvestgeni

ani mal wherein c&#beserm%g m& eépémmwm@;t@qg @ﬁerbgmqﬁé haciva@duces a
monocl onal anti bcﬁ g%ousn a sec%ngh e |c algj ﬁal %agnné aﬁea‘sm nr?f%%ﬂ% Péds X )

i sol ating fr om TR RONOC ona onal
ant i body nucl eMeioHeE CRTER f‘)ean\éréﬁl@"sha’t”ﬁ%at ﬁﬁﬁﬁ%’l“&’ﬁ% V &Rt FEBEY STePie
speci fically begesiiteor hmemutmamrwfgemegamdmﬁq acld sesienvg; (D loee armore dbeneal
anti body nucl eignfik;dnd @n e QG Scchiignt RBEORh 8 bro@é hyodyndgbrad animal,

specifically binds tthQ |='F fdem-nﬁag%ﬂfp#egﬁg Q]Ieaét%n@arlglﬁlglflgelwuggf the sgc(:sg
uced

enmbodi nent, the non

oo e pent. § hEsTHIE AR, PoR PR S S AGE P A Bt B A Bgne igp
[0092] | n one Asgierd andickrable phuaderdobngge reiratesnepisot erpdigingriepastiite oAci ds
encodi ng such me&lcdmnas in&RtFl badisas anihd0thd krotsihg @lag ba®pesianiniie

i nvention provideg, %@a,.sfe%mb%ggmaagnctuuma M vibéBbuRRASC! onal
anti bodi es. The nethods conprise i mmuni zi ng a transgeni ¢ ani nal

of the inventi '851 W@&%{}m@&ym thpé’e%orﬁjttralll ?éaﬁ:tantﬂgt%oﬁ?@&ta't I\é?sti&g amfclal
endogenous | g s and carries at |least one artificial | ocus as
descri bed herel‘i’r]i‘"'a“’\‘/\»c'ia‘l‘n1 Gh™i mmunogen; (ii) isolating a m)nocl onal

anti body producing cell fromthe transgenic ani nmal wherein the

nonocl onal ant Foﬁﬁ?g)}" Presabit’ te ot S R R chatet RReT sy

t hat speci fi caldlight Bizsindsust o t he i nmunogen; (iii) isolating fromthe
monocl onal anti body producing cell a nonoclonal antibody nucleic acid
whi ch encodes (ob%] moomeehbnidentatht firkiacksetdnd transgeeic efimaalhdky fpctioa gt 0 t he
i mmunogen; (i VignieRglh bitlsNld {hggecmrﬂ@%mhlmalr&m;hi@&)én@Hﬁdmﬂgﬁea@@dzh@mt 0

produce a r eCO]récbl nﬂw@ nlmal%j ﬁ»aﬁe crossr%go rﬁ)%&ﬁc:%%h thhg lacl%lalfé{ c&H!éWd(]ngrﬁF&%C' onal

anti body; and sucl er ¢ acid fully
human nonocl on‘ﬁ‘F“%‘Pﬂ‘PBH&? FEripTRh ey tHE 8% coded ful |y human

monocl onal anti body. [0094] In one aspect, the invention provides
fully human nmoleRI onee embadnsoidheseoad riegRAg eaia! CPRYSS Ft Ipast tpertigialnect |

t he inventi on provindehg bigesttbe aréfakl Inheelyehan lams ds! tlgddiengfidailglight human

nonocl onal antehlaﬂ%h@sin&\@@tna‘s%mdﬁe é&fﬁc,mg%imhegecbmmﬁ@%an{nﬁoa%] In
one enbodi nent

di sease- causin “‘%l?”@ At gﬁ‘?‘naq’geroqﬁrﬁ?r?a'égrﬁ ®h a"a?‘cie(r)” Qta ﬁdgm"dm‘fmgrmi%%"?r I n one
enbodi ment, anmiHIRgRBGeS e Etanteeieanis whiegprertpireiosmaHnogiapyingdngludes
endogenous t o ithnmugBbulibshaeing stluter ivielydey & cendndiinret tope @morerransizolgen used

in methods herggish deﬁes%ﬁh@mficﬁ@@:o@m&s&h@n&@emmconﬁg@@%ﬂ}asi deONe
aspect, the '”Ve”“a‘%f&? f"rag‘?o%g .{é%@é‘é%gam‘l.&%: aﬂs&gpgﬁédéfﬂda oi g{]geH?du' ating

the activity of™" In one
enbodi ment , "t h’éafﬁéﬂleﬁ'@%@“%?%?”?@e’e%’%’ﬁa@ﬂmﬁ@ "t"H@esJ%ry'seH dnent with a
pol ycl onal anttrssrsc @bmh esict egeroigfof ¢hirerid imnembipiins indydesehimeriche

pol ycl onal antisera conposition conprises inmunogl obulin nol ecul es
9



[ 00101] In one enbodi nent, the antigenic entity is froman organi sm
that causes an infectious disease. [00102] In one enbodi nent, the
antigenic entity is a cell surface nolecule. [00103] In one

enbodi ment, the antigenic entity is a human cytokine or a human
chenoki ne. [00104] In one enbodi nent, the antigenic entity is a cel
surface nol ecule on a nmalignant cancer cell. [00105] In one aspect,
the invention provides cells derived fromtransgenic aninmals of the
i nvention. [00106] In a preferred enbodi nent, the invention provides
cells derived fRbdidd6ins RvRER h@fan IdoBBSE 0L BieGmBdtindRY, She@f mérBi@nstiyent i on.

[00107] 1n a pr?ef B ée%gs &?FB%HEF@%@ oHﬂﬁséc&\é%Q&lt;é?nB a%%ﬂﬁg%ﬁlegﬁues

derived fromtra eni c ani na f LV g Lon %@ l's are
capabl e of pr oaﬂiﬁﬁ“ oPsieRlRE @PIE SN S UAEons' 98] FRRAPTS 4 HE GRS %F00108] In a
preferred enmbodiammatment 4nd picdugingia fepgrops & immteaglogdingin beF1 Sangrepir greplf rom
transgeni ¢ ani whibisreftoifeldEimmoncgBbuli@nciuiE0iOdbgldbiline Reing s p@eh jdictyhe

invention providgs.oethods meki ng hybri domas capabl e of producing
ant i bodi es hav%ng 2 hunman T%Qﬁtype The net hods conprise the use of

celI's derived {0 & ARSASAl GuBlh (RS r&ihaéﬁgmﬁrey&&g,hgysecﬁ,qqar;lsgamcl n

one aspect, rovi onas

one ‘aspect, t hé“”??ﬂb%’ﬁ‘? FH‘??S%P Jiifgiade '8%“/%’? Wlﬁrb?i‘faéigeﬂ%?ffn??g g"eHh?Pﬁ?{’t st
i di ot ype, whi crepairit 6 bendicting axviable paro delldednas)least onpispdogryp |iPcup Ht is

i nvention, [00 ﬂaio@n’\}atddﬂln@’b&fﬁ‘é@é?ﬂiodlmﬁﬁi @hd sestadrdnSganiPEdvdl chedrises at least

phar maceuti cal m&%ﬁ&%fgﬁacpﬂaudﬁag gmagt%h@gm@a :gﬁuamﬂgmo@g addWleksfrRNL i ON,
whi ch antlbOdyFﬁ@EH uman d I ot ype. I'n one aspect, the

i nvention prov HogReap treat|ng a pati ent |n need of
treatment, conprising adm nistering a therapeutic ¥ ef f b%e
anmount of a phBP3RCREEEAMEBNBDE P FP M sa R RY Hﬁ" 8 ¥ G'?
patient. BRI EEcLDERGRIEPTIeOMNVIOFatT3sEt oRANPINESs Ig locus that has been, or is capable

of being inactivated by the activity of one or more meganucleases, wherein the at least one
artificial lg locus comprises (i) a V-reglon having at least one human V gene segment
encoding a germline or hypermutated human V-region amino acid sequence; (i) one or
more J gene segments; and (ifi) one or more constant region genes, wherein the artificial Ig
locus is functional and capable of undergoing gene rearrangement and producing a
repertoire of arlificial immunoglobulins in a transgenic animal derived from the germ cell.
The methods further comprise deriving an F1 transgenic animal comprising at least cne
artificial g locus and having at least ona germline inactivated endogenous Ig locus that has
been inactivated by the action of one or more meganucleases from the germ cell so

produced.

[0657] In one embodiment, the at least one artificial [g locus includes at least one artificial
lg heavy chain locus.

[0058] In one embaodiment, the germ cell lacks a functional Ig light chain locus and the
artificial 1g locus intreduced into the germ cell is an Ig heavy chain locus.

[0058] in one embodiment, the at least one artificial Ig locus includes at least one artificial
lg light chain locus.

[0080] In a preferred embodiment, at least two artificial loci are infroduced into the germ
cell, including at least one artificial Ig heavy chain lccus and at least one artificlal Ig light
chain locus. In one embodiment, the artificial Ig Joci are funclional and capable of
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[001141 Figure 1 shows a schematic representation of an artificial
heavy chain consisting of a human V-, D, and J-region, a rat intronic
enhancer and several artificial constant region genes. Artificial
constant region genes contain exons encoding a hunan CH dormain and
rat CH2,3 and 4 donmi ns. Menbrane spanni ng and cytopl asnc

pol ypepti de sequences are encoded by rat exons. [00115] Figure 2.
Schematic of the interaction of |-Scel and DNA at 3' end of
recognition sequence. [00116] Figure 3. Schematic of the interaction
of the 5' end ofdetghisg denSearangageagnd rredoringsaepedricef inntrivglpbulsdl the [ 00117]
Fi gure 4. Scheg@iidriabngamunimeeniccaemirt branmuresdtams seneé |- Crel (from

Nucl ei ¢ Aci ds ﬁ%@nogto%ns eabind s i ﬁiﬁﬁ%otyée()%@amﬂd%&eonéor n%%‘c%g@ént ¢

di agram of the I On_seqguence

1003101 B gur o"§on P i AR Iy PUCRTHES 1 PRI GHACP G (G S
sequences encoeidaee fingtionalghd saeable obyngereitgaene reprgrseinent andiprodyArd6nal  DNA
was prepared, apshokd@ crapit Biun@ioBulinEif the BerRéd ftthensb@id shimaiushiavas PCR

o1 Bt 1 ophor os) £ s PR R BAT LR e RO AT B8 B

cl eavage acti vidpipe %E“fﬁg é&ﬁf”ﬁ"l"%%%f n%\?l? ‘{@l E%TQO] By
"artificial i n?ﬂﬂﬁtb*glab'mﬂ‘inﬁ hirgee Ganstantsesipp 4¢e a%f’nar? rineghosateP | ocus

conpri sing fr agrendis gefe ratapgaman endyenudgrBepeitarauiroglinogeping inlteci |,

i ncl udi ng mul t il Fir FRLEARLRARA] vitkh BRARISS BRARbuMbth@laed ncl ude at
oS o | B g s RSB BEARE Rl O BlegBPT ©, 2 0ENE

Jmmun .
segnents, one "o a heavy chain

| ocus, and one or nor e const i.0 ene se he present
i nvention, at Ped{" %‘ﬁ@m?ﬂg ﬂ%i/“‘g%%né" :gé”%e%&e fg”’g'b'@é? i ne or
hyper nut at ed higapi#tiop-of @ FNEngeRpi 'alﬁ"‘*t&clnd’“%‘éﬁhﬂ@ﬂ@é the|rppthgdsively escreend
enbodi ment, angsat tdlié fochadresemauhoghibdaiioausl ocus of the invention is
functional and capabl e of rearrangenent and producing a repertoire of

i mrunogl obul i nBoe2] M cae prbieesask erdedionpie ntréducifgenBist arartRigBne
segnent is a hymanoR«GRna OS@Q%PQMO ‘ab¥vkd ftol.rra @}m defIndvAg Heastdre USEd

herein can refer to and
rearranged | ocT oC9RIYT {I‘?’lloci'St E?F%%Fe&é"adiv“’r‘f% udS caﬁab&%f be@?é{'f&raqed?bytﬁet chai n
I o;:| fand ?r'lt i f‘(il)‘:&ci;&fm? gf W%Eiﬂa?%‘émwgﬁ'“th?;’%ggngmﬁwz;mﬁﬁes
artificia g (e ¥ueyioo banp eSest cae A Ngenerseddeniagéading g ina is

capabl e of progpGhinGedhumSPRichiod 4-@nokid kRHIO @h BRWE h&re J bdn6 bdshend

chi rreri ¢ | mmungglpbild B bﬁxtgﬁgegl o B30 AR Sl DBy bR ang

enbodi nent, an a rirse I On gene
and i s capabl €2l sHEHTING ’E“’raé'fﬂgle'f’%‘f ’@p&d““inﬁﬁ{ﬁﬁﬁﬁ’lr%?fﬁrltﬁ%é i ncl udi ng
i munogl obul i rismiragiptwinsdn theferader @ansesyicanmal] qn a deseendarbibelpoiaatved Bam
artificial |g thereAtBed QB0 dr 8iiSyoAIThe dthiodé fuieBbomPime Sérling frnelé ferlizgene” ,
by which is g deoferﬁ%mmndérﬁmsgmmgﬁmg aqa@ggmaw thshie R daR ek & o

sequences derlve regi o

For exanpl 6. AIGEIBRIE PP R et e PR SRTaHE Eoa

const ant regi caMjerieackaiedelidpasneys ueprsthat §T bept nagAEd Wt%?rﬁét'qﬂaf ong §iG CH2
and CH3 dommai nmore mdgetddiRskps. | N sonme enbodi nents, an artificial |1g heavy
chain |l ocus lacks CH, or an equival ent sequence that allows the
resul tant i mmjsuegr rabahd dnibodiert itfeGHIBASEINE afift® 1k BIsGRkides BIRESQAE Srdlal N:
chaper one assq i Q% oogdCh artificial |oci provi de for the
production of heavy chaln-only antlbodles in transgenic ani mal s which

:c 3?& ?OL;PCt I %élp%a%en%hélm%agc eat Ie ?E?%Ial l? Ec 315_@ es aﬁ%aftnon ar?f%%l e
used in net hod@;"g Pain lpeug.o produce transgenl c ani rral s | acking a

functional Ig light chain |locus, and conprising an artificial ig
heavy chain | ocus, which animal s are capabl e of produci ng heavy
chai n-only anti bodi es. AlternativelyﬁTan artificial Ig locus may be



[00123] By a "chimeric antibody” or a "chineric immunoglobulin” is
meant an i nmunogl obul i n nol ecul e conprising a portion of a human

i mmunogl obul i n pol ypepti de sequence (or a porypepti de sequence
encoded by a human | g gene segnent) and a portion of a non-human

i mrunogl obul i n pol ypepti de sequence. The chinmeric inmunogl obulin

nol ecul es of the present invention are inmunoglobulins wth non-human
Fc-regions or artificial Fc-regions, and human idi otypes. Such

i mrunogl obulins can be isolated fromaninals of the invention that
have been engi neesjer cheenpbdraknt the Clitiiree boopte onambno GGz nktiviaiyllight caps .
[00124] By "ar tdcfd Glude ifisdi RHcMntrolied BB M ieRilzcb60d, @0l bry8RGRGEd by an
artificial con;tant reqi on gene. [ 00125] The term "1 g gene segnent"” as
used herein ref&¢“P8 %&ments of DNA encoding various portions of an

I g nol ecule, which are present in the gerniine of non-hunman ani nals
and humans; and®%li '8A p?&@“oﬁ”l?ff&fﬁ?“‘ ?tgeﬁét?'ﬁ"e?ﬁ’ﬁ%?cﬁ aéee‘iqf"g‘fcf’ 7 B m
rearranged | g dpeiieed cocTlegsembryg, pbypies & egyrenetasiigial laisay crpbrersef aldietide Vv
gene segnents, oh HEEa IGRE RN IG&ps. Jn @@ RRbRiEghENE stifanldg 16k fre gihaionaer e

segnents. [ 001261 B@ndeffoll adAb RBanbdhe RN praRBRE VoperBif ofidRithcgBufisn
i ncl udes bot h nat ur ring s E%n&girelog gene -

turally occurr, uenc f a
segnent , degen@rt%ﬁ%%””fj%%ﬁ?ége&fc a_?\'rg{’]ur a %f/e”g%"gtﬁ?r%f'r@'fs sguences of a human
| g gene segnenimmugediaRing ngudesiprprpaiphulitsdaigerivae 1giphpe. BRaERPogment,
pol ypepti de sequameere serissttasyion adnksof ind eriidatiafocitcomitrbeat sedt yrparon-hafen
encoded by a nadidtkdghn f;é?l@ GAH Jrd FRHEBtiIcRA AMEREBIeQF underdiiyRBnel réhrBRBRent

segnent. By "substantia . . 8 cid
sequence i dent HLypLngd nekort e 'O%F?@%?%%%?B?%?é%@f&%%@gr ce
of amino acid SEtfigersedenttigEsqh MISh rerertalp fAPIRErCIREOYERANS REYES BN 8r abl y
greater than 9&¥unode@itofainByhugaeigiabivee Ineas emboginepterin or negre constant
endodeoxyr i bonugbeanes dr hakutifcROO PO car@tisd DRG 6rR0gan chistnt régidn@eneiand DNA,
preferably at LE%EﬁioJﬂ%andWaﬂe BuRdeRbAPdhe RbrdnGastht shdprodfiBiffa bR abl y

at | east 14, nore preferably at |east 15, re preferabl t | east
16, more pref ePfé'BTg'°§Tb”ﬁE”§5§%é fopigder Eaﬁageﬂlﬁg'?'m%?’é? gié?g‘é%fja)'/’[tg e 'é"%%q 18
nucl eot i des i nrepeta M immyBepichuies isdusessmyEpisRybns I pvng AfbRgdfotRa eldeases,
nat ur al | y occunumangonktettiraggn.endonucl eases and cust om engi neer ed

zi nc-finger nucleases and hom ng endonucl eases. What is required for
use in the invedén Monessdebtate iBRionBoaRs BLBAS r predueigtiagedic animals

meganucl ease t arget « SEGUERGSIE GrE B whileiDkt 1R6QX] dBbgeh s RboMIOgenous
lg locus in the

o] A

subject ani mal such that a, functional . mutation may be
i ntroduced in f‘ﬁcﬁé& \"8@[?%"5 en?bﬁ%meé?&heg’r?”ﬁs ¢ rﬂpé's%iﬁﬁgﬁiﬂgféeg‘é%?g'c Fory
nor e di scussi ofires havigasrienie BeEaUCleaE EXPreseipnd REH Vaeelyihg expmstieh
Appl i cati on PuldnitaetcommisdNas expRe0G0 069 n o20DHI1EEB26e080@:46002092,
20060078552, afidocty AR o poQNAPL—IodhaAE 1 Rl DAICARABE M
al tered specificij can_be .genera C [ i inc
fingers WIPt h df”?gfa_%%élg?lste fa{prrﬁsf)'%e(‘tonstméctrt %%tcga./b&f'ﬂdg&g f)rue%?r? Jl'sglg tnyeg%y rgiér??;f%ur ally
occurring honi F§eEAeHRFErE RS9E™h be al tered by structure-based
protei n engi neering. For exanple, see. Proteus and Carroll, nature
bi ot echnol ogy RSEB)n B Zspe. thedmygmion proyiieomtieys RRprertFng @I % MGer n i ne
i nacti vat ed | ghaviegangable gorfn cel)@ierel af &t drid @odohanaisaglioan ddgethaers Thy

I ocus™, or " geﬁ%dd@@on@iﬁe%&tgﬁiné fle SHARAHQHERAIS the Jerm@OLIS in 2 fARSL AN
i nacti vated endo in e every somatic

enous. J g, | ocus very.cell . i.e . .
and germcell .8 ceﬁﬂée'ﬂl'r;%d.s"@?ﬁe il ﬁ'{‘/bé%’tdier('f’ﬁ%{thgﬁt{m%Pysexﬁrgg\?iong gernl i ne
i nacti vat ed | oe¢sarcleasgihgigiiced by nut ation, as effected by the action
of a meganucl ease in a germcell which gives rise to the resultant
ani mal , or a pRedEebess awed Hrervefion froBieSD]abRraserel Wisreinet edg eBl e Ger m
Cel I's and Tr anshdgemiu€lgARis@dapabldayieing inbiaadd ved ederken dogeimenshd @mloci
100131] 1n thecewgoﬁ%%@&f%&grﬁj@Inbg;ﬂuc.egg%wéggih%ﬁﬁéa%@rem%@qxarégsaon

i nacti vate endogenous ocl so as to produce viable germcells
12



[ 001341 The invention al so provides nmethods for producing transgenic
animal s conprising at |east one germine inactivated endogenous |Ig

| ocus. The nethods conprise deriving a transgenic aninmal froma
viabl e germcell having at |east one inactivated endogenous |g | ocus
produced according to the methods herein. [00135] In one enbodi nent,
the viable gem cell having at |east one inactivated endogenous |g
locus further conprises an artificial Ig Iocus, and the transgenic
ani mal so produced conprises_an artificial Qﬂl ocus. EO001361 In one
enbodi nent, t h&ETREIhIPAE L7 HUPSSLR YT Eaot WEFYGITETHiRe RFPRHCErEi cial 1 g
| ocus i nto the eogodind mclgie pid. ded prefereed emepdinent| thegonstigsi és ap imgustolegeromiy
endogenous | g Inganscleads expregn torsled thalemoe naas o bipessent mafan Rlease-

fertilized oocyt& s nBBPEYO d6dhkgd therefrom and the transgenic
ani mal so produced conprlses an artificial l1g locus. [00137] In one

enbodi nent, avi ng
at feast one |ﬁna2@| vat ecfEb% %%Aé?ﬁ"o %%eg?t\{egggge ar&%"@h%?‘\]y ol
descendant the86f, with a gamete conprising an artificial 1g |ocus,
and the transgenic animal so produced conprises an artificial I

| ocus. [001383@9AAJe waﬁﬂﬁ“‘?ﬂﬁ‘héﬁ?jﬁgﬁ'ﬁ&rﬂ%”sqsg’“ 'F%H"TGG‘?L%‘P ighheg i vat i on
of endogenous logusl oci is done using neganucl eases specific for

i mmunogl obulin gene fragnents in heavy and/or |ight chain [ oci
endogenous t o (00E] Subjeesboduirntytk gerrhneumﬁrepneamudsismabmtﬂﬂurbh@vgscnné:and

breaks may be loagléf;@g;egg{U,hergﬂ@g,;]ng;&tg,{amaoc@ganucl ease into germcells,
fertilized oocytes or enbryos. Alternatively, expression vectors or

nucl ei ¢ acid e[bsﬁ?l;me@s&mﬁ&%h&ﬁﬁ@w&egu.sa?@g%m é‘eu%eré:r@éﬁbgst@ﬁgoressed
in germcells, fertil ‘or enbryos may be injected into the

e S,
same. J00140] ?'}‘?"%H%'s:'aqﬁ%ctgﬁ'sf‘?ﬁ%i’a? the nethod invol ves transfecting
germcells, which may include precursors thereof such as _
sper mat agoni al mg?érﬁ ‘Ef‘@lei"g"d'"Teﬂt ’\B‘?.Qef'ﬁce(ﬂfo”i’pﬁse\?f’\)??swn? fifsalepanititase
encodi ng nucl eb&saci d or expression construct. For exanple, see Ryu
et al., J. Aridrol., 28:353-360, 2007; thwig et al., Biol. Report,
67:874-879, 200%5] ! D6 tAddiment, the wrmeéad cangdsee ptesd oneartificialdg ligtghaiucl| ease
expressi on congdkuct is integrated into the genonme of the subject
ani mal . Expression of the transgene encodi ng t he nmeganucl ease in germ

celI's will resyi I;anggu&hﬁeﬁttﬁ@geﬂn & @&%ﬁsegauémﬁg&n&aﬁgﬂegwlc% and
subsequent rrutatlon ite. Mating of such

locus and aPIeasf cfne amfa maF l}g# %% cham Iocus

transgeni c anina §rest W t h rut at ed/ i nacti vat ed

i mmunogl obul i ci referred enbodi nent of the
present invent 0%2] "O”% %sﬁfﬁt ﬂe '%'F@"Wﬂ%ﬁﬁ%?t'g’g%ff@r %??B?"@sa i g%’Bﬁ?‘t ruct is
integrated i nt’@“‘ﬁ&‘?é’e@%HWCWPte‘i HEosNF @dacusadharpgthodginyorh exreegEaat abl e
construct is ilsdune bbg@nideagedr amyate bdll SertiliSeiciacyeen ahifnsCh gererata videle f Or

m ni m zati on et ﬁgv@§hﬁea@tfofa@iﬁéc§vaé§§%?eﬁéﬁ%lU!ué hl'h@??@éaﬁ&?eb%oo‘c a
particul ar ma%Qp gs%l:aer ?n:%@r %Eg?a uc?eggettar et se?geng ln ) Qﬁﬂ% : Qtols%l? uci bl e

pronoters, drati ontrnauci

pronot ers, tet‘?“%f@?’t?f’*‘t'ﬁ@cﬁperon horm)ne i nduci bl e pronoters, and
pronoters inducible by dinedzation of transactivators, and the |ike.
For exanpl e, de838]\Vinjoadrrepodimeny|wherelTiie megrnuoiBaseds SRessapip 2 ogm4ol thg 38
2006. [00143] gAdntcerinahich/itd Megangasa ischkease yeKph asgd dhn falavig st lsaguced
in an enmbryo d:ﬁé h%ﬁ@teﬁeménaﬁ 9B A€ Inbtively, Q%bf}élgenﬁ sbnﬂmg@n%&%gent a

si ngl e neganucl eas ex

reganuc eace TECRUR SaRr IS me by St ek mapimg st b sern

i mrunog! obul i el Y ety peAT WaseX i eéedger m cel | of the subj ect
animal. In a preferred enbodi nent, the neganucl ease target sequence
isin or proximal to a J gene segnent. I n anot her preferred

enbodi nent, the neganucl ease target sequence is in or proximal to an
i mmunogl obul i n constant region gene. ,in a preferred embodi ment, the



[00146] In a preferred enbodi nent, the first and second neganucl eases
target J gene segnents. In one enbodinent, the first and second nega
nucl ease target sequences are, taken together, upstream and
downstream of one or -nore J gene segnents within the endogenous |g

| 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
meganucl eases target constant region gene segnments. In one

enbodi ment, t hgod7ayr Btona@athosiverondene ganagheiee i xpgetd i8 @ fuidred esytar e,
taken toget her . URsfor RAMRMEMIQIMERhE 73O iRl eldBYeBous [FRLOBAyRBUl | N
constant Tegion geng, 2eANRl S AN, GLSaXaaS Bk of DS Slengad second
encoded maganuc"f3 LY produces el et on o aygenomc segnent
conpri si ng t he nsg@udesedse P eRithogl obul i n constant regi on gene
segments. In a preferred enbodi nent, the constant region gene encodes
i munogl obul i n [§980][ DE1ABIbodimend te ablpdstrle prsagencus fg ledds s factisididhdifotis | g
heavy chai n an@hOémbb@mbritgltat Béabna ehdagansys Igibcub BIngaivparit gvet her eof are
del eted fromthe genone of the subject animal. Such aninmals are al so
referred to as @ePhbsd dModiert HRQERNOILIGHQGHSiséd Hlkadhat ahite|g locus.

i i d. [00149], | ' : : '
I nacti vate [ ﬁ)n %ﬁg%%gﬁe&gﬁ?ﬁmgggherﬁﬁ&al (Ii;%cué iffals a‘P@ﬁst %Qﬂlﬁﬁﬁ !Q%Qﬂ%? IS

used to disrupt t on of an endogenoys I%_ Ie§1v¥u ain | ocus,

| eavi ng the refRAMIRFEHINGPe REDPRE e o 'Fretree Tt 'R BERBPEISS P 5Pt ci ng an

| g heavy chai n atificef l9ddht e@micey®t s t he t ypi cal i mmunogl obul i n: chaperone

association. Preferably, this CH targeting is done in an ani nal

| acki ng a f unctuoed)ah odegermbpdient, etieestivd aiificis) o [@irrh Inrairepd inforitp demn eglich

ani mal s i s useflidifgQr lef 61 uaiFdRDIg Ry yhait Rdisiin @R hepst amt drbiesliBnt cfed0150]

I n one enbodi nﬁg&s, nore than one neganucl ease is used to target CHI
ea

within the Ig vy chain locus. [00151] In one enbodi nent, two

meganucl eases izl i i ; -embodi nent ,
The oites aro SPEone Bvafbrak aaRl oSlckei kel il 09 10
meganucl eases A¥EIMEE At aANBS O MRfig ARE Psing the G 3 1NIENHieg T Ed e Regguction

enbodi nent s, t benfbediesdr thepretentytdisgjdsedtransastic 2ninslsdariing vegior rare@iifidd n

ani mal s that afpg afdtalihgdng Otrord @doRAAO Gesann:Stivhigd byl vgah bf neaaiugleaaand/ or
endogenous | g Q%@MY chain. [00153] Transgenic animals conprising
regul at abl e genom ¢ neganucl ease expression constructs [00154] In
one aspect, t NGol eI AR E5Rud /A0S HEN GafBlBihEOURL 24 N0 at

| east one regulatabl e ‘genom ¢’ nmeganucl ease ‘expressi on construct.
[00155] The ¢ aPIGSEH LnEFPRES 0P Wish BBk wnefa B BRker B 8at or

ani mal s, part i carpagelay affiicebieaychiiciken achieyedds ynethedsaipderibed beriin. pheasant
or goose and the like), rodents (e.g., rats, hansters and gui nea

pi gs), and weapedss I @egspectf ey inettioh profidad mBBdds for proquried atirodids estrbodi nment |
the regul at abl g:\gRRAE HirkaldRARBEIKSARTRe RARKESTH@A IFAREHE Bl Gins@ABP! | Ses
an induci bl e e%(rﬁ)n[na?gf%e?@erﬁiﬁnngvﬁi% anrmgma%)_% le%g%@pécﬁvaieh Qﬁ&n&g.lg‘a‘ows and
meganucl ease- encodi ng nucl ei ¢ acl d. e 1 nducl bl e expression contr ol
region is i ndutdise ot 'ehees FEEN9 Pes p° GEFRRICEED. VP 7 AEUREPT I"Gul ar
transgeni ¢ ani preferredambbodintet, batadredc anghis ndlizraseiol epdagenioutiy heasy ¢haip o
meganucl ease t Mu@LndsyREH4E et Silainldad, @dorkifgh) heapledf PRbuchPerdibgerdid 0Ogenous
| mrunogi obul i nimlmgrgoéﬁbtmls. tlrnﬁggr‘rftmdﬁ%ﬁt tﬁﬁ!’a lenic e[n?r@:ﬁ?&iaﬁn&i&%ﬁb f?gthfabl e

nmeganucl ease expressi on construct DT oV es.for mnimzation of
cytotoxic ' ef f &ghLcuseageomatsayena iR BASFREENdW Dt a parti cul ar
meganucl ease throu?h control |l ed expression via inducible pronoters,
e.g., heat -i ndigeseblneonp pepatittsiaventiomprpyides eayCIPRERTESSHA SAMPRsEtE f2r s
tetracycl i ne opeiucd, Péiwona aisdrndftreiiivérdonpramalyepsyrisasmdbqgico ez s

i nduci bl e by diBf kis@id. M Hlrerfet ANERREhVAQE Sl AiRErukREMIrkdeRntibodidd0158]
In a pref erredhsrcrboigtleg%nt} i LRl of the invention

I ansgen
conprises two regurata Fea"ygoeﬁr%%%%g%bg%%ﬁ@ﬂeasgpéxpressi on constructs,
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[ 00160] For randomintegration, such a transgenic vector can be
introduced into a recipient cell by standard transgenic technol ogy.
For exanple, a transgenic vector can be directly injected into the
pronucl eus of a fertilized oocyte. A transgenic vector can al so be

i ntroduced by co-incubation of spermw th the iransgenic vector
before fertilization of the oocyte. Transgenic aninmals can be

devel oped fromfertilized oocytes. Another way to introduce a
transgenic vector is by transfecting enbryonic stemcells or other
pluripotent celobs ih blas@%QRPineenfnipRtddin@inodesr BlobiRlng Mynodbrtdl
subsequently i nh%cc;l ng the genetically nodified cells into devel opi ng
enbryos. Al ter AALT Vel y, a transgenl c vector (naked or in combination
V\nthfaC|I|tat reagen be.djrectly.injecte

devel opi ng enbl 981" FAERbRInE BBt s p oM PEEahlibtt Aator

i ntroduced i nt &ietnenticfewrnenion hgs # &pst O%Wcﬁ’ﬁte%ﬁfj?ﬁépf’“?@'%é?ﬁ”@éﬁﬂ"eﬁ fom

t he transfect egag edeartiiylal ULieddederized séran, Wi avimmgnogen] {@sbBt aFor

targeted integraido an%%@fpr@dubﬁ B SN ErHQRAIOSN SRR thathdnbdiagied i nto

SPP; ZP;:’]?T g_t ;gcllglg% Producm% elﬁ grogb aaiﬁong&%vg!ydgtmb(ﬁ( tiral ﬁg&f&ﬁlb Lﬁdsq(f]th@ r eady

transgene has Mitageaertii)] ygthe H‘é“"é'ﬁ'?afﬁ‘i“ . ’é‘ff?ﬁ‘fﬁ“géf"tf’ﬁ@ ‘{cﬁp‘ﬁet ed site
by honol ogous mewoiprdzi anbitoriothat srenifidady bind$ e@teerntmmyges.toamar"@ mepacleorls. The
sel ected cel | s, fBoty bo®Bind& I folprRtte Wi riifid@mLLel Ba brelcERd mRboidialanBdEET

unit cells, e. QJTW cells which are
t oti pot ent and%gﬁggggréﬁgrﬁ%or m n%&g&eﬁhﬁoﬂgggﬁg%ﬁ{g%nat e. Fusion is

performed in B8 g%%%mbodm]emctﬂgAg&fd | 2Rhse éf&ﬂﬂﬂgﬂﬁ%ﬁm% %*%g for vel |

established. S
280: 1256 Zhou Bf ave"“%c"rfeﬁé@mi bers pest ppp-inaqliysier e“@ﬁﬁ@f’%‘&f"ﬁ FOF BB Eyt es

and nucl ear tr aagéremrtifciahlo kwas desciied hagimwith doynminegendi)isglating 2usi ng
i nj ection pi peh&r@&ona(aﬁﬁtﬁdy ﬁr@nc:@mmnhﬂhe tMadgay@dimmapinein the ndadcona ( 1998)

394.369.) The Lol bbdlndl bidefe rﬁohscﬁbngum,adv%egeaﬁeau AnRARAROPT i at e
medi um and transfer ”AF or generating

1N Cl
transgeni c ani far®ee ?’?‘Fﬁ? "(/%'F m°ﬁ°ﬂ%"apag“b8§ytpr%u a}n&"é' V¥ odi fi ed
cel I's can be i #ijtieogy mgfeip mwwewo@eﬁﬁhegmewwé@body ffeeﬂfcaﬂhb"aﬁﬁethe
enbodi nent, a megaRLTreidgrsihgthesetclbml dnttoloasdc ddido frodgcpibearognogdnal

honol ogous  r ecopiisnak: sy hat R@ehmsbidd. t hrough doubl e- st rand DNA
cl eavage. . [00163] Transgenic aninmals conprising artificial |g |oci

and capabl e of ,,pPGULT NG RBEEARLAER: HAYLRG PUBRMd Siaby BBGd 00164] 1 n

one aspect, the I nvention provides transgenic ani mals capabl e of

product g | TGSAL e BN TRR: KPR S WelleodS o NodS

of making the e transgeni ¢ aninals used are sel ected
fromparti cul cke tur ant or
goose and th eallf’)%aé]es?" one %S(ﬁecrcq gl ve lbn prowdk ? |¥diat%%h(l,lélc aglég&’ccaﬁggﬁcﬁea pi gs) |
and weasel s (e“@m"’”ﬁ'é‘ﬁffbé‘i'%s) [00166] The transgeni c ani mal s used for
humani zed anti body production in the invention carry gernline

mut ati ons in ePeSLdrrorasPeqy thedpntiohaevidppvehagelerPrerdediiliebrmsy) t he
activity of onfonedlonEitibodieg aiflhteoas@sprisk () immpizizf e traregenirboeliontent , t he

transgeni ¢ anigRhisy, ¥eh Jh%ah rhaé ¥Q£Hétson£ ﬁéctrméega%g&ufs Id BcuB 8RN rrigd I N

and/ or endoge t hese a r ry at

| east one arti ?355‘1“5?“4 g ”S as ?eﬁcr'tbe%er b u\?'l'f(r:]talrl onal %a 8%&3 %?

produci ng a r eprapdasp e WProﬁ‘i‘ﬁi’ﬁéﬁ’lfré'lﬂmel“ﬁnsﬁ‘iﬁ’lcéé‘ﬁ’ia'e‘@e'?'ﬂ“’f"ﬁ'@"‘i‘#’%ﬁ'\sgenl c
ani mal . The ardntitotyqiralicilggell @iices 8 @elndciand dndbadnirgspacifically el tedke at | east
one human V 9qmﬁu@%r@ﬂgolmmifQQu]tlﬁa?r]mnbd’bné‘! aRlbBdy@FotiRfhg 8aMRGRLsERA, t he

LT anSgent C AN HBlog bk deihich Sples AR RoRLhAS bkl nhodlfaIGRRNR | ocus

and at | east "Cha
functional andmewpeds @) e@d'fwdmnwnaawewméﬁwraed BrPdiRpRARTg TR i n
nol ecul es in the transgenic animal,. which repertoire of
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100171] In one enbodinent, the artificial |oci used conprise at |east
one non-human C regi on gene segnent. Accordingly, such transgenic

ani mal s have the capacity to produce a diversified repertoire of

i mrunogl obul i n nol ecul es, which include chinmeric antibodi es having a
human idi otype. [00172] In one enbodinent, the artificial |oci used
conprise at | east one human C regi on gene segnent. Accordingly, such
transgeni c animals have the capacity to produce a diversified
repertoire of imminogl obulin nolecules, which include antibodies

havi ng a human noelicgckd pecodingch fally humesimogesiesal anfibody,agd @rusing OO EFRbinkii one
enbodi ment, 't RGeS deid Bhdabint a flip Giman SReocRAIN Bk &R todtod L8 &3 tendd e fully

artificial congiant,h&#hQ9nwd&pe. For exanple, an exenplary artificial
C constant region gene Is a constant region gene encoding a human 1gG

CH1L dormai n and I 2 - i N ' . SUC
transgeni c ani Jo?é [ng\]c/éea%_ieﬁtéagg\begﬁ f 6’9‘?‘% f@% E@%E%ht@ﬂl’%ﬁ? ?l Slsgd
repertoire of PRAFDgl obulin ol ecul es, which include antibodies
havi ng a human idi otype and an artificial constant region conprising
bot h human and 448 - 'n enesaregiotip Brretien grovidey (REgmRinantithiclaq agkis gleering fllect or
cont ai ni ng an atrkanimosdc@hal knfibdde, WBd m&hddanbfpodiche the kanico t he reci pi ent
cell or cells and then integrated into the genone of the recipient
cell or cells hyosans@mmbdir@es, alimthofdn uBY it BEIEHRS Bfkid iBEEDS difRBse-
[00175] For faPé!n%B J e bAhIRRe pdioh I@RASIENI ¢ vector containing an
artificial Ig [locus Tan be introduced 1nto a recipient cell by
standard trans j Welo AV | : j ector can
be directly inF@%ﬁgﬁ&ﬁﬁB%%.%%”mwgﬁﬁggéﬁgﬁgﬁh%ﬁ?%&%#ﬁ?%gﬁ&%ﬁgyte. A
transgeni ¢ vectBPIEEYS CAEFsHE aFﬁ?ef'ﬁtﬁ’ﬁEﬁwdwnfc%'-'mrﬂ‘if‘ﬂ%t“?eﬁﬂ’ Bogher m
wi th the transbresv ieantigepexoperbentehdmars.i | i zati on of the oocyte.
Transgeni ¢ animals can be developed fromfertilized oocytes. Another
way to introdufdessh i enapspgerirednvestion pvides mitiodt foamesfratizing on goduiatinuyieni ¢
stemcells or giNkgbs =R biiénR@hRNh 2 6@hdnSodylceipoRenaNPbme ePbddMRhtchhal ger m
cells) and Subﬁms%jpxse'cmta%%'ufsqmm@m&ﬁghmh%ago&afonm%;f BeheiitdhS | nt 0
devel opi ng enbryos. Alternatjvely, "a transgenj c vector (naked or in
Combi nat i on wi THEFHETTY VAN ER Pldinaftrtspr e amPoBlen PRt IR R e ed | nt o
a devel opi ng entigoyies thaysrerifinativeding fo anih pavisalipeer medueirgbarctivitaefthedhtigeniy e
produced from énfig enbryos which contain the artificial 1g transgene
integrated in the genone of at |east sone somatic cells of the
transgeni c ani[osde} Il die anmstiRedt, iR Hsdus®RMbrise tdhGicting BB SEH BénfpoNAChiBR | S

i ntroduced int Dnégﬁ%f'lglﬁri}g%&{: tﬁé im?entﬁ)ﬁ.l vllher?ﬂ %e nﬁﬂhmnféggipgg?éal}éﬁqg Hom

the transfecte X ear transfer clonin

preferred embolf ARHT=eSE" PriiRies bR AEY AL BIREC Eh™artificial 1g | ocus
is randomy integrated into the genone of recipient cells (such as
fortilized oodgiHolE HrR7ER SPHEe Tt TBer= PHECS i i Biften Exeiopinahy o
derived from amtimdi. mal having at | east one endogenous 1g |ocus that
has been inactivated by the action of one or nore nmeganucl eases.

Al t er nati vel y,od108 hogesmnbodiaent, Weel agtigeds ¢ty BGoakd or§dnismatat dansesaogl obul i n
| oci, can be Giassedisakd h transgenic aninmal s having at | east one
endogenous 1 g | ocus that has been inactivated by the action of one or

TOr € TEGANUC! ARE m oREGREHhER helighieerRLLALAL, BLOR] used: [ a

preferred enbodi nent, spring that are nullizygous for endogenous

| g heavy chai googlr?]hg(n he e!n%oc!iirL%Ftl e%FH%Ln?ce%i iséﬁﬁﬁ%ﬁg%XEa r'\uﬁlgﬁpab' e of

pr oduci ng end us 1 nmunogl’o I'ns and capa roduci ng

t ransgenic imﬁ%ﬂ?m%bulins are obtained. [00177] For targeted
integration, a transgenic vector can be introduced into appropriate
reci pi ent cel [[@01e4)ip Rnegmbating dwisetiogicantiy i e r¢isuraet Medeculp Pus ingighadht
cells or alreadyedefferentiated somatic cells. Afterwards, cells in
whi ch the transgene has integrated iqéo the ani mal genone and has




[00182] Each artificial 1g |ocus conprises multiple imunogfobulin
gene segnents, which include at |east one V regi on gene segnent one
or nore J gene segnents, one or nore D gene segnments in the case of a
heavy chain | ocus, and one or nore constant region genes. In the
present invention, at |east one of the V gene segnents encodes a
germ ine or hypernutated human V-regi on am no acid sequence.

Accordi ngfy, such transgenic aninmals have the capacity to produce a
di versified repertoire of inmmunogl obulin nolecules, which include
anti bodi es havipgugostun lbdapect, te AR proliflesk OB dytived TadtnNrahsperiic it Bf tigr
nonhuman- derived Q-gene segments nay be included in the artificial Ig
loci. The gene segnents in such loci are juxtaposed with respect to
each other in r r

configuration' %% M$m E&ﬂ&ﬂ%ﬁmﬁﬁﬁ MQH&%]+Qﬂw§%ﬁ?&gﬁggﬁﬁﬁ%ﬁgﬁgﬂ?gtion
The art|f|C|aIf?ﬁﬂvﬁémﬁﬂ§@”FHBa@§ba0|ty to undergo gene rearrangenent
(if the gene segnents are not fully rearranged) in the subject aninal
t her eby- pr oducil¥E7Hn apipieres W@d“%”bigé investigngrogitesi sy rOM FER%eGYi ng
hunman i di ot ypesnimaldf 183iverRoguliattorys el cepabletoterédiding aptibodiestheving,a human
enhancers, sw tghpd €9i ons, reconbination signals, and the |ike may be
of human or non- hunan orlgln What is required is that the el enents
be operabl e i “Ioto?ﬁ] :ﬁQbHEE red%%&kn%ﬁt FORCHEAS vicdseH IRMedvBa Feander the
artificial loci functio f £ 00 4] I n one aspect, the Invention
provi des transﬁ@ﬁ?@méﬂﬁ§f?dﬁ'ga’%ntaln|ng an artificial heavy chain

| ocus capabl e of undergoi ng gene_ rear in e host

t her eby producRYeH" Eﬂe\%éﬁeétlLF'?'@@MPEB@Y{EBF%@% or W@W&' é'ﬁ%?aﬁgapab E\/"igﬁg
human i di ot ypesrodysing entibddies aviag 2 bengy igiolybrai The mefeads carprisete uss dpdigene
cont ai ns a V- r egivairomittttgdic shimastf tteneediomman V gene segment.
Preferably, the V-region includes at |east about 5-100 human heavy
chain V (or " Vi) ogese sReeIhentioMsrodkRs Ryblidaeds slpedeseda human VH
segnent enconpasses naturally occurring sequences of a human VH gene
segment, degen@bﬁﬁﬁn érfaragsactczﬁe iMktidh Bblidks BRBAHNEE hdVBg § REhvR REBe, @hicrd hunan

VH gene segnen S es that encode a
pol ypept i de Seaﬁ&%o%gséargargs%cedb ¥1rﬂ t{?gm%%“ﬁgq%?&ﬁeast about 85% 95%

identical to a eav n-a
preferred enbo[??ﬁﬁ? °“P'taﬂ’§e4 t?et’"VF 'lg'f:’rl' %f‘”%gﬁhamp M%?gﬁgoéﬁgnsw&%g%nasn

| east one or s@’\%ﬂdwtﬂe&t"‘a’é‘@h%‘?'i‘rﬁ”“bt"@@a%ﬁhﬂ@ﬁé’?typ% g., CS, Cg and cy
(including any of the Cy subclasses). [00186] In anot her preferred
enmbodi ment, t hIBOHBI dni esrast. thedmvoniiorravidss meibags oidisHioa? prdenhinmpadiot al
constant r eg| Offea@r@Riempiisig adnprrseefnegamefa;&nﬁwmemmbamwodnaalnatmécenmcaal

constant regi o&nggsﬂgéof%qggﬁorgom%@&t domain and rat CH2 CH3
dormai ns, or a hunan CH and rat CH3 and CH4 domains. A hybrid

heavy chai pairs effectively with a fully
{ER‘((:\%]FIH?:'S@RJB%F%O%F%F pREAMNGS

human 1i gh I n anot her preferred enbodi nent, the

ol o My FRAL . LORKS SONLALDRAkd o 1Ak RARIAAY o 88D

genes | acking ci al
const ant regi ch"geh¥sDentbgacn F[i‘h'&%i“@d”qaw%’H&F‘ﬁfa'?r&{@a’lcﬁ'ﬁ?ﬁ’i@g"f’he CH1L
domai n but congenésshtifgialChiiantaegibn GhiBs cantain@iihs eCpiing aOMBarsftt dOFEN @ldmai ns.
Heavy chains |ﬁ@ﬂ2%§nﬂ"ﬂlem@ﬁ§%ﬂ&ar@&ﬂéﬁﬁﬁg ficfopRihe edljpyRidy sedhchtes b

| i ght chai ns ar%g eé)lg Aeayy chain only antibodies. [00188]In another
aspect the |nven prOV|des transgeni c constructs containing an
artificial h ai n locus. capabl e of under n ngerrent
in the host agﬁ é?ﬁ%pigﬁ%? esﬁ‘gf"ﬁ\i"o"gﬁc' !ﬁﬁmgn 8H v%e?s%ﬁ% t?EHGSOF Eeg gn'{c’%

| i ght chai ns h&Wep§- hunan i di otypes. An artificial i ght chal n I ocus
of the transgene contains a V-region with at | east one human V gene
segnent, e.g., a V-region having at |east one human VL gene and/or at

| east one rearranged human VJ segnent. Preferably, the V-region
17



[ 00193] Once a transgeni c ani mal capabl e of produci ng i nmunogl obul i ns
havi ng a human idiotype is nmade, imunoglobulins and anti body
preparati ons agai nst an antigen can be readily obtained by imuni zi ng
the animal with the antigen. "Po&cl onal antisera conposition” as used
herein includes affinity purified polyclonal antibody preparations.

[ 001947A variety of antigens can be used to i muni ze a transgenic

ani mal . Such antigens include but are not limted to, m croorganismns,
e.g. viruses and unicellular organisns (such as bacteria and fungi),
alive, attenuatigdiaFigeadchehbir@nBahisra@ibn df@ 518EnE braIdN.GodN FeBoYBitionOT
antigenic nDIec +Ef ﬁﬁhﬁEEd fromthe m croorgani sns. [00195]
Preferred bact ér antigens for use in inmmunizing an ani mal include
purified antig om hyl ococcus aur I

Dol yeacchar | ded i HARER £ RaRaN- BEIENS BHIRHERaHE RN, GARM Bher
factors such adcidifsadt 4%8M8%hdhesin bi ndi ng proteins, collagen

bi nding proteins, and fibronectin binding proteins. Preferred
bacterial anti gt Eguscs. Beiemeld dlagirm eftfieeiitiedy &alipanadecaeniior seqierennfl us,
Pseudononas aergegi nosa, enterococcus, enterobacter, and Kl ebsiella
pneunoni ae, or cul ture supernatant fromthese bacteria cells. Cther

bacterial anti gRfw) i) zmangBerdise dzardesighed Bjamat sequandsaiicothg rap g f i ed
|1 popolysacchal el gLl ocfidHofinaPSNA e BRoar kOB Wedbo AL GG AT | DS

and/'or reconbi nant ve ﬁJm
fi bronectin bi Hﬁl'%“ﬁ? BTSep Cﬁ?“’”@ﬁ‘ﬂ&38‘32'?'h°r°dé{ﬂ%|weé§<?5‘f"5‘%d ﬁy ?°:Ly8°rwlam'de gel
Pseudononas aerlggicphomssis. BrfarcooseisicalekmpledBastEaing deaworrEli el | a
pneunoni ae. [00196] Preferred antigens for the generation of

anti bodi es REFANUESIDESORIGTION REMTHEBIVENTIBNuat ed versi on of fungi or outer
menbrane proteins thereof, which fungi include, but are not limted

t o, Candi da al pocarsy aiGandhacganiapsid esiesnt arCamdicdiabulir lops caprigng and
Cryptococcus nﬁ&fneﬁtéf@fmﬁman ah®E Y dharPretRaERch @ inbigmaswlige use in

| muni zati on | n m?ul:lo %Euilk gengg%bﬁ‘lreﬁg %Jhl iL&[lBQgt'h%§l oﬁ?\%'ngbﬁetrea(dnr(%%% i ncl ude

the envel op prote Vers ruses

i ncl ude, but a?eélmﬁﬁ-t"”? Prr'i‘i“feejtfe'fetfe?‘%%‘ﬁl ‘?“Sf”'d‘?"ye %%ﬁ‘ﬁf‘?gﬁ'ﬁ"tﬁl’ h§ &SE RIS\
(particul arly tdaey dRaiPlcatsaing pne oHppatdnstan regony dane seonpiBy)n theesgrgbti t s B
virus (HBVY), cCileaiignoaleaybiewsSthé Chddp seghmBis erdttls iigivnline YA tAvitubadi es

specific for canegp arif cta%ecgsaz@nﬁtasgfehyd énﬂmrméntzbr’f‘ﬂhfh'él%ﬁ&@@ébﬁlmam mal s
wth isolated tu

t unor - associ at @8‘38{{?‘1 ' “§W§" Wﬁi’ ”‘E:“ﬁrr'g?zr’{‘g ICfP(?Lé[e o at"a"é“ranéenn o”td pfogucmg éd to,

Her - 2-neu anti @éfﬁfm(%ﬁm”wwi"@é'“sag’m Fﬁ%f?"eﬂﬁ'i“?ﬂq‘“'ﬁ?‘eat [g2 P8I0 geps Sepmnt s
treat nent of bsrRashDgaReegment. CRG! 1ORRY aa nwbd BD5Bcan ndfér (pansartaagedi bodi es
agai nst whi ch l@& epaM§l?feH|IranBéEir]oc'i bei itdreakamat Affiaby 68 hbudeARdP B |

prostate specif |elrﬂahea\fy%ﬁam lgcil I}{Ff% erg@o@%'ll §}anlaﬁ1§c aTg"ch st whi ch

are useful forch?'ﬂloc'a” e cancer A nol ecul e
(anti bodi es ag#mades %\I’ﬂ“é‘ﬁm%‘rcé’e%\eqeﬂﬁ and f5,canapl ofpradiginga FPesie ¥ol on
cancer) . [ 0019@nuritiiebudinincdinscheric ibeumdniunsdidrcador-tuman Cregieg.gleni ¢
animal in any gRRYERIMRAL anBRNGS g oW dolpiREs AMunBOU tegidiNgend biiNiadabableand can
be admi ni ster edoclucmgaacrg Il“tcgj r% 3 ﬁlmquoglhuuﬁqsﬁ)r{cﬁgr?gtqullq'»EHoggglm%%g%%lh%nan[(po2003

For maklngan% fromthe
i mruni zed t ran@?j‘éhl“lfnaﬁ'?“??ﬁ'l"e'ﬁtﬁﬂ aﬁ’gcéadiigtﬁcﬁféri“pris‘?? a&eﬁqrc'?’ﬁ%’\sﬁﬂr’?ﬁ‘?h
transf or med cegehe’] iymbish if oeant heongizrd taiot deamcomprising pydegisimagauenses DIRAs
encodi ng ant i bagH Rsardng nelRneftobitans asd asms. Mt @avpiaian Biedblagyrificial
techni ques and,g c{ﬁggnﬂ?ﬁeafgﬁg wlsta éh@éﬁt ﬁ%foﬁgenggll]cloﬁn aTr!aﬁang@@ﬁdwn% af“pr
maki ng nnnoclon ant | est abl ed inthe art. See,
e.g., European@pdf et %B?FWl on 0 583 980 Al (" Met hod For
Generating Monocl onal Anti bodies From Rabbits”), U S. Patent No.
4,977,081 ("Stabl e Rabbit-Muse Hybridomas And Secretion Products

Thereof "), WD 97/16537 ("Stable Chicken B-cell Line And Method of Use
18



[ 00205] Teachi ngs on heavy chain-only antibodies are found in the
art. For exanple, see PCT publications WO02085944, W02085945,
W200600, 8548, and W2007096779. See al so US 5, 840526; US 5, 874, 541,
US 6, 005, 079; US 6, 765, 087; US 5, 800, 988; EP 1589107; WD 9734103; and
US 6, 015, 695. [00206] Pharmaceutical Conpositions [00207] In a
further enbodi ment of the present invention, purified nonoclonal or
pol ycl onal antibodies are adm xed with an appropri ate pharnaceuti cal
carrier suitable for admnistration to patients, to provide

phar maceuti cal @o@iﬁ?ﬁ%&ﬁé SimdnROAMRTcidP R KNI ldo@adRICHN, biant he

har maceuti cal on s mal s,
ﬁor e pr e]l;le:’ abl )?q%\g%@ sequer%c%ﬁtato ov&srt‘r[% resnlyaﬁt%rjmﬂlgg[ﬁ'ﬁlﬁt@& {n%ﬂm Yypigﬁrgpl at ed

rinary
[ 00209] Phar naéWP%%P'I”)Fh%@éT)?s&?ﬂaemc gpthaglp%ai WF‘EW%%{?PE%O%@%I oyed in
t he present phasavaceuvilgaiticaissipdsistingrgmaawhithdach afneiptl lalight det vent s,
di sper si on medius dnéRinf HoGogRers un@ibihl Iy gt dnbik eSucicxafiealiy hdagahan lods any

conventi onal ”E%' Eed i@ﬁ&%ﬁs heqé rl tbj ﬁr{%u Qtrrangg@ﬁlé én@:ﬁa]s lékl i{u'lcﬂ@laltléilk httcﬂairt he

recipient or tot erapeut | ¢ ectlve % : aels‘Elrec bodi.es

cont ai ned t her &0y @ eanqalie 3nartifiqiello Servy gpgia ﬁltsl'@é WBARTEFFTDNE of the
present invent p@ﬂpcunsh@pmheprpnhaﬂtﬂébodfeﬁ[ Atgierha g igé?wﬁ:'ﬁ?*{ bBe 1iquid,
sem -solid, e. ganifRsdessiu BisaplcHI ocAreriraks reglo amfyeesatedn aoliiciatloer S

: ncl Udﬁeo! | S, %@éh51n Rals! tﬁ%@pr&%&’fo} t%@duﬁtb@&?h&b chaHBAY anti@Rles. | | pi ds,

i posorresj esin >

preservatives §Fﬁfpdﬂnﬁgelpf° Lé?"’” fheéttrﬁ'?t“"ﬁ% |33ﬁr?g£'?s Y Etc am %g%éfﬁ? ‘6t hods
of Treatnent [B0oERpe’ Ty chals $iM AYP2H SR8 208 the present i nventi on,

nmet hods are provided for treating a disease in a vertebrate,
preferably a nipafealBy "pmef idictitsl ip Mmaanha patirertide sgpyenpce °”§’Ub‘j’“é‘?:t s being
an especi al |y pigdopencodbd epiaeinmrpibbuliroygeaelsgmers.(Tee iemghamap iriitbeesl

anti body corrpo ﬁjgi &hn ﬂéludte@l?otﬂ @M%Wc’c&ﬂmg%ﬁbé’n@@lo% fudan ﬁrﬁl&fﬂ} iaB@elSg Ch

di sease. [0021 ﬁte éeaa@grgﬁs sy rﬁtanp tgentlca‘ el 0 {P\FVQ}%QPUEE fOH%%b Elilpa" ‘JCHP”" nd

neutralize or ssues t hat
causes or cont hynsnewigodes By’ §@af§'é'a'8r's F’Pﬁﬁt‘h% Ihe deares °D?t%f'é’s"‘i°'fj é‘?ﬂf'“‘H‘Fe
abnor mal i MunEertiy SEoRSEshoutAR-350hAt Prefembhc the Aegree\pf aning aaid pesuencelddntitied t o

enconpass any egtegtbhen@ti%%lrépraétgtt@eeetemm%nol ecul es incl uding
proteins, as well as cells or infectious disease-causing organi sns or

agents t hat ar g Eéyea&hem@&hﬁom crﬁﬁdﬂghﬂﬂncfg@b@ﬁ" iFRd=hiady and
preferably are a

c :
(00214] Admi ni E¥PEEP anﬁ%%‘ecaiﬁ R T R
i nfectious agefravense (@ %HWPY?@P%W’%F“CP%" E‘b?fb’f”ﬁ'é'tglgﬂ'f? SRt eREPBT Her apy
results in elishiamathuonn oinunagfobdit Panrsptifresetliendee $he chimgiigiggingnoglobulin
adm ni |St rati Onmgécuﬁﬂsf‘ttﬂgﬁbéﬁﬁn@%ﬁ R MesunbdtBusmiebn-Bimah Af-@gibriseu S
particles genef
parti ¢l es g8 m,fﬁc,ap{?te%,oh 0 @%gmtnqt]aypeg%& lﬁﬂm@sﬂuynsw&éog@ﬁg:nlt
di sease enpl oydtrasst te 'ﬁ’t?ﬁt?ﬂ‘ﬁ? hausPesh %‘Heeéegﬁ%‘ir??&fe%’ﬁle(}ﬁ PRI her apy
reduces the numberlenf malignant cells generally 10 to 100 ford, or
nore than 1000-fol d. Therapy may be repeated over an extended anount
of tinme to assmnﬂz;]taherﬁﬁm‘rﬁdc-egiew"elm'earit pafdregipnaficopefie ot riifighsl cpestat cl es,
mal i gnant cel | gg In some instances, therapy with antibody
pr epar ations V\ﬁJ e ‘continued for extended periods of tine in the

absence of det @&E?jhﬂ]@t mlégﬁesseg%enf ] tﬁ@&ﬂe%ﬁef&@-{otsbﬂeﬁ@ oaiNALAERBY r abl e
celI's. [00216]Sim 1 arm

nodul ati on of ‘faﬁ?t‘ﬁﬁ‘g“’t"%gfﬁﬁ)ﬁé‘?é’g "ﬁ"a 'f"‘g‘oaﬁesﬁr%?rg%theﬁermqﬁé/c’fnon'hupnfrfam o8
admi ni strati on@dotm@hen%ﬁeﬂeie@mam foprtner 8 8 °e"ﬂ?é?’@ﬁff”ﬂ%§d Bée”@&nﬁ’f’?’uued :
for extended pgoéredegmefits bd used fiereintidtdeldgpa egmerdts, Bynedegeate) @yt ONB.
[ 00216] The SUbéeErﬁéntsaﬁc?été&?éﬁ‘%eng%ém@rﬁs enpl oyed in conjunction with
chenot her apy at sages sufficient to inhibit infectious disease or
mal i gnanci es. I n autoi mmune di sease patients or transpl ant
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[00219] Directed Evolution of hom ng endonucl eases specific for rat

I mmuno gl obulin sequences. [00220] An anal ysis of rat |gM exon
sequences resulted in the identification of several target cleavage
sequences for engi neered hom ng endonucl eases. Using hom ng

endonucl ease |-Scel, two target sequences were identified, one within
rat 1 gAA exon Il ( CGTGGATCACAGGGGTICT) and the other within rat IgM
axon |1l (CTGGGATAACAGGAAGGA). These sites share 61% (11 out of 18
bases) sequence identity with the natural recognition sequence of

| - Scel ( TAGGGATRAGBANCEETAATY 2N g 00 24dmeMiass ueedherealydes beleepisalites i n rat
| gM axons (t he odiyfrh@Eeqitihced Ucd 109k @sneRbgneiiginbiaeshs F asigely oSeduence

Simlarit y pos Isgéugﬁe oq’ lhrﬂ'r%'n Q%Té%%’é@!sﬁ%e/ﬁc%&céé that encode a
polypeptide sequence substantially identical to the polypeptide encoded by a naturally.
occurring sequence of a human Ig gene segment. By “substantially” is meant that the
degree of amino acid sequence identity is at [east about 85%-85%. Preferably, the degree
of amino acid sequence identity is greater than 90%, more preferably greater than 95%.

[00127] By “meganuclease” is meant an endodeoxyribonuclease that recognizes long
recognition sites in DNA, preferably at least 12, more preferably at least 13, more

E preferably at least 14, more preferably at least 15, more preferably at least 16, more
preferably at least 17, and most preferably at ieast 18 nucleotides in length.
Meganucleases include zinc-finger nucleases, naturally occurring homing endonucleases
and custom engineered zinc-finger nucleases and homing endonucleases. What Is
required for use in the invention is that the meganuclease recognize @ meganuclease target
sequence present in or proximal fo an endogenous lg locus in the subject animal such that
a functional mutation may be intraduced In the lg locus by the action of the meganuclease.
For more discussion of meganucleases, see, for example, U.S. Patent Application
Publication Nos. 20060206948, 20060153826, 20040002092, 20060078552, and

20050064474,

[00128] Zinc-finger nucleases with altered specificity can be generated by combining
individual zine fingers with different triplet targets. The specificity of naturally occurririg
homing endenucleases can be altered by structure-based protein engineering. For
example, see Proteus and Carroll, nature biotechnology 23(8):867-97, 2005.

[00429] An animal having 2 “germline inactivated 1g locus”, or “germline inactivated
endogenous Ig locus”, or “germiine mutation in an endogenous Ig locus”, has an inactivated
endogenous lg locus in every cell, i.e., every somatic and germ cell. In the present
invention, animals having germiine inactivated loci are produced by mutation, as effected
by the action of @ meganuclease in a germ cell which gives rise to the resultant animal, or a

predecessor thereof.

[00130]1 Production of Viable Germ Cells and Transgenic Animals Having Inactivated

Endogenous g Loci

[00431]In the present invention, meganucleases are used to inactivate endogenous [g loci
so as to produce viable germ cells having at least one inactivated endogenous lg locus.
The methods involve expressing at least one meganuclease in a germ cell, fertilized oocyte

20



14 61%i

Exon M di t aGGATAACAGanal

or embryo, fo generate a viable germ cell having at least one inactivaled endogenous Ig
locus. The meganuclease so expressed recognizes a meganuclease target sequence

present in or proximal fo an endogenous lg locus in the subject animal.

[00132] In one embodiment, wherein the meganuclease is expressed in a germ cell, the
germ cell in which the meganuclease is expressed yields a viable germ cell having at least
one inactivated endogenous Ig locus. Alternatively, a viable germ cell having at least one
inactivated endogenous Ig locus may be obtained from an animal derived from the germ

cell in which the meganuclease was expressed.

[00133] in one embodiment, wherein the maganuclease is expressed in a fertilized oocyte
or embryo, the viable germ cell having at least one inactivated endogenous Ig locus may be
obtained from an animal derived from the fertilized cocyte or embryo in which the

meganuclease was expressed.

[00134] The inventicn also provides methods for producing transgenic animals comprising
at least one germline inactivated endogenous Ig locus. The methods comprise deriving a
transgenic animal from a vieble germ cell having at least one inactivated endogenous Ig

locus produced according to the methods herein.

[00135] In one embaodiment, the viable germ cell having at least one inactivated
endogenous Ig focus further comprises an artificial ig locus, and the transgenic animal so

produced comprises an artificial Ig locus,

[00136] In one embodiment, the methods further comprise introducing an artificlal Ig locus
into the viable germ celt having at least ane inactivaled endogenous Ig locus, or a germ cell
descendant thereof or a fertilized cocyte or embryo derived therefrom, and the transgenic

animal so produced comprises an ariificial Ig locus.

100137] In one embodiment, the methods comprise combining a viable germ cell having at
least one inactivated endogenous lg locus, or a germ cell descendant thereof, with a
gamete comprising an artificial Ig locus, and the transgenic animal so produced comprises

an arlificial Ig locus.
{00138] Inactivation of endogenous Ig foci

[00139] inactivation of endogenous Ig 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, feriilized oocytes or emhbryos. Alternatively, expression
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WIld type TAGGGATAACAGGGTAAT [ 00222] For the engineering of

hom ng endonucl eases specific for these target sequences we used a

hi ghly sensitive selection for the directed evolution 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):el1l54, 2005). An in vitro coevolution strategy was
used to engineer |-Scel variants with target sequence specificity. As
shown in Table 2, for target sequence T3, two new sequences, T3i1l and
T3i 2, were sel eedtedoragieicrtié emeitigatregmeckrenad sepakihoflbend expredsert iy edrm

sequence T4, t‘é@ls.ﬁ&ﬁﬂz&%%ﬁgﬁ% dhha) b2 REctddihtd he Wiiee Sel ected as
I nt ermedi at e sequences. The T3|r{ and T411 sequences were cloned into

? Qgpreg fg\r/te | 5' az:lgm% le_é’aégrf%éﬂ%em, méml?@sd\‘ﬁvwéslm@éﬁéémegar?qleas,mﬂ;ﬁin;yd_ iy t
. ; equences | .n ree .st.e . Al eren
nucl eot i des” ar C'ﬂ%ea"é‘%‘i’rf?{%lgjre%f”gb%f P ef@?‘igwﬂéﬁﬁﬁ' %ﬂ'ﬂ:‘ﬁfﬁ?g%@mﬂll
TAGGGATAACACID“R@QEWI%SE encoding nucleic acid or expression construct. For example, see Ryu et al,,
J. Anidral., 28:353-380, 2007; Orwig et al., Biol. Report, 67:874-879, 2002.

[00141] In & preferred embodiment, a meganucfease expression construct is integrated into
the genome of ihe subject animal. Expression of the transgene encoding the
meganuclease in germ cells will result in double-strand breaks in endogenous [g loci and
subsequent mutation of the restriction site. Mating of such transgenic animals resuits in
offspring with mutatedfinactivated immunoglobulin [oci.

[06142] 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, €.g., heat-inducible promoters,
radiation-inducible promoters, tetracycline operon, hormone inducible promoters, and

» promoters inducible by dimerization of transactivators, and the like. For example, see
Vilaboa et al., Current Gene Therapy, 6:421-438, 2008. '

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

the germ cell.

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

gene encodes immunoglobulin .

[00445] In a preferred embodiment, at least two meganucleases having distinet target
sequences are used. The at least two meganucleases are expressed in a germ cell,
wherein the meganucleases recognize distinct target sequenees In or proximal to an
immunoglobulin Jocus endogenous to the germ cell of the subject animal.
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00146} In a preferred embodiment, the first-and second meganucleases target J gene
segments. In one embodiment, the first and second meganuclease target sequences are,
taken together, upstream and downsiream of one or mere J gene segments within the
endogenous Ig locus, and cleavage by the first and second encoded meganucleases
produces deletion of a genomic DNA segment comprising the one or more J gene

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 consfant
region glqene segments, and cleavage by the first and second encoded meganucleases
produces deletion of a genomic DNA segment comprising the one or more immunaglobulin
constant region gene segments. In a preferred embodiment, the constant region gene

encodes immunoglobulin 1.

[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 ah endegenous locus that has been inactivated.

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

producing heavy chain-only aniibedies.

[00150] In one embodiment, mare than one meganuclease is used ta target CH1 within the

ig heavy chain locus,

[00151]In one embodiment, two meganucieases 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.

j00152] 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

chaln.

[00153] Transgenic animals comprising regulatable genomic meganuclease expression

constructs
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T3 re- OTGGASCAGGEf dT T4 reTt GGGATAACAGGWOLAI [ 00224) To obtain
| -Scel nmutants with T3il or T4i1l sequence specificity, nolecul ar

nodel ing was first carried out to identify the residues to be used to
create a focused library via saturation nutagenesis. As shown in
Figure 2, 1-Scel binds to the 3 end of T3il or T411l through a

rel axed loop that lies in the mnor groove of DNA. Residues dyl3,
Prol4, Asnl5 and Lys20 are close to this 3' end and Asnl5 bi nds
directly to the last thymne at the 3' end of the vvild_.ty[i)e

recogni ti on sed®PpdB cpnsaery Hie yIY Bpaidesdirrepgenicrniniels camrysiRgrat iR At s
cont ai ni ng al | rédoetapegsibbit: eegowizhsrakirassion @hstragki N0 aci d substitutions
at these four -sel ect resi dues were constructed by saturation

nmut agenesi s. Tqoogsspetediamsgehic 28imgie are Baeterh frbm Diicfilaporatbrp enithalg pdriicatarly

reaction and DNt RRe QfkEPhaP QuRpRGRIHESSost B ineR) e (. of, iOUGN
several trials. Al 10 nutants was creat ed.

I brary ‘consi stin f
[ 00225] The | i br&PSFwHY g%’%ﬁa@@%}eﬂ'gfvﬁﬁsg? @§'C futants with increased
activity towards the T3i 1 sequence. Con?ared tQ round O %’Wild type
| -Scel ), the fi9P438Tip BRIt eMORHBRRA MR OV RN CRELPHRIPHARSHRE PRFTCr eased
activity towar donstust cPEsesandudiiesxppssioncantdregien tredly rkefde 2 r at e was
i ncreased by 10wfnldbasdbddilBsiic 6f. thh@dyble@rdrésaibd dontDegidn iviedutibly ant s
o round 2 andsdeshonedelithl HRE ol RDEAURIER anird), SRIo Al val rate.

Simlarly, the rary was screened for |Scel nutants wth increased
activity t owar BESTHIPeRedt Flegls b Resenialrsg SR st oo RIS SPAT S

mut ants wi t h | Aterdegsays Eupegopylinfogitef ite whiert a4ma: sequence. 10022611n

parallel, a second library of |I-Scel mutants targeting the 5 end of
t he recogni ti off0E@H\resuatabipasyahediaprrapressiPhecnstiuptprovidesiier minjmizeficest ed

usi ng sat ur at i eyotd¥idleRGRASSLRAVAS elpRetiBiRta RfticlidlaBgan@Sbcttegh

inter a,Ct ' ng W E&tr&llpc?exgrless%ﬂ Qia ﬂguc]tbré%ro%&'éirs, é.HJ..%La@-%:l&c@%%ro(ﬂ'fotersn‘gdia{tibrsc el
recognition se 149 &AéngO,

epnce. Based on nolecul ar nodelin Ir
Tyra21 and AR FETPR e HESHRE Grera, SBUa® PFhBAC By P Bom ey
nucl eoti des. AsfEBi by ginerizafier of iapspairatarsy argitieiker( 7) t hough hydr ogen
bondi ng. Aspl50 and Tyr152 interact T opposite to A(-6) indirectly
t hough a wat er OpFBETapreferef epiaytneptnriraTsaenticaninahel the dyention comprisprdwo
phosphat e backieguable Bantmidritgatcléteisxpleeih doneificR emprizpg two difinctinacidich e

sequence speci fdq6blo¥aifwd a@ﬁ&hggaan&,egéemgsr@ee@%%mmsm& @ béRbhces.

mutagenesi s o nl'i;[ert]werosgeg];r%léllgasgse i% Icom%%gtio\r{\%ﬁctigrﬂg geletté) a é:e%c‘?n% SNE sesgr%gn?g*%n - Scel

endogenous Ig locus and thereby inactivate the same.

i're

mut ant :

[00158] Transgenic animals comprising at least one regulatable genomic meganuclease
expression construct may be made by means well known in the arl. For example, a
transgenic vector containing an inducible expression contral region operably linked fo 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] For random integration, such a transgenic vector can be introduced into a recipient
cell by standard transgenic technology, For example, a fransgenic 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 transgenic vector before fertilization of the
oocyte, Transgenic animals can be developed from fertilized cocytes. Another way to

introduce a transgenic vactor is by transfecting embryonic stem cells or other pluripotent
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l'i brary. [00227] Further coevol ution of these enzynmes results in the
generation of novel nmeganucl eases specific for target sequences in
rat 1gMexons Il and Il (CGITGGATCACAGGEGGTCT and CTGGGATAACAGGAAGGEA)
[ 00228] Engineering of 1-Cre with defined sequence specificity =

[ 00229] For the engi neering of hom ng endonucl eases specific for

novel target sequences we used a highly sensitive selection for the
directed evolution of hom ng endonucl eases that couples enzymatic DNA
cl eavage with the survival of host cells (described in detail by Chen
and Zhao, Nucl &P CeramaResBefigigergigeiphynd subsepuenfioisniing thegeasfisglly meslified
general st at egyflsinordeestgingestimiongAleméivel, afrertsgentc vedtdr (nalcbe bi inechbisaiquence

speci ficity wasiglestdingdageh cSrl berdﬁ&ﬂﬁﬁlbcle%%t@e Je@eﬁcﬁh%& erﬁﬁfbuﬁ%@thérn a
pseudo pallndro recog nlzed

by | - Cr el and rrgLOdgn% {f]l? ;ransgﬁ-zp E vetc%r :BMrodP?eg lnE)Zhe gleno% O¥ %CEE ?% an 3%[6 345_

353) (Fig. 4). de”"f‘U(?Z’é‘@ﬁ‘ra‘i‘ﬂ‘?"?dﬁ'?"c?b@‘f‘:{e?“ﬁ”sf?ﬂ@?“g'gt he direct engineering
of 1-Crel derivatives that recogni ze a non-palindrom c sequence. To

overcome this O8I MergeiReintegiptige sudedamatie vores catibg inffeticddito | ef t - hal f
(upstream hal f pppecpdats jegjbidnt teild duch Gewhrsdnicamchialof Jready difretiatedsongici m zed

for the internggi aa:f@m@@gteaeﬁmlc@ihe Ermﬁ?gn@ﬁgsw fafed ﬂ%'tﬁeﬂéﬂﬁr@f@éncﬁﬁ% the
right-half paI %EF%E‘E Blte E(Pmc?'héu\é rec%m nalog canene sglected bésrs}andarg metlhodo(’jﬂ} N

nmut ant S, Opt im?z

recogni ze the E%EFG%EE”%EME‘?'?@E"%%?I“i"h&?“@'ﬁ?éed “F‘i’??é‘l’ﬁ"?/er upit efSe -9 RPRYISHE'
respectivel y opthrymnizetdm ke, ckllewhichvad btinaied atd@pableof fominglatunffahdd wi | | be
co- expressed t geofdi® Fort HForbae iR becdREHIE AR R onvbMiofidinhi @8 whitisd wan  Of

the left-half %@aq.sﬂa %ge @E@mble\@btege{'ahes(gcg J}%Ju@e%mtéﬁgmm ant

by a pol ypepti LS exa tar get se uence within

exon |V (CAACT@??&??’GA%&E@*%)"F‘W&? dé‘H“fFé “%@‘?ar‘saésﬁﬁé BMegBht i ty
wi t h t he nat urakropusaso@ping inenforsringtiesn (ee.ddr etromietekamatia At | Neisd 1998 el
was identifi edsssSsdyseguentigyels based conattdie an ghpbiriaieyneitm @ad ransteredi C

gﬁze'sl'6w 5\2:_2 tslglgsﬂEHr&"z@@Jecu&éﬁsq)rgEr%Fagl%tlra{ﬁ%gM%bs le}e@ﬁagﬁ]gtﬁﬁggg%er?gTS
(00233} 1 0r o1 PSR oiTen SOE S BB S e e e emcos. 11 10
-9-8-7-6 -5 -4 U’I%Z]?n 1 12345678910 11

one embeodiment, a meganuclease is used to increase the frequency of
homologous recombination at a target site through double-strand DNA cleavage.

.[00163] Transgenic animals comprising artificial Ig loci and capable of producing
antibodies having human idictypes

[00164] In one aspect, the invention provides transgenic animals capable of producing
immuneglobulins having human idiotypes, as well as methods of making the same.

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

and weasels (e.g., ferrets).

[09166] The transgenic animals used for humanized antibody production in the invention
carry germiine mutations in endogenous Ig loci that have been effected by the activity of
one or more meganucelases,- In a preferred embodiment, the transgenic animals are
nullizygous for endogenaus Ig heavy chain and/or endogenots Ig light chain, Furiher,
these animals carry al least one artificial 1g locus that is funclional and capable of
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producing a reperioire of immunoglobulin molecules in the fransgenic animal. The artificial
lg loci used in the invention include at least one human V gene segment.

[00167])In a preferred embodiment, the transgenic animals carry at least one artificial ig
heavy chain locus and at least one artificial Ig light chain locus that are each functional and
capable of producing a repertoire of immunoglobulin molecules in the transgenic animal,
which repertoire of immunoglobulin molecules includes antibodies having a human idiotype.
In one embodiment, artificial loci including at least one non-human C gene are used, and
animais capable of producing chimeric antibodies having a human idiotype and non-human
constant region are provided. In one embodiment, artificial loci including at lsast ong
human C gene ars used, and animals capable of producing antibodies having a human

idiotype and human constant region are provided.

[00168] In another preferred embodiment, the transgenic animals carry at least one artificial
Ig heavy chain locus, and lack a functional Ig light chain locus. Such animals find use in

the production of heavy chaih—only anfibodies.

[00169] Production of such transgenic animals invoives the integration of one or more
artificial heavy chain g loci and one or more artificial light chain |g loc into the genome of a
transgenic animal having at least one endogenous g locus that has been or will be
inactivated by the action of one or more meganucleases. Preferably, the transgenic
animals are nullizygous for endogenous Ig heavy chain and/or endogenous Ig light chain
and, accordingly, incapable of producing endogenous immunoglobulins. Regardless of the
chromosomal location, an artificial Ig locus of the present invention has the capacity to
undergo gene rearrangement and thereby produce a diversified repertoire of
immunoglobulin molecules. An Ig locus having the capacily to underge gene
rearrangement is also referred to herein as a “functional" ig locus, and the antibodies with a
diversily generated by a functional ig locus are also referred to herein as “functional®

antibodies or a “functional” repertoire of antibodies.

[00170] The artificial [oci used to generate such transgenic animals each include multiple
immunoglobulin gene segments, which include at least one V region gene segment, one or
more J gene segments, one or more D gena 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.
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[00171]In one embodiment, the artificial loci used comprise at least one non-human C
region gene segment. Accordingly, such transgenic animals have the capacity to produce
a diversified repertoire of immunoglobulin molecules, which include chimeric antibodies

having a human idiotype,

[00172] In one embodiment, the artificial loci used comprige at least one human G ragion
gene segment. Accordingly, such transgenic animals have the capacily to produce a
diversified repertoire of immunoglobulin molecules, which include antibodies having a

human idiotype and a human ccnstant region.

[00173] In one embodiment; the artificial loci used comprise at least one artificial constant
region gene. For examnple, an exemplary artificial C constant region gene is a constant
region gene encoding a human IgG CH1 domain and rat 19G 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 compéhents.

[00174] The transgenic vector containing an artificial 1g 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 lg locus can be
introduced into a recipient cell by standard iransgenic 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. Ancther way o infroduce 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 fransgenic 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 g locus is randomly
integrated info the genome of recipient cells (such as ferfilized oocyte or developing
embryos). The recipient cells are derived from an animal having at least one endogenous
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for cell survival rates. [00234] In addition, nolecular nodeling was
performed and protein residues that contact directly the DNA
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the action of one or more meganucleases. Regardless of the particular method used, ina

preferred embodiment, offspring that are nullizygous for endogenous lg heavy chain and/or

lg light chain and, accordingly, incapable of producing endogenous immunoglobuling and

capable of producing ransgenic immunoglobulins are obtained.

[00177] For targeted integration, a transgenic vector can be intreduced info appropriate
recipient cells such as embryonic stem cells, other pluripotent cells or already differentiated
somatic cells. Afterwards, cells it which the transgene has integrated into the animal
genome and has replaced the corresponding endogenous g locus by homelogous
recombination can be selecied by standard methods, The selected cells may then be
fused with enucleated nuclear transfer unit cells, e.g. oocytes or embryonic stem cells, célls
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 fransfer 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 meganudease is used to increase the frequency of
homologous recombination at a target site through double-strand DNA cleavage. For
integration intd endogenous immunogiobulin locl a site specific meganuclease may be
used. In one embodiment, 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 [g 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 [ocus.

[00180] Arificial I Loci

[001813 The present invention is further directed to artificial g 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 multiple immunogfobulin gene segments, which
include at least one V region gene segment, one or more J gene segments, one or more D
gene segrments in the case of a heavy chain locus, and one or more constant region genes.
In the present invention, at least one of the VV 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 2 human idiotype. In heavy chain loci human or non-
human-derived D-gene segments may be included in the artificial g loci. The gene
segments in such loci are juxtaposed with respect to each other in an unrearranged
conffguration (or “the germline conﬁgulration"), 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 immunoeglobulins 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 loci

functional.

[00184] In one aspect, the invention provides transgenic constructs containing an artificial
heavy chain locus capable of undergaing gene rearrangement in the host animal thereby
producing a diversified repertoire of heavy chains having human idiotypes. An artificial
heavy chain Jocus of the transgene contains a V-regicn with at least one human V gene
segment. Preferabfy, 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
occyrring 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%-85%) identical to a

human heavy chain V domain polypeptide.

. [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 a fully human light chain.
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antibodies.

[00188] In another aspect, the invention provides transgenic constructs containing an
artificial light chain lecus capable of undergoing gene rearrangement in the host animal
thereby preducing a diversified reperloire of light chains having human idiofypes. An
artificial light chain focus of the transgene contains a V-region with at ieast one human V
gene segment, e.g., a V-region having at least one human VL gene andfor at least one
rearranged human VJ segment. Preferably, the‘V-regl'on includes at least about 5-100
human light chain V {or "VL"} gene segments. Consistently, a human VL segment
encompasses naturally occurring sequences of a human VL gene segment, degenerate
forms of naturally oecurring sequences of a human VL gene segment, as well as synthetic
sequences that encods a polypeptide sequence substantially (i.e., at least about 85%-95%)
identical to a human light chain V domain polypeptide. In one embodiment, the artificial
light chain Ig locus has a C-region having at least one rat C gene (e.g., rat Cx or Cx).

[06189} Another aspect of the present invention is directed to methods of making a
transgenic vector confaining an artificlal Ig locus. Such methods involve isolating lg loci or
fragments thereof, and combining the same, with one or several DNA fragments comprising
sequences encoding human V region elements. The lg gene segment(s) are inserted into
the artificial Ig locus or a portion thereof by Iigétion or homologous recombination in such a
way as to refain the capacity of the locus to undergo effective gene rearrangement in the

subject animal.

[00180] Preferably, a non-human Ig locus 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 fragmenis 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 fo be
contained in one YAC clone. BAC clones are capable of carrying DNA fragments of
smaller sizes (about 50-500 kb). However, multiple BAC clones containing overlapping
fragments of an Ig lccus can be separately altered and subsequently injected tbgether into
an animal recipient cell, wherein the overlapping fragments recombine in the recipient

animal cell fo generate a continuous Ig locus.
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[00191]Human lg gene segments can be integrated into the [g locus on a vector (e.g., a
BAC clone) by a variety of methods, including ligation of DNA fragments, or insertion of
DNA fragments by homologous recombination. Integration of the human Ig gene segments
is done in such a way that the human Ig gene segment is operably linked to the host animal
sequence in the transgene to produce a functional humanized lg locus, ie., an Ig locus
capable of gene rearrangement which lead to the production of a diversified repertoire of
antibodies with human idiotypes. Homologous recombination can be performed in bacteria,
yeast and other cells with a high frequency of homalogous recombination events.
Engineered YACs and BACs can be readily isclated from the cells and used in making

transgenic animals.
]

[00192] Immunoglobulins having a hurnan idiotype

[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
compaosition” 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, microcrganisms, e.g. viruses and unicaliular 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 pneumonias, or culiure supernatant from these bacteria cells.
Other bacterial antigens which ¢an be used in immunization include purified
lipopolysaccharide (LPS), capsular antigens, capsular polysaccharides and/or recombinant
versions of the outer membrane proteins, fibronectin binding proteins, endotoxin, and

exotoxin from Pseudomonas aeruginosa, emerococeus, enterobacter, and Klebsiella

pneumoniae.

[00196] Preferred antfgens jor the generation of antibodies against fungi include altenuated
version of fungi or outer membrane proteins thereof, which fungi include, but are not limited
to, Candida albicans, Candida parapsilosis, Candida tropicalis, and Cryptococecus

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), cytomegalcvirus (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 freatment 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 tréatment of prostate cancer), and 17-
1A molecule (antibodies against which are useful for the freatment 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 accordance with a

predetermined schedule.

[00200] For making a monoclonal antibedy, spleen cells are isolated from the immunized
transgenie animal and used either in cell fusion with fransformed 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
monoclonal antibodies are well established in the art. See, e.g., European Patent
Application 0 583 980 At {"Method For Generating Monoclonal Antibodies From Rabbits”),

~ U.S. Patent No. 4,877,081 ("Stable Rabbit-Mouse Hybridomas And Secretion Products
Thereof"), WO 97/16537 {“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 preduction 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 (1995).

[00201] Once chimeric monoclonal antibodies with human idiotypes have been generated,
such chimeric antibodies ¢an be easily converted into fully human antibodies using
standard molecular biclogy 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, fransgenic animals which lack a functional Ig light chain locus,
and comprising an artificial heavy chain lecus, are immunized with anfigen to produce
heavy chain-only antibodies that specifically bind o antigen.

[00204] In one embodiment, the invention provides monoclonal antibody producing cells
derived from such animals, as well as nuclelc 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 exampie, see
PCT publications WO02085844, WO02085345, WO2006008548, and WO2007096778.
See also US 5,840,526; US 5,874,541; US 6,005,079; US 6,765,087, US 5,800,988, EP
1889107; WO 9734103; and US 8,015,695.

[00206] Pharmaceutical Compositions

[00207] In a further embodiment of the présent invention, purified monoclonal or polyclonal
antihodies 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.

[00208] Pharmaceutically acceptable carriers which can be employed in the present
pharmaceutical compositions can be any and all solvents, dispersion media, isofonic
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 pharmacettical compositions of the present invention is appropriate.

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

thereof.
[00211) Methods of Treatment

[60212] In a further aspect of the present invention, methods are provided for treating 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 enfity” is herein defined to
ancompass any soluble or cell surface bound molecules Including proteins, as well as cells
or infectious disease-causing organisms or agents that are at least capable of binding to an
antibody and preferably are also capable of stimulating an immune response. .

[00214] Administration of an antibady composition against an infectious agent as a
menotherapy 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 commoniy mere than 1000-fold. Similarly, antibody therapy
in patients with 2 malignant disease employed as a monotherapy or in combination with
chemotherapy reduces the number of malignant cells generally 10 to 100 fold, or more than
1000-fold. Therapy may be repeated over an extended amount of time to assure the
complete elimination of infectious particles, malignant cells, efc. 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
continued for extended pericds of time in the absence of any disease symploms.

[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.

[00217] All citations are expressly incorporated herein in their entirety by reference.

[00218] Experimental

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

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 IgM exan 1l
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(CGTGGATCACAGGGGTCT) and the other within rat IgM exon |
(CTGGGATAACAGGAAGGA), These siles share 81% (11 out of 18 bases) sequence
identity with the natural recognition sequence of I-Scel (TAGGGATAACAGGGTAAT).

[00221] Table 1. Target sequences in rat IlgM exons (the different nucleotides are

underlined)

Target Sequence Similarity position
T3 CEICGATEACAGGGETGT 61% Exon Il
T4 CIEGGGATAACAGGRAAGEA 61% Exon [Il

Wild type TAGGGATAACAGGGTAAT |

[00222] For the engineering of heming 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 vifro coevolution strategy
was used to engineer 1-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, T4i1 and T4i2, were
selected as intermediate sequences. The T3i1 and T4t1 sequences were cloned into the

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

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

Step1 | T3i1 TAGGGATAACAGGGEIET | T41 | TAGGGATAACAGGGEGER
Step2 | T3i2 CETCCATAACAGGGEIBT | T4i2 | BIGGGATAACAGGARGGE
Step3 | T3 CETGGATEACAGGGETET |T4 | ETGGGATAACAGGRAGEA

[00224] To obtain I-Seef mutants with T3i1 or T4it seguence specificity, molecular
modeling was first carried out fo identify the residues to be used to create a focused library
via safuration mutagenesis. As shown in Figure 2, |-Scel binds to the 3’ end of T3i1 or T4i1
through a relaxed loop that lies 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 library,
the ligation reaction and DNA transformation procedures were optimized through several
trials. A fibrary consisting of 2.9 10 ® mutants was created,

[00225] The library was screened for [-Scel mutants with increased activity towards 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 T4i{ sequence. :

[00226] In parallel, a second library of I-Scel mutants targeting the 5' end of the recognition
sequence was designed, The first library created using saturation mutagenesls was
focused on those residues interacting with the 3’ end of the four nucleotides of the I-Scel
recognition sequence. Based on molecular modeling, Trp149, Asp150, Tyr151 and Asn152
lie in the major groave formed by the 5 end nucleotides. Asn152 interacts directly with T(-
7) though hydrogen bonding. Asp150 and Tyr152 interact T cpposite to A{-8) indirectly
though 2 water moleculte. Trpi49 and Tyr151 interact with the phosphate backbone. Thus
these four residues are Important to the sequence specificity of 1-Scel and simuftaneous
saturation mutagenesis on these four residues was done o create a second -Seel mutant

[ibrary.

[00227) Further coevolution of these enzymes results in the generation of nove)
meganucleases specific for target sequences in rat lgM exons Il and 11}
(CGTGGATCACAGGGGTCT and CTGGGATAACAGGAAGGA)

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

[00229] 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 ¢leavage 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 |-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-Cref and may be difficult to be altered {J Mol Bicf., 280, 345-

383) (Fig. 4).
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ORSOLSR RSODLTR TGEKP TGEKP [00238] DNA encodi ng ZFPs were cl oned
into an expression vector. Rat C6 cells were obtained fromthe
Anerican Type Culture Collection and grown as.reconmended in F-12
medi um (I nvi trrogen) supplenented with 5% qualified fetal calf serum
(FGCS, Hyclone), 15% horse serum (Invitrogen) and 5mM gl utam ne. Cells
wer e di sassoci ated from pl asticware using TrypLE Sel ect protease
(Invitrogen). For transfection, 200,000 C6 cells were mxed Wth
400ng plam d DNA and 201.tl _ Anmaxa Solution SF. Cells were

transfected in EMW@%@ON&?'W@J@@@ Q:rectlehglégrﬁﬁ B#I%réi’t?én%ve%rﬂﬁg%@agﬁm hr ee

2nd i ne days. phapep bttt WY Mor® WS eR ebes sifies ErnbisBs orm
DNA was prepar e t°5f§tthﬁ'§(“%f“ﬁfi"@l@ ap fghishatl (dQwsireamding -oreliEpitinized odthe  The
appropriate r eghigimedigte sdgeenteyivf holetialinalipdrbtteRina e kigH-haighalisiong Accupri me
Hi gh-fidelity DbhepiodiyFiras)e ThdnWd Lo gRRMs, oﬁﬁﬁeé RARE RIS YRIHd1eat ed

to 94, then graguahye tely 200ng
of the anneal ed_ DN wé&?@e%o%née?ﬁétﬁ@%&%@%@@{ me Fﬁﬁﬁégéﬂ’n@ ggenom c)
and incubated 0 cfbeyrﬁpmfe Oor le-haff-7gd thirbdng Aght-ba wi P%&Eré’fpéesmﬁoéﬂea‘ﬁéhwzed
by pol yacryl armi't@[eet geitenss: de eqdigptypiensdf the jefi-hdifepnizes mbentattiethERRaIUf f er .

A typi cal exanpbiémicemomstby abdlypepticd IRRY ’GRan@eli Vity is shown in Figure
6. [00239] Generation of rats with inactivated endogenous heavy

chai n | ocus usi[wg3 X piecsh@AceWidis aioﬁln\ﬁ(caﬂ@ﬂﬁtrlﬂ@r@\d&%ﬁ*éééﬁﬁa?Qhares

[00240] A cDNA %%Q%Qﬁe%ﬁ%fﬂgheanam?agfenéﬁg% Vﬁaé%cguenco e?h%r?gcﬁ?gqngclease It— &

exon is cloned J Lo £ %% Si on vec

control l ed by £fe et ?”é E;éc PRSP FaRe0 PN S8 dsaihcd. Pa'Pﬁra@mbasewmm te
linearized by PEPHIGR!i'gert ergpime. Mlogwestenan Enehdpls; ivieieeshlecBaitas angyt €S
are fertilizedssgwé¢rhesspecra éngherriigat S Wi th a transgene encoding a
tetracycline-responsive reverse transactivator. Purified plasm d DNA
i s injected injoozgari@neiedgniin sSdJ@rkbeEﬁfztthrbét%%genEét oocytes.
Subsequent 'y, Tat s ygsTare a..sfg“;c o—+oster—nothers and
brought to Term e R, AT araty et for IO p.%s%'*‘“l of

meganucl ease- enCREREET T e

sanpl es. Mab@st FEatr i T OQL Ul
when they reachE8agy EXPFeaE B aSH ol 11
transgeni c .af G o cdal bys & xﬁ?ﬁ??st?gg_ﬁ G d@&ycycfjliie
for one to P§@V‘éﬁ’“ﬁaV‘S“"B“tSlfb'seeﬁquesnwryenrn@peqem is collected twi ce per

~week and anal ypedahye tﬁg'a’rgeﬂ\éeéﬁnca@%@ldsrs%%%ﬁé Ho FEF’&@E;: (f‘ém%P‘?F m ar§

used for bree

PCR anal ysi s géré}%:ene%‘ﬁ, aQnEd mﬁ o 66%21 _j"dﬁur‘fﬁri‘ﬁqt?&‘?’l‘ﬂﬁ‘fth"‘i’Q‘I’EUWUP'ESh

i nacti vat ed eltffydiResed WQW)FW firetip s By sripatierivtpreis evaiated for cell
fertilized oocytieatramst h pl asm d DNA encodi ng a specific neganucl ease
[00242] A cDNA sequence encodi ng a meganucl ease specific for a rat gs
exon is cl onedoo2 b aditio Xle.is MOARINEERE PirfoMaE Bl PR Bskib ARkt bshtact

cont rol | ed by drday {/SkDs.000% G (BhlfLd !n%gdnﬂmémgqu% hiSmieact N ECt €d

into pronucl eig 0f {aef{) I s. Subse y, rat enbryos
are transferredﬁl o rf'o‘gtloecf) evo'”??? erx%e”éﬁgs brought to term Newborns are
anal yzed for -the presence mutated |1gM exons by PCR and direct
sequencing. Alternati Wekeyn;eslammfahtsrammﬁzagdaesng cells with nmutated | gM

exons are idemtTfTetby romof—heatet—aRa—esel-ed—RCR-pr oduct s
with GEL-I en.(?Lur@__a.ra.d_sl.l.z@y_‘?_q.u.en_];_%Illég gel el ectrophor BEPEeSey ai s 1. A
met hod of genefdbi-hg a r 846andBApri si ngN-Ts6-L Q26, K28 and R68

Secom!.l half.

YN-TS5-Ril R68, R70 and D75 YN-TS6-Ril Q44 and R68
YN-TS85-Riz Q26 and K28 YN-TS6-Ri2 N30,Y33 and Q38
YN-TS5-Ri3 N30,Y33 and Q38
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(A) injecting into arat germcell, rat fertilized oocyte or a rat
enbryo, a neganucl ease specific for 1g gene fragnents in heavy and/or
| ight chain | oci endogenous to the rat, wherein the neganucl ease

i ntroduces doubl e-strand_breaks into said heavy and/or |ight chain
loci; or(B) injecting into arat germcell, rat fertilized oocyte or
a rat enbryo, an expression vector or nucleic acid encoding a
meganucl ease specific for 1g gene fragnents in heavy and/or |ight
chain |l oci endogenous to the rat, wherein the neganuclease introduces

doubl e-strand bpeakSubRie i e
rat which is ”“52.- i ASuisRd “@%‘g ég%ﬁw' s deheﬁ:l?éd aﬁé‘?c!r Boed 408 Cre!

0
endogenous heav¥ aﬂ&égw] nwewargﬁt seql"%'éce?’ﬁm&gaﬁ °g‘f"??d’”ﬂ1?f981‘zéi'?‘?ﬁ rES“”S n°
conpri sing an &P $oP¥RICAPT PYehTRGERIBISES SPRCITE 15 tefasicsmeencs withiinexon Bitof rat
accordi ng to cliaW(BAACToNECEEAGGdresTacGLficial 1g locus is an Ig |ight
chain locus and/or a Ig heavy chain locus. 5. The rat according to
clai m 3, wher eiifp28d)Engitetring bicinatingbi@utifyesss conpri ses an |1 g | ocus
conprising fragments of human and rat Ig loci including multiple

i munogl obul i n [EesRZIEEHER Bloins ezpiv'u%aieé@ﬁeméb%rnﬁlsshuen(cwen@ok, 5%@@& one
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segnment ;  and/ Onrbrdtn) reg¥it Aflakish o &%P&m%ﬁhe%%{%ﬂih?a%&o?d B8l ¢pept i de

sequence hat LichibE Lol ST A e o Tl
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accordi ng tgﬁ%nm%ﬁ.,equm“' nﬁ:‘g:r:: qﬂnm bl e _of odu0| n
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any of clai % 3 O FAMt h SHY MInsgeressy | ipsiR sodratsi ng a nosesd onade

ant body pr RICTREE LT HEINCE DA el neiingEtnaroan ey

produci ng cebd producesr a @wrOCkonal @Rk bRslién t BaksaSPEC! T i futl ¥
to the i mmﬁgperfmwmg% |§Wl§*s| n%gmtRhe?smmow@nalmsalmtl body peeduciag
cell to pr ’iLsIthﬁW“r h&E &I FRi cal |y BiEAds  traxe

t he i munogen, or using the nonocl onal antlbody producing cell to
produce a hybrlPH8HRNG etchdingtvgPs wrodeneebtorh expresso b dat Gaeishaey and

usi ng the hybrdotinemieaehd Arteticad MA@ Wakird CReBNAE HoIAs, ré!%duQQQMn 92 A
met hod for pr Qﬁgdﬁhr(‘lg\nl%gw Eljerpé?néld ww}: QB@XCI %@{;&BIF e?um&wu E’c}oﬂe)”{gs'nl zing

the rat accor %rsg

i sol ati ng a nonoc e(r)Un @W WB‘B%%””‘E)?'E}WE‘? ﬁﬂ’SE’%rFF'sﬁsFQﬁﬁieﬁﬁ‘é" plagficwifer ei n
t he nonocl onaltsBhtYRbBd5eghpretease iInvdrogss). Forfremsitative 2060000A odlk eeramixant i body

t hat speci fi calith §oohd praksd D 4nb Q0L FFRIRCBRAGN s(rl ¢éuéwére$t%§édze9% dapExd he
nonocl onal anwua&%‘étoﬂr%%b Op gnjfrk‘l st‘Fggagﬁ)acrte%O%afed |na{ !lbOd nucl ei

acid_whi ch encod ﬁ NONOC dP2¢i Y%l 1y binds to
t he i munogen:*"&1’4° ?dv kTSR ﬁ’ieé aﬁ%ﬂ?ﬁﬂa&?&ﬂ tf%[ﬁieF*BbEPyS Wichaslestetaci d t o
produce the nﬁ?fb‘@l°5‘ﬁsé’i“a'éﬁ\‘e‘\l“f§®Erypamazsmgsqa@mkﬁxt@atlaoymob|1ﬂ@3ncb:ﬂreL mee

i Munogen, wheprgipriatopyibrom ek gy iichewasreaehenal usﬁ@Ach&iﬁtyHlaﬁ.ﬁdeﬁy Buygan

i di ot 10. itr e adually co
Icolrrgr?/g?ng (|ﬁy"f%r€ﬁﬂzt{3%h p‘a@g%bdgglc%(gr Q&émf[?gh aﬁrd ky Gﬁ%tﬁﬁ’orﬁ to 7

with an i mun&GRHEME; ﬁp)?m’f"g%?'%%‘)%)f He ﬂ’iﬁﬂ%‘%f‘l Wéﬁas @HQQ%GW%WQUM ng
cel | from t heenzgte (Riresgeiomict dnd inowbaie e looXtahinued ki 420 dyaciih @fbdsh@rL el |
produces a m%@i&@%oly@ﬂ&lérﬂ%l diddRdon SRRG 'I)d e Hré/te-gb'%\dbgffetr%tgp ieal. ng

i mmunogen; (i gnal anti y pr
cell a nnnocl%%awb§%°%% d@cmm' ‘?8%bgqﬁwﬂﬂféﬁe@ncodes t he monocl onal
anti body that specifically binds to the i nmunogen; (iv) nodifying the
nonocl onal anti body nucleic acid to produce a reconbi nant nucl eic
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12. A cell obtainable by the nmethod of clainms. 13. A transfected cel
conprising a nucleic acid encodi ng the nonocl onal anti body defined in
claim9. 14. The transfected cell of claim 13 producing a fully human
nonocl onal antibody. 15. An isol ated nucl ei c add encodi ng the

nonocl onal anti body obtai nable by the nmethod of claim9, wherein the
artificial locus conprises at |east one human J gene segnment. 16. An
I mmunogl obul i n conprising a pol ypepti de sequence encoded by the
nucleic acid of claim15. 17. The inmmunogl obulin of claim 16, wherein
t he i mmunogl obUPd2ps] Rewragionbrastvdnbaci@ed pralggeopuswibave thaindcgselsingt ed from

(1) a rat consteagtbssin 5i8gHid® Bacofy LfbedHdciddst 1 ficial constant (C) region,
wherein the artificial constant region is derived from human and rat

constant regi 03@24[9@Eﬂ)r@f€%hde¥ce\@,ﬂ&ﬁiéj e(‘m%glgﬁlcl@éste Ishdcffid B l’ét@i AW Me1as a
human 1 gG CH1 main and a rat | CHZ .and omain. 18. A
transfected celT° TSHAPFTSS ‘f?{jmrt"ﬁére%’f?éﬁs@?“ds Gl e e o1 q‘Elteé’FWf"f%‘.’peT@.r The
transfected celspaugicedllaamhPh isfipegerge Pyvgstietinensyine Higepien andprgtaddisll -
ant i body. oocytes are fertilized with sperm form rats with a transgene encoding a tetracycline-
responsive reverse transactivator. Purified plasmid DNA is injected into pronuclei of such
fertflized rat oocytes. Subsequently, rat embryos are transferred into foster maothers and
brought to term. Newborns are analyzed for the presence of meganuclease-encoding
tran‘sgene by PCR using DNA isolated from tissue samples. Male transgenic founder
animals are housed for four months when they reach sexual maturity. Expression of
meganuclease in transgenic animals is induced by daily administration of doxycycline for
one o seven days. Subsequently, sparm is collected twice per week and analyzed by PCR.

Male animals producing mutated sperm are used for breeding. Offspring with mutated rat

Cu are identified by PCR analysis of tissue samples.

[00241] Generation of rafs with inaclivated endogenous heavy chain locus by microinjection
of fertilized oocyles with plasmid DNA encoding a specific meganuclease

[00242] A cDNA sequence encoding a meganuclease specific for a rat Cu exon is cloned
into an expression vector where expression is controlled by the CAG-promoter. Purified
plasmid DNA is is injected intc pronuclei of fertilized rat cocytes. Subsequently, rat
embryos are transferred into fos‘ter mothers and brought to ferm. Newbdrns are analyzed
for the presence muiated IgM exons by PCR and direct sequencing. Alternatively, animals
containing cells with mutated IgM exons are identified by incubation of heated and cooled
PCR products with CEL-f enzyme and subsequent gel electrophoresis.
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Claims

A method of generating a rat, comprising:

(A} injecting into a rat germ cell, rat fertilized cocyte or a rat embryo, a meganuclease specific
for Ig gene fragments in heavy and/or light chain loci endogenous to the rat, wherein the
meganuclease introduces double-strand_breaks into said heavy and/or light chain loci; or(B)
injecting into a rat germ cell, rat fertilized oocyte or a rat embryo, an expression vector or
nucleic zcid encoding a meganuclease specific for Ig gene fragments in heavy and/or light chain
loci endogenous to the rat, wherein the meganuclease introduces double-strand breaks into
said heavy and/or light chain loci.

A rat which is nullizygous for endogenous ig light chain loci and/or endogenous heavy chain loci.
The rat according to claim 2 comprising an artificial immunoglobulin (g} locus.

The rat according to claim 3, wherein the artificial Ig locus is an Ig light chain locus and/or a Ig

heavy chain locus.

The rat according to claim 3, wherein the artificial Ig locus comprises an Ig locus comprising
fragments of human and rat Ig oci including multiple immunoglobulin gene segments,
optionally wherein: (i} at least one variable (V) gene segment is a human V gene segment;
and/or i) at least one diverse (D) gene segment is a human D gene segment.

The rat according to clairm 5, wherein the human gene segment comprises: i} naturally occurring
sequences of a human lg gene segment; ii) degenerate forms of naturally occurring sequences
of a human Ig gene segment; and/or iii) synthetic sequences encoding a polypeptide sequence
that is 85%-95% identical to the polypeptide encoded by a naturally occurring sequence of a
human Ig gene segment. J

The rat according to any one of claims 3 to 6 that is capable of producing immunoglobulins with
human idiotypes.

A method for preducing a monoclonal antibody, comprising: (i) immunizing the rat according to
any of claims 3 to 7 with an immunogen; (i} isolating a monoclonal antibody producing cell from
the rat wherein the monoclonal antibody producing celt produces a monoclonal antibody that
specifically binds to the immunogen; and (iii} using the monoclonal antibedy producing cell to
produce the menoclonal antibody that specifically binds to the immunogen, or using the
monoclenal antibody preducing cell to produce a hybridoma cell that produces the monoclonal
antibody and using the hybridoma cell to produce the monoclonal antibedy.

A method for producing a monoclonal antibody comprising: (I} immunizing the rat according to
any of ciaims 3 to 7 with an immunogen; (ii) isolating a monoclonal antibody producing cell from
the rat wherein the monaclonal antibody producing cell produces a monoclonal antibody that
specifically binds to the immunogen; {iii} isolating from the monoclonal antibody producing cell
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10.

11,

12,

13.

14,

15.

16.

17.

18.

19.

a monoclonal antibody nucleic acid which encodes the monoclenal antibody that specifically
binds to the immunogen; and {iv} using the moneclonal antibody nucleic acid to produce the
monocional antibody that specifically binds to the immunogen, wherein optionally the
monoclenal antibody has a human idictype.

A method for producing a monoclonai antibody comprising: (i} immunizing the rat according to
any of claims 3 to 7 with an immunogen; {ii) isolating a monoclenal antibedy producing cell from
the rat wherein the monoclonal antibody producing cell produces a monoclonal antibody that
specifically binds to the immunogen; (iii) isolating from the monoclonal antibody producing cell
a moneclonal antibody nucleic acid which encedes the menoclonal antibody that specifically
binds to the immunogen; (iv) modifying the monoclonal antibody nucleic acid to produce a
recombinant pucleic acid encoding a fully human monoclonal antibody; and (v) using the
recombinant nucleic acid encoding a fully human monoclonal antibody to produce the encoded
fully human monoclonal antibody.

The method according to any one of claims 8 to 10, wherein the method further comprises the
steps of: i} purifying the antibody; and ii} admixing the antibody with an appropriate
pharmaceutical carrier suitable for administration to patients.

A cell obtainable by the method of ¢claim 8 .

A transfected cell comprising a nucleic acid encoding the monoclonal antibody defined in claim
9.

The transfected cell of claim 13 producing a fully human monoclonal antibody.

An isolated nucleic acid encading the monoclonal antibody obtainable by the method of claim 9,
wherein the artificial locus comprises at least one human J gene segment.

An immunoglobulin comprising a polypeptide sequence encoded by the nucleic acid of claim 15.

The immunoglobulin of claim 16, wherein the immunogiobuiin has a constant (C) region which is
selected from (i} a rat constant C region, or (i} an artificial constant (C) region, wherein the
artificial constant region is derived from human and rat constant regions, optionally wherein the
artificial {C) region has a human IgG CH1 domain and a rat IgG CH2 and CH3 domain.

A transfected cell comprising the nucleic acid of claim 15.

The transfected cell of claim 18 producing a fully human monoclonal antibody.
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