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APPLI CATIONS [001] This application clainms priority to

U S. provisional patent application serial no.

60/941,619 filed 1 June 2007, and U.S. provisiona

pat ent application serial no. 61/044,324 filed 1 1

April 2008, which are incorporated herein in their

entirety by reference. SUVWARY COF THE | NVENTI ON [ 002]
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ogenous
therapeutlcs Human ldtotype is an especxal!y !mportant conSIderatlon in respect of

monoclonal antibody therapeutics, which consist of a single idiotype delivered at relatively
high concentration as opposed to the variety of idiotypes delivered at lower concentrations

by a polyclonal antibody mixture.

[005] While a number of approaches to producing humanized transgenic antibodies in

non-human animals have been described, one major problem encountered in many such
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host animals to address this problem However, the

functional inactivation of imrunoglobulin genes
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mature B-cell. During B-cell development isotype switching in the mutated endogenous

locus may result in a B-cell expressing endogenous immunoglobulin. Accordingly, such
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locus may result in a B-cell expressing endogenous
i mmunogl obul i n. Accordi ngly, suchnutations are

wo pwafifiogi ent for the conplete inactivation of PCT/US2008/065419
endogenous i mmunogl obulin expression in animals with
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heavy chain locus. In a preferred embodiment, the transgenic animal has both
endogenous Ig heavy chain loci inactivated and accordingly does not carry a functional

endogenous Ig heavy chain locus.



endogenous | g heavy chain loci inactivated and
accordingly does not carry a functional endogenous Ig
wheasysoBai n | ocus. [0013] I n one enbodi ment, tPET/US2008/065419
transgeni c ani mal conprises an inactivated endogenous
g Iight chain locus. In a preferred enbodi nent, the
transgeni ¢ ani mal has both endogenous Ig |ight chain
| oci inactivated and accordingly does not carry a
fu onaI eno 0
@ eln rog%erré (agng W2 ttrargslgﬁn 9%1\1%% Isgaté%s%s %ﬁﬁ’a%{apﬁg]eﬁéosggpous lg
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gefrpEgdnic@imal, which repertoire of immunoglobulins includes immunoglobulins having a

human idiotype and human constant region.

[0021] In one aspect, the invention provides descendants of transgenic animals of the
invention. In a preferred embodiment, descendants comprise at least one artificial Ig locus

and have at least one germline inactivated endogenous lg locus.



vi abl e germcells having at | east one endogenous Ig
| ocus that is inactivated. [0023] In one enbodi nent,
W@ amk/15108nsgeni ¢ ani mal s conprise a genonmi ¢ PCT/US2008/065419
meganucl ease expression construct, preferably a
construct having an induci bl e expression contro
regi on operably linked to a neganucl ease-encodi ng
nucl ei c acid, wherein the encoded nmeganucl ease
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anbtmwl s of the invention. [0027] I n one enbodi nent,
the invention provides nmethods for producing
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on[eoism autferanly,ed cedvdogen guscut § ileotasd insa pisantigdna cplf, oditie germ
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e n_%gt'ngg 'ﬂaptnv&l@?thg ?Jrérgtéggé locusqn thE Béﬂn éé’h h@J%by ;Eroéiu%mg a viable
|
germ cell having at least one lnactlvated endogenous Ig Iocus Such a germ cell having at

least one inactivated endogenous lg locus is used to produce an animal having at least. one
germline inactivated endogenous Ig locus. In one embodiment, the germ cell, or that which
it is combined with, comprises at least one artificial lg heavy chain locus. In one
embodiment, the germ cell, or that which it is combined with, comprises at least one

artificial Ig light chain locus. In one embodiment, the germ cell, or that which it is combined
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artificial Ig light chain |Iocus. In one enbodi nent,

the germcell, or that which it is conbinedw th,
weowpnswes at | east one artificial 1g |ight chednubmosiess419

and at | east one artificial Ig heavy chain | ocus.

[0029] In one enbodi nent, the nethods involve

i ntroduci ng a nmeganucl ease expressi on construct or

nmeganucl ease- encodi ng nucleic acid into the gern1ce|
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st epredfion dvdstaich ghiex@ireasss@an exfressiag control region operably linked to a

ner%@%lr{%l%gé gnc%glﬁé)ﬁuc g‘SHClneé &ef@r@éo@rﬂb@ds%@ﬁ tggéemnccgll cl:omprlses

ction Is done In viv
andt 'nw'b@reswmwmanucf'%?aﬁ BTSROT gonataﬁbaﬁdﬁhW%t'Poas Meone
e mhading@riressioh ef tgemaganedidaseompting egle® agigirohe germ cell. In one
ne%bldmeﬁtaﬁwg Mﬁflﬁ\%l\@rﬂeﬁé%tﬂe@gp  of Mu&@ eQ&g&fo'n EHe AN

expressi on control region that exh s_germ
celNPUasiRast-FeoodRg P‘{FietC;?C'd[”b‘G%iﬁrmﬁé‘édP o g ciafegon 1s
mayonb é vikee th dnothgesmenoditnentainduetich imdrined vittean erg eatoodimerdtthe

on erﬂ%él[@o‘xﬂaﬁse's %%@ﬁdﬂ%@&n%@gé@%§oﬂ Qan\l;t%ﬂﬁhlcl’;rmp%es an

an nprise. on ; L | oci or
ma?f(pfﬁés‘%“r %g‘ééegi‘oﬁ S ﬁ’%‘lb't“i %e”aéﬁus?pﬁf‘éc L an| mal s
conprising at least one artificial 1g |locus. [0032] In
an[0as1] eResaltanyeerm s diapba tisedtiheenatsterrad 1ianing| Rasiag at least one

' n&é'nqm"lé%aﬁﬂla%d Buaad %a&@s emrﬁ%ﬁin@nn@%ﬁ]bf ééQine Grf more
T BT 5 DBl e AP B one
haamM@Maﬁmmeast one inactivated Ig locus in the

resultant founder aninmal. The founder ani mal can be

U S Ebd?ﬂt] Oin @ BRSrdiee édiboliméntaihe AMihoAvdeg intbdUciBa @ megareiclease
?ws&%a%/ongtruc c%%teggnugeasg-%ﬁ&%}ﬁé mlmgeté ?c?ﬂﬁ‘to FT%WIZ%%I o]ocyte or

rrawitmo adesacseling A vigblegermice!l brvine eHpest §fﬂfdhacﬁ\fﬂ"%$ @CUS i the
C ORBHaSt fE\Gd@tanh@AShe OlRIednindl tah taluséDto lgertitde arf D03Bhal having

one enbodi nent,. the arge

pr %ts[eag?one ermhné machvate%%%?%b%%u? Igc:l}es g’ge %%?Wﬁg%gorﬁp‘? fe one
one reaib e 'qﬁb'ﬁthC' Y IEY R HAPRGE Nk tq%f‘@’@? Su@FBIRsSONgrising at
pr eefBhe artFicRlNge@xi mal to an i nmunogl obul i n const ant

regi on gene segnent. In a preferred enbodi ment, the

Cofbﬁéﬂn% nh@%ht%rc} n'%ﬁtnf%e %ﬁ%gléas'ew QQJuQR&é'lé pﬂes@ht uE Qr%&]mal to

t he net hods involve screeni ng germ
ce?PQaF§P@V$ﬁblllty and
[0034] In one embodiment, the meganuclease target sequence is present in or proximal to
an immunoglobulin constant region gene segment. In a preferred embodiment, the

constant region gene encodes immunoglobulin .

[0035] In one embodiment, the methods involve screening germ cells for viability and
inactivation of an endogenous Ig locus. In one embodiment, the methods involve screening
germ cells for the presence of an artificial Ig locus.
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i nactivation of an endogenous Ig |ocus. In one
enbodi nent, the nethods involve screening germcells
wo eoostiswespr esence of an artificial g | ocus. [ OBGGPS1008/065419

nmet hods herein, the crossing of animals is preferably

bet ween ani mal s havi ng i nactivated endogenous loci, to

generate animals that are nullizygous for endogenous

Ig Iight chain and/ or endogenous | g heavy chain.
[ﬁ‘g‘}ﬁﬁ Sg mte r ecef'ee:n(j#heeg:roggpogémma S lsrf)reg‘?ragﬁegqugeﬁ anima Shﬁ%&dng

mlg@hwde%lsi@eﬁ@@d@n imerategelmhdhqﬁﬁrgahlum%é@ eﬂ%gg@vs lg

S EGHEIMEIR all/&SBMgehdls f he@¥yohbiABl to the endogenous |g

| ocus and sel ectively cleaves t he endogenous I g | ocus

df’@?:bﬂel e?JPre% Erﬁbgdlré UE hARS SoRY bss B e §f| o Loond

rom rst nmeganucl ease, her eb Yy
i TARIENVAREEH gThstsecroea@teQ%H@eaéﬂ %@%ag sqgnd @&%UC’T%ﬁsaaet
| Nsequgpcebresaneidl oeprbordainent endobenogeigmcoedrd selberpely slesveathe
S e&%ﬁéjengl%qg mc&s tE‘Q%%F‘Mﬂ st n?e?égrq L%%ﬁée%t &%Qﬁé Gitmtefrom that of

an expression-control region operably
| i g dgt mwawc@é%eoﬁereﬁwa% PealdeaskiesarNg Mat 'j1e aci d.
In a preferred enbodi nent, the expression contro
r eo3s) 'h & paferiet ducidhent, memeerseéll&nmm@m @ sdcomoeggnomic  and

t hrﬁedéﬁ&é@lge &Metsagr{ coh&HE{ &vﬁ%cdnﬁ%&%'aﬂ gx&é%@k@@&hr@lﬂeg@én
he 'second ganuc| ease- encodi n

PRl R e R LS Sl
pr echediedniathe exdrasgiet batromedidn i¢ areinduicibistexpregrion settwbrsegion, and

S etlhg Fﬁ%ﬂhl&? uMhér @@ﬁﬂrﬂsé@aﬁcﬁms,mé %rés@&gﬁ’tﬂ?edsel:&dln%éﬂ%ol‘eé‘setéﬁ@odmg

ge I
7 GHERE P N HRISE R BSTPHANLT e RHPEL SPOULTocE e rocuced and
s etogatitkr widgtan fis| rearseucEAsD d¢ ienvanlicdativatesdl tergptad totiecugiartin

Ceé;érm céln h@cﬂﬁ% eﬁﬂp&gémm meth&fé%%ib@%péa‘im@ﬂ@ 8tep Bf lNdubleg I'n
one enh nducti on

O Saraa i Fohiont BE R s P sk e s ok Plio s,
c osngtodiment, odurpier is éneamviex pr ewsimbpdivenitindyktion égdoointvitigt In

eX$HeRhdbSqidett %&@céﬁd%@ﬁ&hlé h@gaﬁ%léa\éé Eﬁbresb@:@&%]strdcfbo&ﬁnses an
alternat|ve

[

i nPPEEI Cr?@” re§l§’8 gﬁnge’%?@&sﬁd? n%' S§8°'%)?ﬁ€"é§$l on construct
or second neganucl ease-encodi ng nucleic acid into the
gelopist dh bn alfep iG] emMbadigpnthe apthedsiinvelve iieriringasecoithe
n%é@ﬂ&léagé/&lphé@sm%hél@Uﬁr B&toRd 560 ks gaRbtied RBRE acid into

ﬁre55|op construct or second neganucl ease- encodi ng

F&YC5cid into a fertilized oocyte or enbryo and

generatlng a viable gern1ce|| having at | east one
i N840 Vaeedtergtiyespedimpntt themptaadsiitvaie ntreflyAa@? secAtdral
TheedaLnaes exprissidy coagtiuctie setsadimégangesaes-atcediaginuelelt acid into a

an}‘l r[{rﬁzedla erbg r‘ﬁﬁr&é S%Sdﬁ)]qultﬁg %%HL &ﬁw dep ﬁﬁ/‘fh‘g%@k&g one mactlvated

ogenou anl nprise on
orlg fASEEn ﬁretr?wlt%ﬂﬁ fepndeganingti The fouReRy aw@a'é%g%&fd t‘hgeﬁi*ra@ra” F1
t cargenesaiget Bak bnegermiak mactvapd exiopenoad [glleeas tThe ¢ animal may
‘rjlré:olmfplrlsceI o%le oxl rgorla 88;H§a| Ig loci or may be crossed in order to generate such animals

comprising at least one artificial g locus.

[0041] 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 downstream of one or more J gene segments within the

endogenous Ig locus, and cleavage by the first and second encoded meganucleases
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[0041] In a preferred enbodi nent, the first and second

meganucl eases target J gene segments. |In one
wepdsdsrwent, the first and second neganucl easePCHUSINS/065419

sequences are, taken together, upstream and downstream

of one or nore J gene segnents within the endogenous

g |l ocus, and cl eavage by the first and second encoded

nmeganucl easesproduces del etion of a genom ¢ DNA

SeguR[iks GHIBK b1

[ 0042 In anothé%ggﬁ%gggﬁgﬁf%t&ﬁ%ﬁgﬁiﬁf&gﬁﬁﬁgg%gﬁﬁe

metf8ii¢Peases target constant regi on gene segments. In

one enbodi nent, the first and second nmeganucl ease

t alogédl s eonien emodiment, thegkas And tpgetdieaoanugigetes éaigat aengtant region

doy¥hs kE@aMsOfin HR@MBEIRBH: 8hd mnén@géc@rmmganmag Rkt sequences

r egrl qgkeg?(’getggregpngggmséndadgwnsqregr%\é e or X]Oﬁeqﬁ e&moa%ﬁuh}g constant

secon anucl eases uces
gefsoiad een@rqﬁer@@mﬁd@m ol éherﬁlgst aiideseennd emoderbm@anucleases
i nm;lmgd &waria a ac‘g@ﬁkﬁrﬁl@DNA @&gieafbog@n@wga&gémr& Sworehrﬁmanoglobuhn

Pr ceongtant re(goon gene segmf}réfm i’e(%erreg WBO r eélrtfgencr?gg?rﬁ regron gene

ar@ﬁﬁ%@ﬂ@mumﬁbbmﬂsed conprlse at | east one human V
gene segnent. In a preferred enbodi nent, an artificia
| grob4sg us meoBd heB@s tHel a)tifitial Vbl @@t odmndnisd atMghsiadne heasi v gene
hu odi :

o e, ERPAIER RO P LI B oy i
on@ 5Pt 376 Peman \jeaqe s FCRAinghgeriine oy hy@ﬂr@“&‘edrwfné” V region
C oasib@alid de@Hno) (i emes movdiegede Bednieetspandi(ifi one at mérg coratatis
| Sre Urn&én'eg) %lareﬂqiqi' aﬁﬁ@%ﬂ%%c&fls *ﬂ!ﬂggr{aﬁ’ Q!L(ﬂgp&% undergoing gene

rea?rangenen and repertoire

[ nﬁﬁﬁ‘ﬂﬁ‘@?%?’idﬁ’s‘oq”ﬁnq ﬁ@p?rFoé[ﬁgfg@ﬁ‘P%ogé?ﬁi"ﬁﬁI” thE[ iRyagepicppimal.
one enbodi nent, at |east one artificial Ig heavy chain
| Oi60rs] ils omermunoplmeait @deastrne attifieel (peeevyechain logustis mnwgreatecinto

anh&BdnoRE ot Q@an‘sé@ﬁ%@%?n@ﬂof tHelnveRn EFRAE ERBRfment, R transgenlc
tranagtlsanlca functional Ig light chain

| G SRR it Shitaient at 1 cast one
artificial Ig light chain locus is incorporated into
t NB045E o Ae eyfbodimentas dagelrping adifidiairtel ligkfechaihigcysris/aesragated into the

[ Qf46he b tRASRBBABLIGEMAL invédioh €ast one artificial Ig
heavy chain | ocus and at |east one artificial Ig I'i ght

Ch[@biéb'lr?&% s §mre£1"$ré%% ﬁg nglé g%eg CB%E rgeangat Igast one

t ransgeni c I nven

pratfisierle dohepisideose Ak incaperied e“l*oa?he vq‘gwomeei a ége”'C animal of the
f unehiicanal and capabl e of undergoi ng gene

rearrangerrent and producing a repertoire of

fg|11 QBﬂé rQéeﬂw%dmﬁt %ﬁ:%%%yi e Etml ’ancy\@ QtPe %f .
re er obul i ns

olre o | MuNo ul1ns 1 ncl es | muno ObL
ha‘U’P'T'f@O‘% FrOFER" r?@?’@?’ﬁﬁ@q PrPdGAGP rqpﬁ”‘ﬁrﬁé’f Bryeea e N BRe
OrtranEgeeic eqimslt @iith reggiodnof remesglofulibdieclates infnunbgibbulirgs having a
| Ofuhhan idiotype.

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

immunoglobulins having a human idiotype.



conprise at | east one non-human constant regi on gene
and are functional and capabl e of undergoi ng gene
w0 e@snsmogenent and produci ng a repertoire of cPCTES1008/065419
i mmunogl obulins in the transgenic ani mal, which
repertoire of chimeric inmunogl obulins includes
chi meri c i nmunogl obul i ns havi ng a human
i di otype.[0049] In one enbodi ment, one or nor e
constant region genes of the art|f|C|a
c OB ola ont TGRS oC S (A SPRgobHe GLIRE e
ar eonfpusectilcaniadne amdarcapsiblt eegoh geneded g furgtigehand capable of

re I f
| m%o%%@?& g&ﬁ r%églréﬁ%sweggéﬁtg ng%g@nedr'ﬁe@%r{o% Bfei)m@unoglobulms in the

r eﬁ%ﬁﬂ%ﬁ'craé” W iTRAREIEE BLIM™ 03'%e'rnaa*é§§?3m%°gfé8ﬂm hyine 2
hakinmg idotimerand hirddnotoygant esgdnhuman const ant regi on.
[ 0050] In one enbodi nent, the nmethods of neking a

t I 056 CRioke @fﬂﬂ)d@ﬁf‘:enpfhemw@minga eI S LOBSIneghtich
ansgen C One

i nS&H" %ea‘frgﬁmg:ﬁarsasgﬁlgagmrﬁa%er%’gua%?'east ope %gmrne maaﬁ“‘vated
t r amogeic!gdtiawth eh@qq)nq@raaqgepl@ggmal@ﬁ\éngaq{{qaﬁ,oe@ aqtlflqaélg locus,

: Ofykiigh lo%'c@rhprls@@@% \CREBK h&ag af kst ane\'ﬁuhﬁg MQ@ndieeginBf eAtoding
h;%g?rﬁ]ﬁ? rggpeﬁ*&%ﬁcgvn}ag?ﬁrg rrgnga:hnn?%acc:? se &Snge %z 51[1@ érnr%re {gene
oneegoreniymnd (il og@grencg@g;f@ﬁqﬂtgeglwnfq o| qodgﬁeéandzﬂ tmﬁg@mc animal,
c 0W§5r§mhe¢¢ Fac O R RBal c&rﬁpr@é@tﬁé‘ 69ezR1onk akifiti4l R I6EPE BT the second

t hgarggér]r aéwgqa? 8H%W%I?ln }he arh%cPQ Tc'%g?rys ?ronq nne se%cw‘a ?rgpsg‘lerﬁcea%lma! is

{ 1 fanigest P canpie Unégbingteen eieTaEeTSl ERtATRIUBNG f EPPERST
f r M%B@o&t%@@ﬂe Fhi 8A%geTN dhindi TRl crdssing MaChd @Réby aintbl

= R ERUT B by BRGR far i A Rl A ARG R B8 L 10

F ATLNO transgenlc
ani mal . The crossing nmay be done by anlnal br eedi ng
by [0861H elneng emeasisinh ﬁﬁ@e@ﬁ%?r@ge”'q HEPERPRYSGSRt {‘???tPBE artcil
manj HeelyahkipRsus. [ 0051] | n one enbodi nent, the second
transgeni c ani mal conprises at |east one artificial Ig

he@)\g%ﬂc!ﬂ%@ ethOSitsent kAQR@hd trhsGiH SIPEUERBLs at 1B one artificial

transgeni ¢ ani mal conprises at |east one
ar 19'ehicPaip fF- | i ght chain locus. [0053] In one
enbodi nent, the first and second transgeni c ani mal s
| afie53] fiene einbtent, thelfirsgind sebrad transgenisaningizliagrfurcionshid
t r W%W l&u@@hmle s@&ﬂ@ﬁén@@&uc@ﬂm@l’ &dripki€dsah aktigicid) @PN&Yvy chain
N T R

c ofvpws e soragtise dni Afificieldd hdagy ¢helvgcughai n | ocus. [ 0054]
I n one enbodi ment, the second transgenic anima

co fﬁ@BAl]S @%né‘&mﬂ)cﬁlﬁlﬁént tHaRedvht trrsgérid aningal l:@xﬁhnsesl an b1 didgtificial
| egsi?ciasfgclugl ?taf gn'e%'rt?clslal IquheE?chwém ?J& é}wd a(l)f;éy? o@é’]g'nf@{al Ig light

one a i ci al al n OoCus
e bl Ipasat In opéembgdinient, Feart '1”@ 19 lg6i T % Sqcpis eenesig animal are

t r aANSERLiafd @RLNBL uadLgdingehd @Bpdng@hisht emaduein®4 repertoire of

underu&m l&%hr% %e %??rgnrsanngceam?npaq V\%Qg re!%r Roqué%!' i%uﬁoglobulins includes
zmmunoglobuims having a human idiotype. In one embodiment, one or more constant
region genes of the artificial Ig loci of the second transgenic animal comprise at least one
non-human constant region gene and are functional and capable of undergoing gene
rearrangement and producing a repertoire of chimeric immunoglobulins in the F1

transgenic animal, which repertoire of chimeric immunoglobulins includes chimeric
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I mmunogl obulins in the F 1 transgenic aninmal, which
repertoire of imunogl obulins includes inmunogl obulins
whawsngiosr human i di otype. I n one enbodi ment, OPET/U82008/065419

nore constant region genes of the artificial Ig Ioc

of the second transgenic ani mal conprise at |east one

non- human constant regi on gene and are functional and

capabl e of undergoi ng gene rearrangenent and produci ng

a repertoire of chimeric imunoglobulins inthe F 1

t rigmpestabeling HpviRg 2 huisn (Pt p Brang PRROISTENE RPGRITQLe constant

| ITF@QIB@@n@@bﬂﬂhd’ﬁ"tlﬂcﬁﬂb wdies the Bedsed trarispanicreoglabunprisesat least one
AN c8hs p@&oﬁ | QLY PSe fnBid gé\%ﬂﬁag%ggé gﬁmger?aﬁbege% _

e const an I on genes O e artificia *éa% ]
fre?fF?é’g@é@f’éﬁfﬁP Rredipiag fﬁpeﬁ%rﬁ PhamugesAbHing & thg M1 §$e”6ﬁ8'ma
hupmeh 8EGFadT imm@gblobuligeingudan thrameg!bhwivrsthiavinga hame idiotype

CQQ%QLS 9&mgggq&gg|ng gene rearrangenment and produci ng
rep ercorre. of mmunogl obulins in the F 1 transgenic

anlnal whi ch repertoire of i nogl obul i ns inc
A ot oSBT, ATt B e 4 ek R
C osrrha havinget) least on{ G0%E] IgBicng Withrd tyansgenlc@n@abqfrﬁ@mvp@ﬁﬂ that is

t huea g?é &%@%rQRH‘Q rvla@l@ g@rﬁ&%ﬁ h%g%t Res @ﬁ@enﬁbg’%ﬂ%ﬂ@ loBus that is
anl mal havi n one_arti

tr Iaﬁ.‘élé%?ﬂ én %%re%ﬁled %ﬁ\boldﬁrgn H\? é?ﬁoin%&aqsaeﬂcgamma?coméabfes at %ast
gemeraamfcmg; lacivincilging ag!eqrqtrpr@ggrtiﬂc:lhlaghwgy eltain l@yg@ncﬁﬁ geast one

eNQYsnt bekid 9&ds that is inactivated. In a
pre erred enbodlnent t he second transgenlc ani mal

ses _at ast reifi I
{EB%AAS’{‘ 08%%m E!{mefxl the e ds chomg}ge thal n éct)iéaaést%g%%ﬁﬁ g
| elasts iime germedel hayinglat Ipgpt Pnengog@n%sﬁg Pensdfst hgsRISBPT IF [arable
ong’ beih PdiRBEd by tﬁ@&:tlﬁ@toh&@-%r gRRMMdgauciensas Oheaiimge atieast one
artl t
at S TiseCB s eemint ha ded  Eing ' Grtp U R Fcne hend
c agabiieg mermmemg hypﬁmat%tww Myeditieminoracisequete; Bheresy
mh@re@%@ﬁ’@é&@h@rﬂ§%ﬁd (iWBRY @intdrd ddastadt rdgagknedNeherein the artificial Ig

Fglguts i gH ctlﬂnaga °%H§o|e o UPJ%%E% tgéﬂe) reﬂgy%gn%q lIEH?Mé ifha at

l e I ne or

hy rseertoire aftaéfdlmhlum@hnwbb@@? Br? RASATOHC aEmd dgw érﬂfeéhe germ gell
onﬁhé%etﬁ@ié ﬁjrt\ﬂerg:@dﬁ&sé QERIP a8 F1 aatbgérid dnmad benmisingratrieast one
Conv? ﬁg Iocu dr}wa g”&?eagmg %r*nr?ne n£ct|\?artédl efnhgde%us II@IO&L@%has

i onaf er ol ng

r emqnmgfgﬁ@ﬁpy Eﬁﬁ dctior eime ohgorg ”}eéi‘l’é’f"?%ﬁe? 80%1?“9;9?1“? 9 &7 al
| mp@Regd.obulins in a transgenic animal derived from
the germcell. The nethods further conprise deriving

an 0%?7]] b ﬁ@?ﬂ&{&'n&n@me%ﬁle%s? O HirsiaNg 108ks ih@R8S at¥8t one artificial

ocus and having at Teast one germine
|n&dﬁﬁﬂéﬁﬁﬂb@ﬁﬁogenous I g | ocus that has been
i nactivated by the action of one or nore neganucl eases
f r (p058] hie ogeembacliziehnt, the gpmoetli toeich. 2 US| [ollight gfin locus and the

e"’Qr‘B C?Tg;n&cus hh&uadd xxlwtgﬁ‘r%tgex@rn@ell %ratn|i§ helPdhaindodu@®CUS

i nclu at |l east one artificial 1g heavy chain | ocus.
[0059] In one embodiment, the at least one artificial Ig locus includes at least one artificial

Ig light chain locus.

[0060] In a preferred embodiment, at least two artificial loci are introduced into the germ
cell, including at least one artificial Ig heavy chain locus and at least one artificial Ig light

chain locus. In one embodiment, the artificial Ig loci are functional and capable of

10



[0058] In one enbodi nent, the germcell |acks a
functional Ig light chain | ocus and the artificial Ig
wO owsasi08t r oduced into the germcell is an | g PEHUS2008/065419
chain |l ocus. [0059] In one enbodinent, the at | east
one artificial Ig locus includes at |east one
artificial lIg light chain locus. [0060] In a preferred
enbodi ment, at least two artificial Ioci are
introduced into the c ud
R e = ray ropistioe Seat iR o uibpo GRT0s F08
ar deriféddi 1atansagnic egjinel, hieh rardrigicauyf !mmwoein@hwb@wﬁeﬁe nt,
t hgnRhddidblfs Abviddh hdh iddtpefl HNGE b@&ﬂ:ﬁméhﬂ@n&&ﬁﬁd?é €onstant

of under e ran roducin

SRR SR I THREHE AT SRUPIRE: FA P aap L ARy reson gene
t r andsgefnatiorsmhansedapabledf gderasipe vensi rP@rmﬂemqwh@Jﬁ@mdemq 3 ns

i n@b&@ﬁ@oﬂcmﬂ@@n@héﬂldbﬂﬁhsh'ﬁtHé Bétivéd IURERBgendiaBitrdp @hicl N

tant. re L9
t hrgp%{'iotr? pric g}reng i¢ lfna'lup%ggobu éns rLrigj‘luges c% g{erlf ;mm o%cl)r:})éjgnnsgh%§ Pﬁig human
coidistypmt!n preginthedigenteorgrad mareeontant fegion a@neaﬁﬁh%@mf&@! le 'Q§f
Unéiﬁ'rpgéé ﬁ&ag%ﬂﬁhﬁn%robmfé@lﬁﬁ g@ﬁd}n@ét@d&iﬁhdﬂn@l and capable of
d?rlggiﬂ%%eé\ﬁlrecarrgrrxﬁemept an%%%m petrtlmpesof Impr?t}nlgﬁlo&‘ﬁrqs iy ﬁ\g
i ncr!ﬂnlvmigﬂl 1dtensdens animel| wfd@sre@qﬁtovﬁeﬂ?fulr&mwr}?ﬁ*e%@q BBYHEP ns

haMnﬂGog@obmev1rthH lﬁﬁﬁéﬁﬁildtﬁe@ﬁkﬁhmadm%nﬁeglomne or nore
const ant reg| on genes of the artificial 1g |oci

@Péﬁbﬁg of"i"e em %@‘?ﬁte tO!P‘S rrggw \%%%Qg%ng{g%% s Q)?Q?ml%d

ncti capa .
r e'a?qfl‘éﬁ’ﬁ'g@?i‘@ﬁte”%@a“%f‘ Eﬂd‘EFé'F n'@ oge prapsiteat ;r@ ”E?Fh"ds involve screening
| nyBAn @gls @ el pRssehda of hreartifelal ly@dud= 1 transgeni ¢ ani mal ,
mhich repertoire of imunoglobulins includes
WQL gpéjén,l\tﬂ)ﬁ nﬁﬁtv JnB thefhoATRR néeqht%t:lﬁ(ﬁ% RRGst AR BHicial |

tant
RN IR £ IR e

I n@fﬁb@emams lo e that haetredo Gectivatsd, logis kameble of baingareetivated, by the
cﬁ%ﬂé or hPEMBEI NS ed, WH&‘EIH %e%@k@s@ Bheﬂ&ﬂfgﬁﬂ k& domprises

or t presence of an artg i cial rg OCUS. m(l)IGZ%{ In
on@ aeWi?%‘&” hRYie 2t BFRE O AIBE ¢ SR ThTTPTE GPWFP%@ & 4t
| emermmedannmarﬁ V-cégitin amipolaoid gsauemieo(ieork @r hpleivete sowytts

or ar%mrc%g oFigEk \fﬁ'gtafwf r@ﬂbr@g&@g Oh&Eh khe¥ikiBdg @Eus' i€R8dtiokN&hd
endogenous | I nactiv

Rt et Ve Ry RS S lepr S St kel o
nmoimenunegipeniins ireths Bendendams genis apival, at a dasegndand thereof, derived from

Iar thb fe'rtﬁiie@looé:)% ér‘é%%c COREHAIRRS fulthar cBmpfist @BHVAG frjaﬁ\fﬂxé'fgm@bd
eas one

nment . enco
hy%yt%&%?b@@nﬁ%fﬁﬁw%&}f%’ge“%ﬁ”'g‘ﬁ% A °£ﬂ?“a%* dose ”éia“?‘e’%“ fo
ongeloa tramspenicangen eonpegineritest candrti(idial ig)locyn eanfran pigeast one
CORSh AR tnak R BnddEEHRSs |gm§§ @Bhthat B&ndtkiivhicaibine ltioh 8FdhS or
i's functlonal and capabl e of undergoi ng gene
re’ﬁ?@%@%ﬁ?se%md producing a repertoire of artificial
I mmunogl obulins in the founder transgenic animal, or a
dek9eashdante erhodieent, thel ereagbenefartiipialtihiecusdictudes 3 degsiene gtidcial
Or |g@BRK ¥ain I8AR. Met hods further conprise deriving from
the fertilized

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

Ig light chain locus.
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oocyte or enbryo the founder transgenic animl, and
optionally the descendant thereof, to yield a

WO e@Bassi ¢ ani mal conprising at | east one artPET/TRBING/065419
Ig locus and having at |east one germine inactivated
endogenous I g | ocus that has been inactivated by the
action of one or nore neganucl eases. [0063] In one
enbodi nent , the at | east one artificial 1g |ocus
i ncl udes at |east ope arti
[ OGBS oA Pz eap EaBietkt 8 PApT [Bttran
| glotwscars! thermtifividids loats ihtesdsded dntrethafettilifadeiogte grgmbiyg ktan lg
chaly d2m4stud 0065] I'n one enbodi nent, the fertilized
oocyte or enbryo |acks a functlonal Ig l'ight chain

ﬁ)#?ﬁ‘] 12 5 (ﬁuregeére 9?%}%00{1meenrtf€% le%sg 0 arth‘llélf\! I&Lgrgmﬁgﬁﬁeé n%‘i’h fhe
| ofediized POGBBY ehrye, isiugihe Pfr‘%ﬁ?t @W@ﬁap'ﬂé@ﬂeewﬁhalné@ﬁ% and ghleast

ar Edefdrtﬁlb@llg ldﬂ@éhaﬂﬂ&ué lnh besliraRdiment Be thigcidl @rlbdi bhie2@dtional and
oocC LN I
%ﬁﬁ%ﬂ axinger?on}éL%ane re%rréjrgerqgwt %Sd rgﬁétn? tg?%er%nte o? llmcr‘ﬂuﬁé)gldbglms

he¥ 'east one a
c hiaitre fburderdransasnie aeimalngs Gdiepaengant thereofaihishirerariaire 9y | oci
ar ﬁnnquBéHb‘u%ﬂclu@é&imﬁﬁ@@ﬂib&hn@ﬁa\m@(kﬁm@ﬂh RIGtygpenid one embodiment,

Ir ﬁﬁ[{?:]og& %br!:%[rwls?tan?reglog %n%gg# tﬂgggf}cfaﬁ?%cy& ﬁsecgt least one non-human

anselcanlrm or a
desweinetaetiontdeas ansfare fpatiets! arsisapabes qfén@t?fgomg gene rearfangement

| MEAENREHLORYA 1ePSrtdire 61 dAfRSC imMAB@eHuRUN iha Souhdey trarggenic animal,
Egga{]daelﬁ?engatfmereofj Wh@ﬂgp% EF%Q‘ Al ;c% imBTaf g@UbulmQ 'in%ludes chimeric

regi on genes I Cla
C ommqnggéob@tmsme\am a pman sy ?Peﬁﬁ‘e é@i‘ﬁ%cl”ﬁ?W OP%@W rﬁ‘ﬁe gt
angglk gerfetl Bﬂhé gtrelal g ndi @apadal 28 leadt obwiterag ebrstangregien gene and
.r earre rfu%@il%ngl aln %%E\e Bf Lﬁ\g&?é %ﬂe Fe%pgr{ggﬂbﬁt%n@&o&mnpg rrép"értoire

transgenic animal, or a

desfcrémd@ﬁtobl!“h%lné@ffw\ﬂﬁt@ﬁsqeé’[éérr”%ln oré defcee?ﬁnh*@?freef which

i NFgaREE e Rgidotimk desesahihmgiobulihsimyng glhober iHingpe and

hag&g 2, gﬁg@mhdlotype I n one enbodi nent, one or
Conet ant regi on genes of the art|f|C|aI lg | oc

co ri se at |east one human const %%lon ene.

and
ar @097& nletop%ﬁsgpctéhcam&eg&gbqr%wd&§ mﬁplwa aroq C@%’(ﬁ sgenic ammals
I eadpaiBle gﬁﬁﬁérbtln@radnapb(gdmaen gherein epleast oierepdaegfenous Ig locus is

' WHQ%L@ QrLi h%%rrje@ bl rrte‘ﬂl" %%etﬁoﬁ@&ﬁr%ﬂé SenRiid¥e tran§enid

descendant thereo ertoir
i nAIREGRGIA §5Remic H@Piﬂﬂ‘é‘%aﬁeﬁﬁ‘%ﬁ%ﬁf‘ 8?fﬁffv%§”hﬁ§\'ﬂ gy exgression
hu sastrictltcntpyisee aarebrénsion pontrolnsdicnperablg iinkad fO[@OM?]’UCIeﬁse

ong, (f% %rﬁ}ciexc D8, |nrbvp§@f£r'réarén¥%&\4érq Qﬁe éﬂ%th@ﬂ§ ah Afucible genom:c
pro uci ng trans eni c anll’m

erating
Vi @BWU@@SW&%?SF*OWF%HCH %&Ca'i‘ B%E?“CS?% eéw%%%}%%faf%n?c pose
| oentddihgnidclractidvred geim céln a pref erred enbodi ment, the
nethods conpri se generating a transgeni c ani mal havi ng

@ﬁmn%nggﬁb@&qgé Fﬁ@&xﬁorﬁ%&f RS FePBILONSEULRG a triMRGER dhimal
Egﬁfv?ré{%rve %:ggrﬁw %8 é’?%\rﬁiln)? lF?S ErEe n?cggsénous o] ?égursexslﬁac?vated The

e gathods cemsseipoidietng the endogenous g locus in the germ cell, or in a parent
germ cell or fertilized oocyte or embryo derived therefrom, by expression of a

meganuclease therein.

[0069] In one aspect, the invention provides a viable germ cell wherein at least one
endogenous Ig locus is capable of being inactivated. In a preferred embodiment, the germ

cell comprises a genomic meganuclease expression construct, wherein the expression
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nucleic acid. In a preferred enbodi nent, the construct

i's an induci bl e genom ¢ neganucl ease expressi on
w@emstiswet that can be induced to express the PCT/US2008/065419

meganucl easeencodi ng nucleic acid in a germ cel

[0068] In one aspect, the invention provides nethods

for producing a transgenic animal having a viable germ

cell wherein at | east one endogenous Ig locus is

i n@aagweaéo%nsemﬁ ef@ésla{aﬁi eon@reﬂpd.an%%eﬂat@@mkbma rnégatttease-

endo
GorREE Tocgr Yoy AR e OB BTy b6 i} Py BRl Senomic
t heegshpoense bxprassipr eanstrushthetfcambarpdraediolearrsss thdvoeashyrlease-

[Ogﬁg&m%ﬂm@gemgepﬁggmcghe i nvention provides a viable
germcell wherein at |east one endogenous lg locus-is

Cﬁ@@ﬁt] e oc{ne %{en e geenrt ?nﬁgdg?r/qq tcegl comPnses at%a%{ one aﬁ(HCtal Ig heavy chain
melgeHsucl ease expressi on construct, mhereln the

expressi onconstruct conprises an expression contro

r e@oo) 16 pes ehbdoginlent ke deriroceil conggiassiit lcest eeatiath IYght chain
nuglgic acid. In a preferred enbodi ment, the construct
is an induci bl e genom ¢ neganucl ease expression
construct that can be induced to express th

mel§atRlc 8 BB S B 9?? [ EompEipe 1928 °&%?'Hffc@é'|9|hea"y chain
[ 063B]and &t leastone rbificial ieeight cheingcgrer m cel | conpri ses at

| east one artificial Ig heavy chain | ocus. [0071] In

ongoryhe Ghé'@sﬁéct tﬁé"tﬁve@ﬁﬂnrﬁr&@ﬂeé a GNP EdrS e8! Werdi@@&Sdasne
artificial ain | ocus. [0072] In one

en%‘gﬁﬁ’eﬁg‘hstlg IO? e g%?t'r\ﬁq%el | conprises at |east one
artificial Ig heavy chain | ocus and at |east one .
ar [0P74l dr are greporimgn the B rel! eripsises[ab g7 pe #tiflsiak!o A8gye ehain
t hiscusnventi on provides a viable germcell wherein at
Ieast one endogenous I g locus is inactivated. [0074]
o e e T e PR 353 R g b
edﬁ&ﬁ1nent, the gerntcell conprises at | east one
artificial Ig light chain |locus. [0076] In one

enfoots] nente enttodimgety e gginl cett ommprises et leadt oheeatificiablgdeavy chain

aripd kiafd é’tlleagtgonggﬁtﬁé{alQﬂ@ht@hélﬁ’%lﬁ% and at |east one
artificial light chain | ocus. [0077] In one aspect

gg[ls?z@\e/ﬁ F)]rttelhaosge{i‘ rtt?evllflvepts onneotvgfe])se r%letE1 adés tfcﬁ %u o Igr]€:1(~1/ an Ie\elgi,e?m lceﬁl

I ghaMO@ atdeastiene ”ﬁ’éﬁ‘ﬁ’@é sndoggsly g ’@Kﬂb r%@qwdaqu'@ﬁﬁretﬁﬁe at
Megan bl n@e’@%ﬁ;cieﬁseﬂn g@ér’m dé@'fémliz&ﬁdidci/te bZ&EbrR0BYeferE a viable
engberrrx cell havm etrlleearsta oneé mact}\//!at%t? endogenous Ig locus. The meganuclease so
expressed recognizes a meganuclease target sequence present in or proximal to said

endogenous lg locus.

[0078] In one embodiment, wherein the meganuciease 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 lg locus may be obtained from an animal derived from the germ

cell in which the meganuclease was expressed.
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germcell having at | east one inactivated endogenous

I g | ocus. The neganucl ease so expressed recogni zes a
wore@ansioBease target sequence present in or prRXI/Ds1008/@65419

sai d endogenous I g locus. [0078] In one enbodi nent,

wherei n the nmeganucl ease is expressed in a germ cell

the germcell in which the neganucl ease is expressed

yi el ds a viable germcell having at | east one

i nactivated endogenous Ig | o Al ternat i %e fortfed e

Vi BB 1gErerEse ey oG B oGRS PRESIALT gfized ooy

enclagenolise Vighld geuselhmyindet ledst enerredtiveied andogenpd$ lgagcus may be

degiipeadd roFnan aﬁwﬂfal &%(/JB‘ R the feRiieR b6dYtel A EmBRG ANAEh @RS €

was expressed é( I n one enbodi nent, wherein the

ne@%ﬁﬂ&@%ﬁ%@a? PERHessed in a fertilized oocyte or

enbryo, the viable germcell having at |east one

i NEO8I] viaeelcrerrdvtpeh Be St Ipest Prrcandogeagusi@ ogistiain#fERIgd ipHiro. In

an o AUMBHImER! thy 8dedst chRedRE Id 1bdug RUh-0DE&EHEN WIo. enbryo

in which the neganuclease was expressed. [0080] In one

| :&g? ]nleﬁ%%é emb %m% %%F}n é’eﬂﬁmﬁé}%&gﬁﬁgyé léagkAnQ%Hxﬁ éﬁ;g Iocus

ated tro eas
onks cap smg@mg thegat lea%: gae artficiahlg dacHs/iagiulgs piieast s arifieigda peavy
I ncr%rhaoc@a‘mﬂ,b REBSdimdn heO feast@nd hrtificiar lgheeus iDanges aslesst arte
}m§@§l%gégl |aI g locus. In one enbodi nent, the
e P "Bhe ar 01t ci al Ig | ocus includes at | east one
art|f|C|aI I g heavy chain locus. In on nbodi ment ,
ChIOBA] rans eTRETeA £ P3eE AT R e R AR Coure PR ge!
onecladitig dtieabtahe bgfidial ghkawlthdimlobwaud at IfBOSR]artlfipaldgiéght chain
enpodi ment, at least two artificial Ig loci are
i ntroduced into the gern1ce|| including at |east one

artificial ain

ar t%0831c 15 '”Wegt'ﬂ” agﬁ%“’&'ﬂ RRIvF! 8’&3"“%%?78@]’"% & lfﬁ[\?gdﬁ % on

al Byprignoasi ahdsnefoby ofirmiiab artusing dgi seme, wirshGtemdiRg) the production
ant é%%dfﬁ m tmﬁééeqmlosé@ﬁﬂnéﬂaﬁlb Qﬂ&al@ﬁar%b |oﬁl@oraﬁt$ﬂe artificial

usi ng ro uct

an{DF‘k?Bﬂi f‘@@g °Re ?‘H‘éorf)P'édgg‘??f’wigéqcé'ﬁcgvaé% ¥4 s e a'%c'ease
anectmlys carrying one or nore artificial I00| and
havi ng one or nore endogenous Ig loci inactivated

by ysag4]0f, oﬂ@&ﬂlﬁﬁd%eﬁﬁ% aafdotidé &r¥ hedVh QBA-onllynan@ibeelies, which are
an{)rog%:g? gssl‘rig t V%se%eﬁi@tallwt%gldl ke m%&%?{al @hgﬂ\tr&hgﬁ] IoXus and

are uce usi ng nsgeni c
anioeredrise grhdrifigial heewy chaif Lm@q peftRypd Wgnwf@*ﬁfie%ﬁ%ﬂdr?ewe&‘c us
and conprise an artificial heavy chain | ocus, achieved
by [oves]hpdse agser thdadenhier @ovides [RMBE fol modunieg asipetds,usithie

i nYr r%&%n?cnanm’a?s rf!rg/?o%d HEL PoﬁJﬁe ko C?Q 8%&@& mgmﬁ’amnb Q%hé@%mc

S provi erein. The
coﬁfpjma'sJéthP TP igh am&n?'é?ﬁ§@té?ﬂswnamaﬁ‘é(ﬁf%?”%"ﬁ%”“ 1596285 anc
i Nyfdsi DRast vhd arificany mels dsaesaibed least, wiimen immawotgendt ed

engr%%?rgé)&ﬁboldgnelneﬁg%ar@s@gnic animal is nullizygous for endogenous ig heavy chain
and/or endogenous Ig light chain and, accordingly, incapable of producing endogenous
immunoglobulins. In one embodiment, the transgenic animal lacks a functional Ig light

chain locus and comprises an artificial g heavy chain locus.

[0086] In one aspect, the invention provides polyclonal antisera compositions so
produced. Polyclonal antisera of the invention preferably comprise antibodies having a
human idiotype. In a preferred embodiment, a polyclonal antiserum comprises antibodies
that consist essentially of antibodies having a human idiotype.
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carries at least one artificial Ig |ocus as described
herein, with an imunogen. In a preferred enbodi nent,

wo b@stis@mesgeni ¢ animal is nullizygous for endoREnUsSzE08/055419

heavy chai n and/ or endogenous Ig Iight chain and,
accordi ngly, incapable of producing endogenous

i mmunogl obul ins. I n one enbodi nent, the transgenic
animal lacks a functional Ig Iight chain | ocus and
conprises an artificial 1g heavy chain |ocus. [0086]

| N0BATE !aspreaspect ttimainvenijaarprqvisas m?%%Sd@@rqs*é?*W%ﬁﬁP”a'
aniiis&fa conpositions so produced. Pol yclonal antisera
of the invention preferably conprise ant i bodi es havi ng

d | nlma o)
podab%ﬁonl 4 %B%e”t ﬂeﬁxe{?\ gesf C%Hgﬁ ﬁmbmﬁ%mné@emca [ of

a I'Serum ant i1 bodi e hat” co st
estbemverden y/h'é*l* argRglj ha%ﬁl‘@ét %Sﬂaﬁtgatﬁd ﬁrﬂﬂ‘?ﬁ‘ﬁ"’us Ig locus a”d Car”es at

| dicgd Mrﬂ%ﬂ[f@ﬁﬂg Joclgbs@B&ripaRedn, withan immuedyen;dil igofatng ales
nextggnoo anal antlbgc{yop(\j%ﬁk R%Eewgrg%quﬁégeﬁiggh Qlcuhgr%m tL@rQ&%LIorH"

r's a
t r 20HBQsH RIOGUS CPrOgHCes ﬁé‘on‘?‘f{?éﬂtai“@ﬁdy %.Szﬁ?‘f'aﬂ'iv HEF‘S *ﬁ%@e
at imhRasden i@ (i) iaieg the aloreticpadageappsdicg ceicu srogumd the
Carrngnog%na?gnt{?gcgﬁtﬁat %m@eﬁﬂj blmjsct%n e |rjmgur108§nu§r @%g%nb@%l

I sol ating a nono ? tL g
antritibstiprograta el ﬁ’g“"é’é?q a Iy ”taf?é” ey et 'B?ﬂoﬁ[ﬁqa antibody
WhgHdeisiRg the @ysranes tanabrodust iheatbyoqmaickntdodg cel |
produces a nonocl onal antibody that specifically binds

05%92 dlh Wé}%@ﬂwen@mg n{e‘ch'ol:lg co\vh%h tnmﬁunﬁm\@ %eraﬁ’éb@hlc animal of

I‘O ucli n

an@‘? %WOQ Mhich g%@%lhﬁ gté?qsg/onslxrﬁatglatteg exacﬁ%er]oH?ng Iocus and cgiries at
usiesg otehetifiviang bl desanbéddwebjn, pitoeiuicimagesse (1) lwtmg a
pr rqgrlrb%@neﬁ amﬁp&y’ m %@éll krod tﬂ@attra%d%ﬁi;b' GRS aithereii DG brdbidhal

t
o io| akie Ol i oLl Lo Bregeg, Hhe
meirratsgeo Olipisolgiag (o themmunglonaaptigedy p@d@g@@ﬁﬂza mAnasienal of

t h&nnb&‘{/%ﬂ&é@&m Wh@ﬁc&)@k m@|moh@c§on§ltan{|k%@§fhatQ‘JbScmcally binds to the
i nacti vat ed endo

carri.es
ongpesen; 6 4 e Pactsedke={ra e Bl ekt froflee 1 Hhoona
i mantihayetre specifigally isindsad thagnraureeaioc| onal ant i body
producing cell fromthe transgenic ani mal wherein the

rmfb@éﬂ] OR@lpredditet BRSO BhechdrgcisrRl dntipsd) e £ Bunan idiotype.
nonocl onal anti body that specifically binds to the

)
BBl S et oy et Akt BB @2%?%%%35%‘1&3?%. ¢
aci d whi ch encodes the nonocl onal an i. bod g
spBe93i le&ne FePRTtIbR NYSR Y REOdeTsABIGR AUC eéﬁfa&'d% PP PY58
t heomseRo4 katmadiesant i body nucl eic acid to produce the
nDnocIonaI anti body that specifically binds to the

%glﬁ Bne £s%@§q}1e lln\ﬂenﬁonq;r&/fo%§ ﬁw@ﬁomcﬂﬁ fullyt HiEhan
m)no

onal antib

on@orgg:ﬁg%lantlbpﬂ%s i ﬂé &g?vp%ﬁ,]co&p%vqu énsmur%z%g a traLsg?r?c]}LnanQ of the
anhidndct, esiclsanimal bekua dedst ne Dagtivatpthensiagenaesie éocys gnggarries at

| NMEARLADIHiTRIaPY I FdESas! REUrBELbrdM GhtIR brfimAuhéten MGHtiNDa
S ur(r:wonoclonal antibody producing cell from the transgenic animal 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 monoclonal
antibody nucleic acid which encodes the monoclonal antibody that specifically binds to the

immunogen; (iv) modifying the monoclonal antibody nucleic acid to produce a recombinant
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nonocl onal anti bodies. [0093] In one aspect, the
i nvention provides nethods for producing fully human
worowsasosnl anti bodi es. The nmet hods conpri se (PQT/US2008/065419

I mmuni zi ng a transgenic animal of the invention, which
ani mal has at |east one inactivated endogenous Ig
| ocus and carries at |least one artificial 1g | ocus as
described herein, with an inmunogen; (ii) isolating a
nDno | onal _ant i r

nuc cac % en dmg g?\gl}/l Prl%ﬁagxc og\ﬁg a?grlt:L%ogdé%W \})U%l&%hﬁ)ﬁ%&ﬁ@ﬁ&ﬁ
pr w@@@@'dén?ﬁﬁh‘éélf@h a¥mairreneeens! Maqdvéqa@e?unc? @arewdﬁﬁ s
t Ohdrkt@ mdBRIGHADEMGodpi 1 1) i solating fromthe nonocl ona
antibody produci ng cell a nonocl onal antibody nucl eic

EQQ l'n %P %Q&qﬁ&nwﬁﬁommg W*un%ﬂ%oh@@éﬁaﬁﬁ%odles SO

y binds to the i munogen; (iv) nodifying

th@“ﬁﬁﬁ%clonal anti body nucleic acid to produce a
reconbi nant nucl ei ¢ acid encoding a fully human
no[p02d] oin@he aapkctitbelipyentiorchréwdes tespmiginanheucieis@ointb eneading fully
NUEGL 821G dA6d16haBAHE0 el Gand riethblis/of RREEhgRQE{ONal

antlbody to produce the encoded ful 'y human nonocl ona

d spect ,  the nventlon
F Ll SET e D AL R St PSR B Bl PieB e

| ncaymieg erggdsm or aptigenic nodien thereofpr ovi des reconb|nant
nucl ei ¢ aci ds encodi ng fully human nonocl ona
antobb;qdlin%se erﬁtb‘tﬂm{mt BoEsnuabgepIusstic mBYoddTeretaisen arftigeoo6]
| n o?en%ust t in a%nérﬂgﬂ%‘%ﬁ& r#e%?% ﬁnﬂnﬁ%éﬂqgéd nh%%&k
co | Seasecausi ng organi smor antfgenic
poPEtr?'E‘)ﬁ 198960 PP BUS | "UMAne enbodi ment, an
i mmunogen used in nethods herein is an antlgen
enpbom niawse apedithaingentidnpravitea hetapdsefon neatraizitmatinmgnigting dre
| MEU0RYE %Sﬁ] id éﬂt:tﬁtm B%y%ﬂpér@n@m @ﬁtehﬂgcﬂment the

exogenous to humans. % L B‘§ "
PRI GAT B FPTERNG e RSO Attt A 2P ?nﬁbana?efa composition
nmodfuhesitientpnt igereic the voIYo}oneffanmraeamtnpg@mn coraprisés immunogipbulin

hupBa. RGY.: SRERGIERAL to aﬂd %@raiﬁg@ﬂq&nﬁ&tthe £Jﬂﬁty%§t‘h@ aflRenic

conprise contacting the body conponent wit

pofY®t onal antisera conposition of the |nvent|on
wherei n the pol yclonal antisera conposition conprises

i niPasR) gln oheibmiredimehie the Imethotihepmpygseconeitioa teypotyl geanpersnamth 2

nembiRloh %ntf%dm ehaliRtRioh, %e@%tthé/ ﬂnbdbcl@ﬁal bRtBo@ ok @R BIly®inds to
pethods conpri se

gg%’li %Pﬁr%%estoﬁ&o%%a&ifqgoﬁgﬁgn © \?\?tigﬁmc enmi’nocl onal

anti body of the invention, wherein the nonocl ona

anioP IS appswter iewbpdinend itirdaonoglonshantiprsi is iy wgrap ponocional
moghibadyes the activity of the antigenic entity.

[00100] In a preferred enbodi nent, the nonocl ona

a”Eode%i’M okgerﬁbodelelnt),/thQ lé%@niggﬂ@ﬁé ngn organism that causes an

infectious disease.
[00102] In one embodiment, the antigenic entity is a cell surface molecule.

[00103] In one embodiment, the antigenic entity is a human cytokine or a human

chemokine.

[00104] In one embodiment, the antigenic entity is a cell surface molecule on a malignant

cancer cell.
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anti body. [00101] In one enbodi nent, the antigenic

entity is froman organismthat causes an infectious
waele@easwsl [ 00102] I n one enbodi ment, the anti geeI/US2008/065419

entity is a cell surface nolecule. [00103] In one

enbodi nent, the antigenic entity is a human cytoki ne

or a human chenokine. [00104] In one enbodi nent, the

antigenic entity is a cell surface nolecule on a

mal i gnant cancer cell.[00105] |In one aspect,

i nPBTRS] lp Anrrspettdesmeaiqnerensier Gl VAT %ﬂ@%ﬁ@ﬁ. ae'ma's of the

aninvaatieéh. of the invention. [00106] In a preferred

enbodi ment, the invention provides cells derived from

th 0%0%? & %rﬂnré?érreti reﬁ\B&ﬂﬁ&r‘t Qheamemnsprd?fdeg O bMVEITEInDRe spleen of
[ 0010 pr ef erred enbodi nent, the invention

prtﬁ@ﬂsﬂfé@ %‘”@gqug‘eéﬂé‘?'? \9’ed fromtransgeni c animals of
the invention, which B cells are capabl e of producing
aniooHtih esrdfered rubedinentdire invghionypprideg Boallg ggriveghfren transgenic

pr errﬁélg 6 AnERRAGHNEREN B LN ark RY@BIeicPBrodIcRY BRBSigEalMg a human
cells derived fromtransgenic animals of the

i nY8HPFon. [00109] In one aspect, the invention
provi des nmet hods for making hybridomas capabl e of
pr BE1R8] Ing peaferied sobedimenhvheipyealiaR prayides @ﬂf'BtC%ée”"Pﬁ gom
-MethReshicR M & Betifientdse of cells derived from
transgenlc animals of the invention. [00110] In one

%?i(%i In ong aéﬁQé{erHé #m%n&{ Fﬁéf\)lo@@ﬁ\em}f&r fbﬂ%ﬁ hWrd%&ddéﬁﬁﬂe of

e | nvent| on

anPrp%trpégﬂbﬁ%r% rﬁgmaantﬁmﬁwd*ﬁd%t npaet ‘@WPB?ﬁ*F%‘bS8|°E%e“S
ar&yp&ﬂﬂmcmﬂm@ymanhmbkfMenuambnthe i nvention. [00112]
I'n one aspect, the invention provides pharmaceutica

CO hoRE SspE QRS hodnfich REVIRE hydA@shYas@b piRcetinvent i on,
mhggﬁﬁghflbogy 'hasnan urr‘gﬂnldl%typezis [80115] In one

the invention Broyi
pafﬁgﬁﬂ In: i°Re ﬁsggcd t 3 rn¥eng prjievu%’s antrboéleson%vmgg h%ﬁmﬁﬁ& {%t?&f i@rﬁr%h
a triibedigseur reduckd/byef fybitdomae BaBUetionf a phar maceuti cal
conposition of the invention to the patient. BRIEF

DERGH 2PTh lotdadpkct, TiEnIARAN dNsGich Pkthdde utfeaigmeosltioshiepriging an
Schem y o?thre ‘?r&én‘%&?%%k @Bo&{?a@g hgf;rgrl fibgbal heavy chain

cons g J-reg |on a rat
|ntron|c enhancer and several artifici

r e PO envasredsthe Ny Pr%"dﬂ‘r’éf“ﬁﬁ‘f’dsr‘?iéj?%'ﬁg 58%&9,* ‘%Berﬁdﬁf n
ex o@smeneodpistng adhinisringCHberdpatidatly effedtive amount of a pharmaceutical

composition of the invention to the patient.
BRIEF DESCRIPTION OF THE DRAWINGS

[00114] 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 human CH1 domain and
rat CH2,3 and 4 domains. Membrane spanning and cytoplasmic polypeptide sequences are

encoded by rat exons.

[00115] Figure 2. Schematic of the interaction of I-Scel and DNA at 3’ end of recognition

sequence.

17



rat CH2.3 and 4 domai ns. Menbrane spanni ng and
cytopl asm c pol ypepti de sequences are encoded by rat

wWe@x@nas510B00115] Figure 2. Schematic of the i ntRPCHU$10081065419

of 1-Scel and DNA at 3' end of recognition

sequence. [00116] Figure 3. Schematic of the
interaction of the 5 end of the I-Scel recognition
sequence with I-Scel. [00117] Fi gure 4 Schematic of
sequence recognition nechanismof |-Crel (from Nugcleic
Acioft16Regure 3. 5gheraptig 9f tﬁ%‘()*@ﬁac“c[”@ff‘fiQ]enﬁf’fgt[’ﬁ ' lgSag! recognition
Schuact Gitdisgram of the strategy for altering
recogniti on sequence of I1Crel. [00119] Figure 6.

Zi @8117#1#:]&9@ 4. %rc%n%ltlggf 4 x@@o?;hﬂmqe(ﬁgﬂérﬁlﬁl Cr& GG R Ric

M were expressed in cells, chronosonal
Dl\ﬁ@‘%sp?"éﬁé?%@oo)and the appropriate region of the
I gM | ocus was PCR anplified. Reaction products were
anpbyBetguy 5. (Sohsreatic yibarainéthe etratesly & eltesphtseesitign seppence of I-
figle shows a typical exanple denmpnstrating cleavage
act [ VI ty. DETAILED DESCRI PTI ON OF THE | NVENTI ON

R)%ﬁ%ﬂ%%T %b% flfllng?r écﬂ:%msggﬁ‘@oogg ?A%ldla:ggnét 9&ﬁ§nceé ncg&ﬁ'dqrtat lgM
anwerﬁ exprénsedin cci‘hrﬁhmmls@w PNA Wag érepaquH @P‘MHP ﬁ@or‘?ﬁj?t@lfiﬂ“’é‘ of
Al Wk&%tﬂdaé PCEQRBIREIREIRG, provtte Welencirae bapoljaeqBinide gel
one vari abl e en
e Shltiin, Ih BB b 5 BECR B IR Bhron8fgealiie ety
of a heav¥ chain | ocus, and one or nore constant

DETAKERP TIQNRETHE INVENTION. pr esent i nvention, at

| east one of the V gene segnents encodes a germ i ne or
hy et 2opB\ataiticidl inmeumoyleutig locus” @menn aadnrdunoglgidintoeus dompesing

prﬁ%ﬁ%’(e(’ls%f AFRAdL B hunBR m@ﬁ&n’oélb&!h@iecn' H&T&bﬂh@%tﬂ@lé' i n

| nvention 1.$ {sl ? Y rabg rg 1on &/) ene
r emﬁﬁﬁmﬁenﬁﬁ@"ﬁﬁﬁd‘ﬁ%‘fhﬁ@c LHEP B 251 P59 g
i msagneal, odeudrimoss. J dene segpreats ame edmerrBahereagmentain thegpse of a

onﬁea|9¥ g5 a?cﬁg%@%e 6r$ho?e @H&Bﬂ réalog B s%@@ém@tln the present

un pﬂéecﬂtl?rhﬁa%qft Pn&ﬂf the I}{aﬁem ﬁgmntf 8%&95%? n||n8 Qr hyperméltated human
I esrégiamgethol zoidisequands. fii @praierr¢cgem®dumenhen qmr@laammum%qba'rn

I glokus@?‘he%@r‘\ti@n ls(?&ictlcﬁ\@lc!an@%ﬂaglb %f r@larréngerh@aéﬁd fdtatifg a
loci. In gne e

coffpPTE S 'ﬁ‘mHBW'qkal'WﬁnP’é W%‘afegr? m@%(#]néengna& 'egsst ogeaH g%rfe segpent's
pr edueimy genersegreant. didrtiécia g IpgvriasogeDinmin ¢ay r$fﬁrdP wep#igEnged

CE!ogﬁ%d e %mg&! B8 Unk Fb%rrgﬁrb\éh Rﬁl a\rﬂﬁaél'@lkiﬂ'&ﬁluﬁ‘e &refiaDIg light

PO €5 PG ERegB AR & st  ARERG BER °
r e pendrieés sencnfhumam nepipn gbrd andds qanaquqjqﬁprpgucmg a repertoure of

W%l%%s lﬁlﬁxdm?\éhlﬂgmﬂmﬁUH@%b@nE ﬁél)lr@;ré nohlAUMAEC region. In
0

ment S CO lse

" APER TP BV FEGA STRLRER 6oy WAL R capae of
copstiaig aregitoire ¢ emeuncgepiissaiging unm@@ﬂlp@lé”%@dlﬂéﬁ@é@a” C
deFég}éﬁ.dln one embodiment, an artificial Ig locus comprises an "artificial constant region

gene”, by which is meant a constant region gene comprising nucleotide sequences derived
from human and non-human constant regions genes. For example, an exemplary artificial

C constant region gene is a constant region gene encoding a human 1gG CH1 domain and

rat IgG CH2 and CH3 domain.
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from human and non- human constant regi ons genes. For
exanpl e, an exenplary artificial C constant region
W@eme/15®8R const ant regi on gene encodi ng a hunedr/U§I808/065419

CHL domain and rat 1gG CH2 and CH3 domain.[00121] In

sonme enbodi nents, an artificial Ig heavy chain | ocus

| acks CH1, or an equival ent sequence that allows the
resul tant inmunogl obulin to circunvent the typica

I mmunogl obul i n: chaperone association. Such artificial

| oi6P128Flowproreerhhndiments. asrasiiicialls BRRvHEhaindoays REITHH. Bty
anéduh@l@ht%&deﬂceﬁﬁa’i@ﬁiﬂ/@ fHeQe@NarTRinsunadiottin foatdunaent the typlcal

fu&%tgbggn lunC agnal 132&1%. l&%ﬁgmw B% ﬁe%?th@%oduct:on of

al n artificial
heleayy eaaionly apibodiay 8 ra@éam? Mt H*a%a%érf@?%‘”la 09y Eﬁ?g‘e
trgasass héhcéiacb e kfprdsa tlatgalag rfgumamo Badh ei’t@c:hlllghﬁavxcﬁalnrhocu
: g%gééed V'\’Hn rﬁ rJerexsnl tQ gro%e%ﬁég%ﬁ alé Qc%@ﬁ(mﬁ&%l 18 light chain

ani mal E ddci n v¥
chlaunrajﬁlcymemtm@oaft'&%a‘ 'gmeﬁ\é/quiat‘ 109%3 yhichgningls §¢ P%‘ias
| OQH&JCWQMeJW cmrﬂiﬁﬂnﬂﬁc@@sl RlteBriativet on atifeialiip toc@Hhaydre an

%%Mgﬂla%an in Siftd Gt Qruﬁr&gﬂgﬁ 0§ %%RgleﬁQegQJnténg bgdeﬁJte érgarhfééMM

roducti on of
o hbiony @wlnyocaﬁthmdw deg for e @@Pmﬂﬁrgofthﬁ%vwh%@af&% ?rts'ﬁwbﬁﬁ
heRé@érdﬂ@;&hder@dmlcf}bna:nﬁdabpmaa&nlyl’anﬂmogllai inGigha cimeirdasfficieit ene, see

;nb@géxa fﬁ% agy@mh&égy 43 8oz, JEM 204:3271-3283,

uman i |ofype is neant a
polyﬁggtlde sequence present on a hunman antk ﬁ
WBHR2B YU I AR SGTEBLA '?Oll"}’p‘?f’t'a%ﬁeé‘”%rgﬁ RERT™ OTRTEr m
hmyledtddbglpﬂan iasuLgRtulinakging ségnehu desteyothiman idiotype” as
nafx T TERY w%ﬁzﬁé’g t[o&%tﬁé?lg HEN RS s&qﬁ;e@e@&‘%m@ﬁ‘bhtﬁ@@yas ¥ as

as synthetic sequences, s 1y identi ca

t hBBI PR R a6 PP PR P I e

anhinodiniddieByBy subisehiy”isrhéapt thatsheearee of dreito advesequence

de%glﬁgj g% ! aﬁ)gut%@ %5%6%&&% 'tl@%@&r‘e& ¥ dnﬁno@knd's@@&hce identity
g % Y0 {era ee of amno acid

seﬁ@éﬂ?@éth?'d%% .fﬁ!cye F?rgfeii‘f"éﬁ'ie@tFr ?e“ﬁ’é%’g@O% nore preferably

greater than 95% [00123] By a "chineric antibody" or

a [oodsf@y & Thimeriaamdigddpln lei ¢imeris inreunaglokiin’iismeaTd®d1 obul i n

Mo &6kb O&Jm&ééﬂe%mansﬂ%ratdoﬁien 6 a runfaH @Aunoglobulin polypeptide

Isgg%‘go 8 ‘Eﬁc%‘éﬂ%%? eguaﬁﬁﬁ]%nﬁo e%%gra]%gm nola ﬁ%\e%%b%g]rg)ognh Q%Omon

popitd ren-homaraimrenediiprtiorpolypeRlifeRdBMGE-| FNesbimpHeptmgediobulin
Se%@m& of thB BreSdHt MP&nki6n érmgb@&mﬂmé Withioh-B@hdre®-rediorts lve
P ST EBUET. Ao TR (e i Bl ba RO OB o

i dammylpefshe iSteotion thﬁmwgqe@mnginﬁ@rewmrqﬁécq %‘meaf é*a“LF“P@J?ﬁU“”
anjaelsesof the invention that have been engineered to
produce chineric innunoglobulin nmol ecul es. [00124] By

b;foé#ﬁ% %:gtxflma% _Fr-?eg!ogq msht JF 80Fe HBH Bl AYI AR RS QoReNt

_ i'clal constant reglon gene.
region gene.
[00125] The term “Ig gene segment” as used herein refers to segments of DNA encoding
various portions of an Ig molecule, which are present in the germiine of non-human animals
and humans, and which are brought together in B cells to form rearranged Ig genes. Thus,
Ig gene segments as used herein include V gene segments, D gene segments, J gene

segments and C region gene segments.
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[00125] The term "Il g gene segnent” as used herein
refers to segnents of DNA encodi ng various portions of
w@pooBgswel ecul e, which are present in the ger mPCHESWNS/065419
non- human ani mal s and humans, and whi ch are brought
together in Bcells to formrearranged |1 g genes. Thus,
I g gene segnents as used herein include V gene
segrrents D gene segnents, J gene segnments and C
gene se ments. [001 2 ne
B FRIE SR e Pk avetl b B L EL LSRR (Rl
ocmqumnm@qs%vq@ﬁeqﬁ edsmatlg aemﬂﬁ?ament gieg%ﬁ@tesféfgﬁé\ﬁt’a‘“fa”y occurring
de&%ﬂﬁ{c@i & afhomE®IgQEnd@bmem| ésylve@ G€ sihthefOse§@H tidnice snaofle a

¢ hiReis SENE S ST o B8 o8 BoRBliaEhidied B RRGES
i desstiricgaseqtence plee Yoy [SeI50¢ a@ﬁ@ﬁfe & éd‘bﬁ?“‘a”yn‘éffl??’ﬁl”?%/the

OCQéQFeré BB E ARG BerRE td@nﬂwjﬁ&ﬂedsgatgetr%%%gd’méferaw the degree
se %ﬁ@gatcﬂd gl(e_“%%n%e |C?'enrIE an g%a'ieh n tggbg r%%ra%]:};g?emepﬁaﬁgé ofl

i's” at° Teas %95
Pr ef er abl Y, t he degr ee of am no acid se uence |den§%
i SIOQIEABEMegHUACTEE MR 8" FRISFRPEBP Y clif tPaérreCP%ﬁ?s %
[ O%QQZ]tlorBMtes N b teebiyat lebs 12r@aond prefarably at least 13, more

en ? rg%%%ﬁ%Bﬁ%? A %ofe%cfgfgrragégt Ié{sp% P)'o@%?eférgﬁgat E0GNnbrk ON

east re preferably
at prefeeebly atlsast jiead EP%P@}/%%HWft lopst|18 qugleclgps ”Hg 9@“
pr gkghakdagesihcihdeast-fidder nuoiEasespraafraly abduyring horhiegsridon@leases
rmr ed c%%té&%ﬁ@pée}/ed%nc-lﬁﬁ&$F\Tc?e;sesaaﬂg héMRISd eanBﬁfc%EééQ' Whattls

anucl eases i ncl
2| BV RgeFe TSI TRASES 1 D TTERPPy GREF PO FENF oo o
engauek erRsas inan drommsrttoam enigganeer lg thews imthefsilpigppanimal such that

n ug #u%a%ﬁeﬁ n%‘%ﬂormgq paTep=SalelolalTTelN= %5&%3 bméﬁctlbﬁofrt%éda&%lease

vention is that th qgg@gﬁq
reE@@Wﬂr%@s%s%‘%'d’éﬁ‘ﬁ%ﬁ”é%{%aéest E\ald e’?@‘&fl?e e %? SBRIER or
pr exylisabn Nos. atneerIBo4fe pENBS 143624, 22048002092, RROGEQNBHE. and
anbiBhoseh that a functional mutation may be
|ntroduced in the Ig locus by the actlon of the

I |
se %‘? guSipﬁg emugleases g‘ta‘h %@{eg %{%esckgl alcar& 8? ?e(?\%%%% b? @mm%
No#1div2Q0 6020664 9jth FBIE0 I BRSREEIs2 UG08 naturally occurring
209?99 %g%clegé'bg %OM%GW étruc{u%oébs&sdrot&h Bﬁ?glrfelen@e For

db
R T e R G A R

triplet targets. The speC| ficity of naturally
oc 610129 Agariroriibadnoen aeilied iezetededdalectse °a|9€@?“éﬂ'”wva’fed

St ErehéHoBs é%“c@&d cKPl“gE&rSﬂnB nRRgbMie @ eftPpgerfons Igeacastpias an edivated

Pr gt old%@flfsn %Ocu?a 6§ery fe@ %g%?erygo%aﬁg%&od ﬁg),{ell In the present

g@r/cmt!pm @mrngla(ljg\mgege@ﬂmg @aq:twétads loci a@rpr%[;erﬂ tiyﬁréjtatson as effected
i nB}GIhb \ééﬂbﬁ?df £AERIRILSIN b@en‘nﬁ&blus/hl,ch gives'rge tothé reeultant animal, or a

mut at rperegf endogenous I g | ocus", has an

|n8??fj? %\O 4*&Adogenous Ig locus in every ceII e.,

every somatic and germcell. In the present nt.i on
ani®983% Regiie ofer el@?é’”ﬁ?%?ﬁ”f’\féﬁ"é&f”r 6‘6?’"%?1”?"’6? @ ﬂ’ g

by eradgatdueny, Loais ef f ect ed

[00131]In the present invention, meganucleases are used to inactivate endogenous Ig 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
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by the action of a meganuclease in a germcell which
gives rise to the resultant aninmal, or a predecessor

wo b@sasfoslt [ 00130] Production of Viable Germ CeP¢BHUS208/065419
Transgeni ¢ Animal s Havi ng | nactivated Endogenous Ig
Loci [00131] In the present invention, nmeganucl eases
are used to inactivate endogenous Ig loci so as to
produce viable germcells having at |east one

i n@%trﬂb tt%‘ger?e‘?éigg GBI SernGel REHS at 3ol B RRER A 'eﬁ‘d/o@e%%s Ig

res % | east one rreganuc ease in a germ cel
fe t4st i E% e%&%ﬁaéﬁﬁ BRISESRY P88 ASPeRE w2 "%f%?"ée‘@@P‘iﬁ
C epresdnaiviongoxdbal iessindaggeousri@iotusvrathe sub@Eetogehous | g
| ocus. The neganucl ease so expressed recogni zes a

rremamégh ea&enﬁoarn&ﬂi wﬁé?élh' &B%ga{@@@mas &xipreBdedi HYdrnabi, tre
an_enao

In germ ceigig ngah hgg'}egan\m:] ?,sg s exmegseﬁg%@aa vuﬁ@égleé'llni'cg lga(\)n]rﬁg %] least
exmee@gwtqd iendpogeauRiodedu., Altefnativpby arvietié verinselitavion at ieast one
m@@dﬁmé@@@@geheuseg BE@Sﬁe@@e%btﬁi’n&Sﬂ@w M Bph® dGREIMd@Ink germ

at, A one inactivat gd endogenous | g | ocus.
ell: r}xc t meganucleas%\fvas ex resse
ety Ve rmcell having at | east one

|nact|vat ed endogenous I% | ocus may be obtai ned from
anO&RBharnawriogEs s Wesieit e Myermvrieasel’s $Rreqted da feRized oocyte
megrambsb etaeﬁam@gerrewnesusmt ledsOddd F3ttivhiad empgeBhodiidtedihay be

V\’hc%’ta%erd frtomean %ﬁx%@%ﬁhe%%ﬁ trl1 er%?&@& Sc?cgfe%lr !erﬂ rgo lf’l Wh?ch I zed

te or enbr e viable germ ng at hIeeast
on@eqaﬁ%\c&aﬁ‘%/‘é{?se%@@ﬁ%?égenous lg | ocus nay be obtai ned
froman aninal derived fromthe fertilized oocyte or
enfiop18d] Tha invbrntioh abdherovieeg aretrobefas grofvabg expyessainals comprising

[ 0Q13¢dond BEmiimviRdatii R eﬁ&o@gn&xg WIB&!J@STMQ% cér%nse deriving a

produ0|ng transgeni c ani nma Si ng | east one
gelfarPeeRis af"ﬁ‘ébf{‘i”\/aa%’&ﬁ @ﬁaﬁﬁl'éﬁ&&%at '%"’S BE d?Ct‘V’?"ﬁ% SRAPHIGHY'Y

cdnqmlslp&eucdzeiacomrdng tatht nethsgeherain.ani mal from a vi abl e

germ cell having at |east one inactivated endogenous

06@@ # orFR—:r &%@n%nt%& QLK &thcgll Kak)ﬁ Qﬁéé&%’r@ ik v%ieG

[ OO odi ne [m, cel |
SGebous GO (BT HPERE BR A0 s 55 bR gaees AP o
comﬁup@b@mmeaan prtificsl @llockigy | ocus, and the transgenic
ani mal so produced conprises an artificial g | ocus.
[ Q@dﬁ@ﬂln bie RdiBROEE ABIAbYSs flrther Mphéyjﬁtrcfdbﬂ"rtd'h&rartmcnal Ig locus

Colﬂg Ehe%%blle %%rrm %ﬁ %%1\”% a‘?%as‘"i‘ F\ei méc(t:}/a‘ct‘ed engogego%ﬁg/llo?t}soor a%%rm cell

erﬂ?é‘i?é?ﬁﬁ‘u%’eﬂe@f o é&ﬁ@zedovpcsée gemrnieapiived dstdpnlcate therienssshic

Oranandl & groduc@Ldmpaky bR adifici® Fhsye derived therefrom
and the transgenic ani mal so produced conprises an

ar[B(?;fﬂé]gr]u ale elrr%o!i RQM%H%&&%&%?OLm!)&eQ blﬁﬁ@?géﬂ?&rﬂ c&n%vmg at

conprise co I nkn a viab germ avi ng
tlea]sb%tmaﬁflzyétep REHOPPRPYE lgdocél?l &6 g3 ors! e@cefngeq]éhereaf wigh a
geremeteebhprideg e adéar [otibves eaf thewbbdyesdic animal so produced comprises

an artificial lg locus.
[00138] /nactivation of endogenous Ig loci

[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, fertilized oocytes or embryos. Alternatively, expression
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ganmete conprising an artificial Ig |ocus, and the
transgeni ¢ ani mal so produced conprises an artificial

wo gooBosw81l [ 00138] I nactivation of endogenous POI/USINS/065419

[00139] Inactivation of endogenous Ig loci is done
usi ng nmeganucl eases specific for immunogl obulin gene
fragnments in heavy and/or |ight chain | oci endogenous
to the subject aninal I n one enbodi nent doubl e-strand
br eaks | nduced geti o

GG T 15 TP e AP S e eEiR i gerr
Al taiis, fatlizacedogyteseor pmbryss mawkedtjeates ige thegeei ¢ aci d
encodi ng a neganucl ease and capabl e of being expressed

in ogﬁ{ojm ©64 LritbodiRht inkin@dd POEYEs @angddctigyderry odls mech ey

nto.t
S 28R sl 008 AR FRRE wi e
i nobgedecigRse enpeding RuclelsEEiE Of e@@éﬁona@ngwétr ek HABPIE-SE° §Y%?ﬁa'

cel Iagigrol, 28 \b3-56D, 2007] Orwiie¥ 1., Bicl. ReporiTEQEMLETD, 2ACE
encodi ng nucleic acid or expression construct. For

ex@ﬂgpthglp Z)Fe erfé)élémﬁédlrﬁén‘c a rf‘?ega@]%g%%lfxgrc?ag&%n%gg’shgé% mthQtZd into
| nthg, GW@F e é”%ﬁ‘fb@ﬂﬂ?%’ﬁ’tmesﬁ°’i@fé‘%ﬁﬂ?€f%§% Bnoag %§SI on
COR&ddnlicidasé B deit €gs all edult intdoutidieragebreaks irodndbdesosudjoeend
amsu%@elz%liamga?gﬁéf% rQJtricE'%esitE rl@{ﬂ'ﬁ&%ﬁckﬁ%?&hﬁ gnanQ@ results in

ease resu
doWﬁP@@§WﬁﬁW&“ﬁF%ﬁW@mFﬁm@ﬁH@@%HBBQ lg loci and
subsequent nutation of the restriction site. Mting of
S umh1 42} laR$gel ipcfanei mabgimas oflthesorésentafvestion avgowitatie
@# %déxéa@ﬁ&;}rééé«lu#ﬁ%a%mmg 919.49%&' int&thk Q@dome[o@@l@ 4&]jecl Shirdal,

ferred rese |nv

e
2 VBgPBSBT-Re 8l BT A 85 P-Eba D CONCEP vt
i ninegriztiedoficytbloxit éftecty esronated fvith ¢xpressity) @@pa@mlmeganuclease
1hH«]gﬁ &ﬂ%l@& @%Hr@ssﬁr@ﬂé"tnﬂme ér&nété\g% b‘le@t lhdﬂjcﬂl@ rpI‘Bmoters

such constr UCtg <P %? ro oters and
cy%%@f‘%"“&‘?‘ﬁamteé‘sge 2 Vat”&ap%"t °r€B?Ber %su on ”?
paprbinctetsanducigg andivkizate of rnsagirtosrand il F@k@@@@@i A

Vi BabBOMGH BB RICARDT RS Sy, B4 .4381984.- | nduci bl e
pronDters radi ation- |ndu0|ble pronDters tetracycline

ndu I bl e r.omot e [
@a@{%{%lg gD gf W%cﬁn%c ?als% ﬁxpp Sl r} rgnsbae?cl c?%\@/g Ig Frg QR{)rﬁcg §enved from
Ilweg@ﬁum“exanple see Vil aboa et al., Current Gbne
Ther apy, 6:421-438, 2006. [00143] Alternatively,
ME@AUATIh @RS EmPIAS 8 kibgle MYanaedsh thlaxprdsdet incengeemrioelly @herein

d e{hle\réw%ganfucr:lgéyetr&% ek g]té‘}gét ke ugn%g %43]prolx%a% &n WG?IQWE focus

ease In a germ cel
\me*rdegwowé twesg@m% oEte é“bieé lZla& péFf%’Efg GEPOUR L dbfc e

| NmBganpdIEBsE MRdet §QueBe Isﬁﬂ‘mr‘pﬁglmmlai Jyehosagmeatn trogpetheuseferred
t g%gﬂ%%n%%{ me 8Janugleastel?§r u@ﬁée i&H 'or@rl)xmélno & iPreh&idbar

anuc eas sequence 1s 1 n ar
pr epopiagt| reqm'\ g&ng lgéﬁ@faf)r‘é@ ﬁ@pﬁdlmqnh %ﬁﬁra'f”HW’OB‘I‘“@F%‘PF%H"GQ‘O”

gene encodes immunoglobulin .

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

immunoglobulin locus endogenous to the germ cell of the subject animal.
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enbodi nent, the neganucl ease target sequence is in or
proxi mal to an i mmunogl obulin constant region gene. In
w@2@seswsr ed enbodi nent, the immunogl obul i n coPGI/E1008/065419
regi on gene encodes i munogl obulin m [00145] In a
preferred enbodi nent, at |east two neganucl eases
havi ng di stinct target sequences are used. The at
| east two meganucl eases are expressed in a germ cell
wher ei n t he neganucl eases recogni ze distinct ta
seloBitie s prafered epbationarh thetficst and sepend msgrBbiaRseh telrﬁl?géj gene
en&@ﬁu@rﬂoglg ]c_)hééer%tgb@m%ﬁf e Gat énd%@cdnb Q1e§éh|QJ:I@£‘sb target sequences are,
ani 1ma

referre
SR HRATD Er bR B R o 5 Pl Eibhe sdelBn Wit tre
onendegrnoati loints, andmieafdgedy trerﬁrdst g@@@md ﬁé@é%’@?@ﬁ%&ases
t & gRlce SRMIENGFRYeRI R DNAKSMehO@Rbhg thdifsior arJaats
downst ream of one or nore J gene segnents within the
entf8g&Mdus 1g I ocus, and cl eavage by the first and
second encoded neganucleases produces del etion of
gelRBM7LIN BRothes e hestipens dRdist andRgcaansgrRiclE RS eRiT &t 90“5@%99'“
S egH¥B Rt FnenlsO Mhldhélembbuiraadttherst @ndadoremdgandclesd tagsttsequedces

S eﬂﬁgﬁ ep’ o%a{f]mer Wsﬁéa%?a%ﬂ%o&ﬁ&re&rﬂ '8%?% mgé%rﬂ%ogl%ﬂﬁn constant

and second
negany e¢rea3@“qn§r gutcleawgs dn dhedirshang Sef%ﬁ ERFopEyBtaRaYC/eases
Up&bﬁ&@é@e’i’dﬁdn 6FRVYRASiE BNA 6égn@nEcodiprisingr tee dreron mogliminurdglabulin

const ant '693”%3%%”.% 1‘%%’5‘?&?&?& eﬁpgd ifidre Qﬁ’ea&ﬁstm rdgl3f gene

flggﬁa ﬁ%ﬂm Cond “encoded 'meganucl eases produces
de¢nspdasimmenogobidingm ¢ DNA segnment conpri sing the one
or nore imunogl obulin constant regi on gene segnents.
| nfoa143] afoes smsbdetshodh entirt gndodeeowsdmnbdaanthainegii/ona tighhehain

e”f%?ﬂec?r dr OtH-RB L Qelﬁed f{'c%)t%é dnoh o@t'ﬂ@ s@'gépéjxlmﬁ'@ n$uch
entire endogenous I'g heavy chain alg éﬁtb% ? ivated.

chevrna'% peEso r%q"efi&}ﬁé%afﬁng aﬁﬁ%@@%’?“a gusd SO 13T

t he genone of the subject animal. Such animals are

al po14oghens edbddineass aildersprnesieggnuakaseriglesge inlissunt e G411 region

t hé’f‘an'%ﬁa?o JBeR0d H%éﬁldhxlﬁto%% |eEa\Q£b1¢48ilenJamd&r¢ethens‘ewlhtareeaﬁd

at | east one negg g e ls sed sme ICElﬂpt the CHL
r efAPBPIE BFPTAHCIRN FS al”b ﬁéngs ai'n P6cus, | eaving
t hswmwngmmdeq:hapﬁrortelﬂe@sdcem Pieferabpévt thgrﬁj‘ﬂéq{ﬁlﬁg is dgie in an animal

pr BEM{;' rﬂ‘gnc@&d d l@ﬁ @NaYn IG@J@' duch RAdetifd ih SubMaRIMaS id d3eful for
|Ca W%go U? }aperone associ ati on.

Pr@P@F&BW?mNP Jeting is done in an anlwa
| acking a functional Ig Iight chain |ocus. Suc
t alog&a0l Ingné emindistenia mioreehan ong MgeEWEIPase by uspt @dﬂ&?f xg!1 within the

heg\waghahinoerl y anti bodies. [00150] In one
enbodi ment, nore than one meganucl ease is used to

t a@%?&nyg"%e t%o%‘n%nI e ”l’%ﬁﬂ% Xesqgﬁbrﬂzﬂg%}é%em L,Q@;@l}sed r]n

eases reco n|2|ng J%
Si pr@senmo@lmggtetae sijeg are elements of a palindrome. Inone embodiment, the

meganucleases are tethered by a linker.

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

chain.

[00153] Transgenic animals comprising regulatable genomic meganuclease expression

constructs
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one enbodi nent, the sites are elenments of a
pal i ndronme. I n one enbodi nent, the two nmeganucl eases
wae@stistoBer ed by a |inker. [00152] In preferrebCT/US2008/065419

enbodi nents, the breeding strategi es used are desi gned
to obtain animals that are nullizygous for endogenous
Ig light chain and/or endogenous |Ig heavy chain.
[ 00153] Transgeni c ani nmals conprising regul at abl e
ge ' l.ea t

e R TRORD O R KRR DR S e o
co‘i?ﬁll*‘?’fétl”?@ena'if“clrfé’ééftuc'é?ﬁé e‘?‘fé’@fb‘;l'"ﬁt"%’bsl”&%\‘jgenom c
nmeganucl ease expression construct. [001 55] The
t r ADEEgETHeCragsyenBbsmals ere selbaet feth dmad fabsra@h aninszopaticviagy
anﬂ)lﬁgl(c%rck&a(uweg ltﬁl_lé}lr bbk HhE &t f 560@5% thd HEK ?‘dﬂentg(&é@ lrats,

heasant goose and the |ike), rodents
raT%“Stetﬁ%ﬁPthé‘f‘%a %W?éi’ a@ﬁi"’ﬁ%sﬁlsf)‘? %sf”et%{nd weasel s (e.g.,
ferrets). [00156] In a preferred enbodi nent, the
r ef§01561 labpefegred embalimeng dreued uistabls @ﬁ@vie@sg@nei@@ﬁ §tareseion

COéHHEtt)LF?&F@F‘se% aﬁlMeudmléexgaé&n&xse%hmre@@ﬂwéaébwagédqaa
opera i nk

a
P f RSt RET b 6P FE oLt BB F Er op GG Epe! € nducil
| niduaiptH! ip afagrme edllohtak périrular lensaenisenimabiand Iﬁe eprefed cul ar

U I ABHEMaSe RREIB&Le oPHfhe d’r\@cl@%@ RARMsdIBERB Wil Ra For bioximal to
sel ective for a g g éﬁ tg et. sequence situated

i 2o P BRI g '”QQf oud® ﬁWunogIobulln | ocus

of the subject aninal. [00157] A regul at abl e

=TI e Yiakix PRESLFIRnse EHFRSEPUIEANSIHICHY PSS fqr gpinimization of

m é%diﬂxﬁ:&tfé@@as@&n&édm @XbrEssPh beLsticaasoedaaioradsahtongh

Xgon{s 51%1 e>(<§>resswn VIa(xQ %crjlgclib?e\l'}alrg}notgg g%r Lﬁ%&t‘%r@d%t@lb!‘épro%%%% raéiratlon-

contro
helaguchischesicsre t%f@@f%te@nogron iaeoge MEIRRIGTEFS and pioolers

PrigdRLRIT difteadtiag yalahdaetivar! & thdume.none i nduci bl e
pronDters and pronoters inducible by dinerization of

mﬁ'ﬁﬁﬂe 'aké?e‘fe(?rreccf em@&i‘#nénp ] trlah%@m LrQrQJi %&]’\e 'nOen@orpcgoﬁ‘rpﬁsreE %

transgeni'c ani ral he I nventio
c orﬁ%‘ﬂfl‘%ké%gec”%‘cW@@%ﬂ“ﬁ'?%?&leépr@%f% ﬁ?rt,sfrhfé%g SSTREF B4 g St nuclec
eX4ide e8doding Gandtind eteganucleasps inst ragpgbivetwd idstinchietgetngglences.

a%f@%w@ﬂ@%ba&séw c%bﬁr‘a‘tt&%nﬁ@g@%@@k%&’g@ﬁéﬂ% BﬂA segment of an

recogni ze t distinct target sequences.
mﬁﬁ?ﬁ?@P@dg@guﬁ%d%WBYﬁﬁﬁtw feSATE i on to deI ete a
genom ¢ DNA segnment of an endogenous |Ig | ocus and

t hiep ¥R} Transaertid anatads ctomerismmtaleas{t@@el@gt}!atawgmg@mn@ganuclease

anéxgakéon%ﬁwubﬁﬁme Hadd @ﬁﬁéan@ weu m@mnaﬁ@m 3—'09@@1@1%0&1
meganucl| ease exgresm on onst

e R L s R
ven¢ganuodaam-alcndmugmahm|and el bé etresepeddsts arrinohtel of cells and

r etgérﬂﬂteé)r%ﬁ %QJ tNe bénBJﬁ@ o thdredipBRAANH cLIR RS AmBEH AeligRBon or by
nucl ei 1?g‘acl be introduced into a recipient cell

or PGgF teﬁf’f‘a"”
[00160] For random integration, such a transgenic vector can be introduced into a recipient
cell by standard transgenic technology. For example, a transgenic vector can be directly
injected into the pronucleus of a fertilized oocyte. A transgenic vector can also be
introduced by co-incubation of sperm with the fransgenic vector before fertilization of the
oocyte. Transgenic animals can be developed from fertilized oocytes. Another way to

introduce a transgenic vector is by transfecting embryonic stem cells or other pluripotent
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then integrated into the genone of the recipient cel
or cells by randomintegration or by targeted

WO nioggs@si on. [ 00160] For random i ntegration, BCIOSH08/065419
transgeni c vector can be introduced into a recipient
cell by standard transgenic technol ogy. For exanple, a
transgeni c vector can be directly injected into the
pronucl eus of a fertilized oocyte. A transgenic vector

Ca&!l@!f&%xé%‘?pxé &Mo%l g&R CQ%) srwguageapéﬁly AR tlé%@ﬁéﬂ:é%/ tdified

transgeni c vect or fore fertiljzation of
oYt B0 CPIREgErPEOR (N RRPS e eSS Pghrminatr
f ewith fhéiltaidg magantse san hanipedie injepiay intce denélodLerena@. In another

t r@rﬁ‘o%g%hpthg%ﬁsgémé %cgymﬁnﬁr@&ﬁg@ﬁ{o'tﬁbggeﬁm M‘%@eﬂ:arﬁta‘ﬁ%lmal is
cells or o ent c or exanpl e
pr {§R5FdToA) th%@?’\#@@‘i’ F@;)by a?féeaélﬁf‘é@fqﬂm %y injecting the

genetically nodified cells into devel opi ng enbryos.
Al [0etéiHior taedejed indedratiam SgeTH tansgenic yectqrisakesinterdugaq into
C 0£ﬂé|"dﬁﬁété %Glp?éhttcellsfs@é}i ad &@Woﬁil st’é@%@!%r& Sl)eaﬁyacmffdﬁ@mated somatic
glr,[%aﬁ H\Ifar st ohe Is 'P B %e?rans%\énee !} mtqura?ergqntx amm gfoetn?r% at

sgenl Cc “vecC ntro uce
t hige @mtm‘elt@w hemelebdus sesdmbinatign pamane aem%w yndamsthoghelhe

t r ansi-g @éls ehas: eﬂeh b®MisEHIGHheAlicidafcAMSEIQST trEh s Uﬁlgaells[ @Ql&utes or
FOI‘ tar tion nLec v Can

th on% & l?C c&h %qlg (Nﬁlch are ’toth&?nl? ar?d ct:arpgbqes gf?ormmf;l unc onﬁl

propr e rec:lplent ce
emtﬂogmﬁu fusign @merf@rrnp@ m@pccwann@%wv cah\feﬁmn@ﬁ%qh@aﬂ@é V‘é‘t‘ihﬁ'tel"‘@”

C edskablishAd.t SJe\RF skampie Edibehi ét Bl \Jaiesd2 (19v8) 180aD50HAE el SBcience
I n&ﬁ&&g(?‘le% fgnlr—lnucltégh% mn ooH es a%g nuc ??r 9ansfelp%nta ro%% Srgorrgéct t%

ogous on can
st ralnr@atrr@lemwww%cvonmreeﬂg%l (Eeg. & exasries Wakgyama étrﬁ' phatirg £988)

Wl 39‘21 33@}1 CFh@@ELﬂtﬁwg RUGIeBther dUARRESR ahl Bﬂ)ptropﬁ@tle I@diu@, hd transferred
{1 Bg}chrﬁ{uz dngm%[ %ln’tsafC r gZeneer]ra:rt]mﬁ%ansgbmc amrpaa% V@éematwie!’y the selected
nezm@ttce!ly nrgéipdeels ganw@nrﬂ@tqderﬂo iﬂewelamaﬁmmf@e Wi th
conventional techniques which are well established.
Se[emsfzpﬁ oexXaitpbitentCh Meddniicieise Blused tETc@aEEANE &)Y of
I
En on Hﬂa%gc?sg%%g\ ﬁgtloﬂ a Fg'e nﬁg ﬁwu&égggl)ole%gr;n DPJ#?‘Z gavage

oocy €S a ear tran er can al so

erforned by n1crosur% % usin %é%ctlon 8@ ettes.

Jax!63k Jfanés@aﬁﬁn'@afsm%@? Teigial g Ioci anggaphle P 5’1
ngmﬁﬁﬁsﬁmmmewmestbwﬁg cells are then cultivated in
an appropriate nmedium and transferred into

Sy[amapm brzeeé%péce @Henh@moﬁ pfdQﬁth@dﬁ@@e?fc'aﬂiG\atsrc@;ﬂa%@%ﬂbr@ducmg
ect e

sel
il A N R L P
enbryos. [00162] In one enbodlnent a nmeganucl ease is
udBRIBE1T e fenseericanings hfsreéar@éﬁleve%ffonhwlé ifgs (chicken, turkey,
I &0 ML PRdaddnt atgoasetaa]a @Rtk rb@entse.gu ek, Fhmw&lrearsatguaaﬁpigs),
. 1 63] Transgenic aninmals conprising
TmymgmﬁQggngg% and capabl e of producing antibodies

haV|n% human idi otypes [00164] In one aspect,
i TOURPITHR el cRIEN A USRS (B RHmaniZAT wP%dV@%a%*P'émdtre invention
proacugdrinthei nmmalinegh ednsbénoss fyanci thgt haveniean eithcet ypihs actaiy of

\M"tjng oﬂﬁor%g&Q%Ié%fes.mﬁ%ip%@erFeg %mﬁ&ﬂﬁent, the transgenic animals are

nullizygous for endogenous |g heavy chain and/or endogenous Ig light chain. Further,

these animals carry at least one artificial Ig locus that is functional and capable of
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[001 65] The transgenic animals used are selected from

particularly birds (chicken, turkey, qail, duck,
w@b@wassmsl or goose and the |ike), rodents (e.gPCT/D81088/065419

hanst ers and gui nea pigs), and weasels (e.qg.,

ferrets). [001 66] The transgenic animals used for

humani zed anti body production in the invention carry

germine nmutations in endogenous Ig |loci that have

D e Son e S ho B e et he s

tr@m&g&admt@nnwmmmumheeaU@%tqy@gman9¢N%ﬁ@b§énous g

heavy chai n and/ or endogenous Ig |ight chain. Further,

t hfé§ﬁs7ﬁﬂ 'a'i&%f&re@ @ﬁmﬁdﬁlrﬁ’ém |tf%aﬁtwsgéﬁli8 afinkls arGiatleadt gnd atifiel Ig

r e?f@}’){ %}a}nzoca? aqdrﬁﬂfﬁsa% ﬁp % c:aplg ﬁ%r]‘? cfpar qg&ﬂg ltfﬁgarﬁ each functional and
t r cepsigeofi modaﬂmgm'lepermh@ofammlﬂfqgk@bldm ”]0{3304”%)%'[1 thg4'@pPIERic anyaal.

' n\)éﬁcm rbﬁ@?toir@&l m%o@bbdhﬁf%kc%@nmmti%mmmlwmh idiotype.

an\”r‘?ﬁ? émt&ogmepp 1? ICiaé §§[tmcg"n é‘ gtrl?a Prgrle ntoFﬁxllr%grﬁ@g&%%eﬁused and
| oenirsalacrbatzie of pecpyeingriénesie Bntbpdigsdiavinga hwg%wd'etmﬁ ghd perhpgnan
t h@Jnst@ﬁt@egﬁ’cﬁ\‘-‘a'?e Fﬁrbl\ﬂfefdl OIGAk eABstireenp ahii€al afci ipdathd @t IBgst ane

ertgj re of uI |
t r. LHT?Q 686 Sl'ﬁ u qu'éJ V\%\Im S cag J@g%ﬁh’él@sanl %Egeévmgbauhlur]ﬁn
nmolkdietypd ers hupneh w@@nta?ﬂ@”kﬁﬁ%ﬂi’ré@d%’aV| ng a human idiotype.
In one enbodi nent, artificial l[oci including at | east
ON@O183[in Ak p@fegem emigddeneinss ¢, traasueniaanimal saryapladdt enegdrtificial
pr Pcrl\eav ﬁalggkﬁegﬂd%cﬂgtfung%hlqghdﬂ@éﬂamgocﬁs ha| R Bnindls B RE in

uman  tonst ant glon are provided. In one

en’tbééioﬁ%cﬁt)” ofapavy £hai-any pe®Pd¥sncl udi ng at I east one

human C gene are used, and ani mal s capabl e of

pr [d18s] Prgduestidn db et ezanslgam(v argmas hyaives thedhitesratipe ofane ohoerain
Qﬁﬁcﬂaﬁ gwaﬁfo Ay @Ei%ncﬁ’&%vdr s1]08 art[ﬂ@igl]}@ﬁ]chénﬂ‘Ig&&@lﬁﬂa@ﬁe genome of a
re

erre odi ment, the tran%‘%iﬁin' i\a@ab oran

| eﬁ%g%ﬂﬁ@nm having pipast @Per?@s?ﬂin R4S 8 425 PERY°"A

f umecttwmtaby thegadtibrgdfone bramane negenscleaSer: Preferebin [t tfainmmes e
r&r@% %legﬁé&grﬁor%ddﬁ%\ﬁé’ RGN Eh R bb/d/&réhdjd@@rdiueﬁg ight chai
6 T ro

tion such transgenic a gﬁ F\le argless S the
t hend Atcegingly i saPRie YREIGINIPBTWC AT P T AP HEavye
| getir@mdsoasidocative, @ ariifoiabg &ets dftfelpmlsemtllrgﬁttloﬁh%thﬁ $2gadity i
| nBrQ:Ing exgaergé)r%?é?ﬁen@aJdrtl?Jﬂéﬂ%FUdGceaemM@élfleB%bbﬂﬂ”e@f | east

one en enous Sf h XV' *%S
oD Gtra Bet e B Ersit Brngle e Plrdibdos
megamamgbmaﬁ esalso%fef@rtamryn ag ddurchicen’s @éfmua aah thegptodipsewith a

Léré%%gﬁé?atéood'y aef[?&t@&%ﬂg Wud Se BEQNYEr@ BRI Harei ud/ “@hctional”
ena%genous ai n_and, . accordingly, incapable

of %ﬁf&rﬁdg@ﬁﬂ%bé??%@e °Fﬁﬂ3'ﬁ?§‘éﬁ obul i ns. Regardl ess of

the chronosonmal |ocation, an artificial Ig |ocus of

t hEOpTOREerattiiciaheshitsed tp deaeratelsuchdespagenie gnimals aRdIYee guliee

r eﬂfnft@@@w#en@@ébﬂeh@rm iU dCieastord Wiebish fénedegment, one or
E\g%aogﬁae:seggxséa Iotne orgmore B ene g%mgrﬁylnet‘r‘?e ca’o@of agneg\&%Hacﬁn locus,

ytO un er 0 ene rearran
aI 8w anebemeredonstentregied senas At eﬂOEPﬁE'tt ingpriien. af gagt gea g the v
angenkRBgrditd Heclice & gt @ 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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diversity generated by a functional Ig |ocus are al so
referred to herein as "functional" antibodies or a
w0 bawsasiosnal " repertoire of antibodies. [00170pCT82008/065419

artificial loci used to generate such transgenic

ani mal s each include multiple i munogl obulin 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 heav | ocu

onB0H1 Inpreeksdisreainie PEHTIZ I?C‘gj@?f’e%o.mp?/ %@Stﬁp%goé’ uman

| NieGiBH 4B sedriient. easdrdiogle sath tiahegeNc gemals sagermasacinioedeyce

a aqg 59% fltegge Ftonl'éyd)? an%@éb%ﬁn AYERRs i@ HcRBe BiThER oAdobies
ngly, such transgenic ani mals have

th@Wﬁaﬁéém?W“F%p%roduce a diversified repertoire of

i mmunogl obul i n nol ecul es, which include anti bodi es

hajed1vg] la oltierstvdimgtothy pe«faql@mxmqed ¢omposreat eaBeae man, C egien

ag%éng Gt l&@érdzﬁﬁ@u&@%gbﬁ@arﬁ%a% Sa’i@ttheQﬂSad’ﬁpiB-pFUdﬁﬁl’h C

| on_gene segnent
e FeRoRe e EUBATLY T PSS it SUPER o
remmﬁmmﬁnﬂmemdahmmmn@h@mwhmnnnnlecules whi ch i ncl ude
chinmeric antibodies having a human idiotype. [00172]

' n[oaﬁ%] |ﬁ‘ EP@thmtent thl %mﬁéé! ioki Lebd@donpasd at ueaaabne ortifitall s@stant
Su@ﬂlo? Pe_c{'nﬁs g% ex%rgggﬁlan efe ar&%E?C §c%ggﬁ or{%%ﬁg Fs% @téﬁt

ce a
di reeips périeedcadisp et lchﬁm dereain Sy @E‘Qﬁ r?B‘F Egafﬂﬂé&a'“
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I € [0 O75] D FEREGTS inkegratiat, b transyeric ot copkeinngren Artifoeiiace £&n be

[ O‘R{Jr?dlééd liT ibe réc‘p@e‘ﬂls&ﬁ Bi/ &aﬁéﬁ@ttﬁﬁsg‘éﬁ’ime@h%ﬂo@ e example a

rei ocus Is introd ﬁ? ﬂ % gﬁr%§
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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 into the genome of recipient cells (such as fertilized oocyte or developing

embryos). The recipient cells are derived from an animal having at least one endogenous
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enbryonic stemcells or other pluripotent cells (for
exanpl e prinordial germcells) and subsequently

WO posasiosy t he genetically nodified cells intoPCT/US2008/065419
devel opi ng enbryos. Alternatively, a transgenic vector
(naked or in conmbination with facilitating reagents)
can be directly injected into a devel opi ng enbryo.
Utimately, chineric transgenic aninals are produced
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oL e A ate e BB S B Bl e B g e o
anbavipjecterbintoieveianihy henswp%\p‘hldtﬁé@sth@ue@w ﬁ@@i@@?@hfﬁgh*meﬂc
englpggnous 1 g | ocus by honol ogous reconbi nation can be
sel ected by st andard nmet hods. The sel ected cells may
ﬁpﬁgﬁ gfolnjes eer%Ib n}ent ggn:égéene a]éasg ;srl}é&lj ?%creagﬁﬂg Fr&iueiﬁ{}'o?
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f UREbiafdahto @ﬁﬁ:@éﬂo@s infriSbdbulirSlodd @ kiteDdpaBlt réyaReRasdiasyte
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anaréirfﬁF‘Brbﬁe? at %ft'fl‘f@b'iglﬁ’ﬁ?"yéﬁ?j” PfSnsferred into

synchroni zed recipients for generating transgenic
anjontdopArtifalat lgrinet i vel y, the sel ected genetically
nodi fied cells can be injected into devel opi ng enbryos

Whjo 18R prddbstaRuah lsYurthev@kaped aiinéia IgIbdi BRd their use in making

transgenic animals capable of producing immunoglobulins having a human idiotype.
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animals. [00178] In one enbodi ment, a neganucl ease is
used to increase the frequency of honol ogous

WO e@ebiosat i on at a target site through doubl ePGI/DS2VA8/065419
DNA cl eavage. For integration into endogenous
i mmunogl obulin I oci a site specific nmeganucl ease may
be used. In one enbodi nent, a neganucl ease targeting
an endogenous I g locus is used to increase the
frequency of honol ogous reconbi nati on and repl acenen
of [08182EFRsb gifinialllg 19ayS FRseRiges ntirsdPmenagioRyla @F”%eﬁ'ﬁe'ﬁ% which
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f”é’ﬁ%e Is?r:c_lemnenﬁ it tng':etlse%pg’ge%(}y &aﬂnécﬂ?lamlj ek ndrel ARGt Fé@@h genes.
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r edi-trasne resn] Angeseived P@*{alashuméﬁ YH Ry f RECRRAFS Tl
h UH&Um% sé&@é]m@élél’&rhuﬁiém GIH @ene\%gﬁxent Slegargtater ferchsiosnativaily
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[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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heavy chain [ ocus of the transgene contains a V-region
with at | east one human V gene segnent. Preferably,

wao b@ssregi on i ncl udes at | east about 5-100 hur@nUkmas/g65419

chain V (or "VH') gene segnments. As described above, a
human VH segnent enconpasses naturally occurring
sequences of a human VH gene segnent, degenerate forns
of natural ly occurring sequences of a human VH gene
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" 2y es gpapigindheiteanity of teopie & ‘é’ﬁ?@?eﬁea“"l‘?@ﬁ%fe%ang Withe
encppRasimas naturally occurring sequences of a human
VL gene segnment, degenerate fornms of naturally
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as S etic sequences t enco e
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smaller sizes (about 50-500 kb). However, multiple BAC clones containing overlapping
fragments of an Ig locus can be separately altered and subsequently injected together into
an animal recipient cell, wherein the overlapping fragments recombine in the recipient

animal cell to generate a continuous Ig locus.
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[00189] Anot her aspect of the present invention is

directed to nethods of making a transgenic vector
weorsassng an artificial 1g |ocus. Such met hoPSI/US2008/065419

i nvol ve isolating Ig loci or fragments thereof, and

conbi ning the same, with one or several DNA fragnents

conpri sing sequences encodi ng human V regi on el enents.
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[00196] Preferred antigens for the generation of antibodies against fungi include attenuated
version of fungi or outer membrane proteins thereof, which fungi include, but are not limited
to, Candida albicans, Candida parapsilosis, Candida tropicalis, and Cryptococcus

neoformans.
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include but are not |imted to, mcroorganisns, e.d.

viruses and unicel lul ar organisns (such as bacteria
w@pasfismogi ), alive, attenuated or dead, fragnmePtBUSL008/065419

the m croorgani sns, or antigenic nolecules isolated

fromthe m croorganisns. [00195] Preferred bacteri al

antigens for use in imunizing an ani mal include

purified antigens from St aphyl ococcus aureus such as

ca sular saccharides type 5 and 8, reco
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e e e
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gehematecum(aabodier agbmétl\/\é@h a@aisﬁsltforﬂfﬂﬁfgﬁat”?eﬁh‘?f Gelen cancer).
attenuat ed version of fungi or outer nenbrane proteins
t h@)ﬁmﬁ TheVéJﬂhgf‘ehs édﬁxﬂ;@ladMﬂ&{ewﬂi&o a béﬁsgaﬁcﬂanm@ﬁ inlahyntdneghiend,

tr ganngalw% or wnf%au% 6’) FJ%V% thpC%Fl @Q §#r‘)1 rqgt!er%d lh%%&ﬂ% with a

occus neoformans. [0
Prerfewerr@d’eémh?%s for use in imunization in order to
generate anti bodi es agai nst viruses include the
enmetamchp ke fSoanbnaltahiboda beebn\celssirongated fran the gemunized

rgr{gfjér{]:qn%?andk{%%{ﬁ{ O fLLSIiOWV\Ltﬁ Qarisfbnﬁéso@h iRk @ Yhe

artl cul ar |

Pr ot
Fbprggqcflqnsof b’t\/lp?nﬂ% ?r Fié’ﬁ%{?q zllrgx le\§la eu:%on ?_Man%;r’d molecular
Cyblelﬁ@gadh@MUé’sL@d exphddbed IEBYsfeated céiSVThe GE98$s for making

FLRRALS %ntﬁa%&é ik Gelf QEanfRBE BlineAN ke e%erE%Fo%ﬁpbaWt

Ao b a8 P g
anuigyeasnt\Noi 4:9177108«:( adele Rbikit-Mauee HytriddrnasiAnd §etrefion Products
He%h&%e? :&y@gmnegg?( é@m thodh @sceR0Rk At MAMHAIR USE Bhekt2ef, bhd
CDEB O 4R PJah DRETBUH S ey SRtk TaPwgesy iy op
t helsctkrse&ts pBwtichafe iBcoomtdted r)erqn’mynefsr)encepﬂro\sttmred%m@ fi c
use %@?al%%boggﬂrw RN ORRMoRAMSRs @&Wd@&:tnbé/éhiy@lﬂd@[ e

he treat nent of gfrost ate c nclerﬁ F t b
1AVPEfeliple Meliogs 56UP 887eRIaR MEDICKRIMOACAY 8! LS 29T e”S Y
t hendge @aplagent/mofinag oletindsczac 69 200G bPBYrtomHa thtPihwns

Ca@ys;@? » AL RIS 1169 @95 ransgeni ¢ aninal in any

converii'ent manner, wth or wi t hout an adj uvant, and

gi?{)@g@ﬂ ggcrg cﬂllmsé%ce r[ngrgoc orr1]al gr?t%ocqlgsavﬂﬁ%%uman B:o@pé’s h%geetge%n gbr%%ﬁjed
such chimeric antibodies can be easily converted into fully human antibodies using
standard molecular biology techniques. Fully human monoclonal antibodies are not

immunogenic in humans and are appropriate for use in the therapeutic treatment of human

subjects.

[00202] Antibodies of the invention include heavy chain-only antibodies
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[ 00200] For maki ng a nonocl onal antibody, spleen cells

are isolated fromthe i mmunized transgenic ani mal and
waiz@d/1giosher in cell fusion with transfornmed ceCT/UBl00&665419

for the production of hybridomas, or cDNAs encodi ng

anti bodi es are cloned by standard nol ecul ar bi ol ogy

techni ques and expressed in transfected cells. The

procedures for naking nonocl onal anti bodi es are well

t abl i shed t. S Pat
22586?08:&? Pg%eWoglggnb%S%nf%S nﬁgtvl%lca Iaﬁ r ?LP gt%na! lgﬁ gﬁpc;ham locus,
Voo cboprsing Aneitificiad heayy FreomeRa. g% mgnuytzchvng an‘p@p éqﬁrocN@e

4, Qedy Q8ik-ohiy Shitbhies RalkpidicMyume tddrbgéndomas And
Secretion Products Thereof), W) 97/16537 ("Stable

B-cel |l Line
0 Q%ﬁgg?nﬁnb(:mwgt th%‘%%&gﬂdeg \C‘ﬁc? ngmf}t?oggbmgﬁhg CEP
| m!m:p'@g‘fogmglpfp @plr@flg as wplpasdjusleip é@({lﬁ@gvegfthqy\ﬂrogh A&P@rowded are
I nmﬁdbwaatj&de@ﬁé@fr@n bAlsd &b edeapagullylhoma heaoy ghabenytaniadies,

of Jm oclo ' ned cDNA nDIecuIes
ha¥ ggﬁenesc ﬁge& gggz%@%agﬂ%%$ﬁhopf et al., "Methods

for the generation of chicken mnoc Io al ﬂ%&p

£ QAR TR O HEf TP S oF RO TS b S5 wiessse

(2EM30§ubhéﬁﬂﬁhstOG%ﬂB&géﬁlVV®D2085945 "VIRD20§ 8008545 BraV 02007096779
%‘%"J‘éﬂo%@% L% §§74(519Q@6 00509206, 733087, AJ3 B0Ioes; EP

nonoc ona |

es w t'h hunan idi ot ypes have been
gehrsP H/eO (At anf Hediid® Sﬂ?lbodles can be easily
converted into fully human anti bodi es using standard
noloeznél Rirarrceltog\Cotmeedtiengiues. Ful |y human nonocl ona
anti bodi es are not inmmunogenic in humans and are

ap[@biﬂ?l’!h @tﬁﬁthgrcérmb@&&erhtl’éf thb erebdrinagmBeH, parifitd @adaaend! oodolyclional

ects 0202] Ant.i jon

I n%nr']?‘ B%?z Wlxgij] g/(gh ana roprlat ?r}?gnaac%utﬁglc?%rgg éu[ﬁf) o%e
e nixdiisteatian, to patignts g@ﬁrowd%@ﬂamcsutmucernpqsgie% a functional
Ig ight chain I ocus, and conprising an artificial
hemuabsitaiems Ir&eddSwith afeq;hiamjt@eeebnvnotmnnant thg@vention are
pr od c ohad &%@ga fa‘l gal l'y

R e A e e
|nV@ﬁﬁW@derOV|des monocl onal anti body produ0|ng cells
derived fromsuch animals, as well as nucleic acids
d epob2oopPHalredcedticalinacddbsble paroaris dhidh candve lenbioyadidmirs present
deEHaYr#éie tla&" Srfq;!scs%manﬁ!aﬁ Be Qﬁﬁ\ﬁh Gﬁsgbwaﬁt@ Jlsl]élerlshén %&Bﬂsdﬂﬂ@Vy

chai n- Oﬂ\]G

% di es, encodi t, gFerﬁ orcamer is
o sesais aabibe Jigu EreTh B B T onearor s e reet B
c hédtimental ¥ taneiibedbes therterdpouiteifeaivanaes of the aniiggies contained

exXAiRheis S8R 1R ohaMiHRbica boriitsitiNER2 A8 8R4t inV¥HZ08 88Adriate.
WO2006008548, and WO2007096779. See al so US 5, 840, 526;

,541;: US 6,005, 079;. US 6, 765, O
5. B4 06i 2o TR BRI SRy B S £ s
[ 026 indRivr iR Betat. saiae s@anmglp@hobﬁ@gar gel, lipids, llposomes ‘resins,

porous matrices, binders, fillers, coatings, preservatives and the like, or combinations

thereof.
[00211] Methods of Treatment

[00212] In a further aspect of the present invention, methods are provided for treating a

disease in a vertebrate, preferably a mammal, preferably a primate, with human subjects
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[00207] In a further enbodi nent of the present
i nvention, purified nonoclonal or polyclonal

wa@pioshodses are adm xed with an appropriate  PCT/US2008/065419
phar maceutical carrier suitable for adm nistration to
patients, to provide pharmaceutical conpositions.
[ 00208] Patients treated with the pharmaceuti cal
conmposi tions of the invention are preferably mammal s,

nore preferably humans, though veterinar e re
al ketngen esraBlvA dered BBt B AP RIISIENRY R ?Fsaﬁ%"gﬁt abl e

C agdmipBEitonWwhing verdion dirgmgibiayeethgisact diagr esent
phar maceuti cal conpositions can be any and all
SOLOH@IQLX e a%b%ﬁ’&%oﬁ{ Qé’?tloﬂ? génaoe us&Ph Bk @ncﬁrga@ﬂﬁlﬁe anfbduB® an
! nso a ¥ conyent t F stmélseasb oﬁggt% icits
di ntiesiye %Fty @d}”f“ia% Pqué's%i‘Sf V’ FEReRLT ?08 "PHe PECTPren
t ouridbgretl heabageat inoued feemhsase fes'sntigéniq ﬁlmétYa'ﬁbel@@ @pfingd to
c Oélkérln d aﬁmruglb %rh cdlls$ddS BounB n{ol@&ﬂ&h@dld@fﬁ@ Rrbtdirdads well as cells

conposi t| ons resent inventi [

oo rseesp o iz sis o e ot Ses SesE PP E Pbfo o ar
pasttiesly aod prefetabigl acealsoicapable dEstammtiegargfmeag eprRaNSe.

include oils, water, saline solutions, alcohol, sugar,

get0021|4]Mﬂﬁstratlém§@Hﬁ§odyr06§bcﬁ;ﬁxon P&irRLEh uﬁf&dﬂbtﬂi@ﬁnt asa

bi oat res t

| R b oG s SRR S SR e e/ ous

Tr eticteen & s@i9 2distraomoffanitopies d%ssqaé%stth%rfuntbﬁ@f BYestQparticles
' ny&eﬁauyom to H@ifbl@dﬁorar:&nrmrmj\mi@daaiﬁ 0000tisIE a$imMmegly canth oy tie@py

pr |in r‘?ﬁ? E{st\/\()\F rat naFw)trdeseae [ a g%ég%del x: other@lB}%r% bhafon with

rran Su an especl a fy
pr effee\oﬂﬁer@pyerﬁ@@gi; W@ﬁymbe@yf raglignant %gqnﬁ@ﬂyaﬂ Opta f G fold pr more than
anf ddo@sly ﬂ@ﬁppﬁ]by berapaatedtoner snpytemist amoute si tirabb essfirerthe

t r eat | nig?hgnnap ion of m ectS ous E%Q(Sél@%%?ag— %l@rgtd pwosg?ﬁe instances, therapy

neutral i ze or
ot mi@odanreammogéwﬂl & eentinyeyl forxtAea AeTogRY tnedsie gbsence of
t hadte EASRRUME oGABdtiblIdNAFHR RS bruntéstaaseslior t hat elicits
undesired or abnormal i nmune responses. An "antigenic

OPE%&Sl#n Qethﬁls% (fggrrtsk&gcﬂhe%by%’%magtloﬂ%ymﬁ%hé’ @s@on@és may
ules’includin r

IR Bas & ToitRIe B Bises ol eI GG BRGE Fakke

or cagRRt Sor bltadde@p@ioad oftima st the apaideef afy dseasdispgpteos. an

anti body and preferably are al so capabl e of

ST oo efttile i@t trb AT %a? ge %H&%d il @RigAchdn ViBBhBrh Sthdradyizon
of “an anti bod NPOSi ai nst _an.infectious Qgeasé

o Qo898 PR Ly T TR GOUS GRS PSRt TBICT AT G, ‘R RRRBTTNES 3%
r epatiebts oi trangdidniienipientarantifody Merapy ey quwioy ¢ e@munpt'on W'fh

Lﬁo&?meggwétﬂ{e‘aply QNRfged BiidRPeHo AshibH @6h @R SR tidnBE
o nfectious particles generally 10 to 100

0]
an{oo%gzgl ?tﬁtéoln%lﬁv efq%esﬁ gtmcorﬁ?rapad% %q rr tﬂ!a fjentlé amty %&Jgée(cg.se
enpl oyed as a nonot herapy or in conbination with
chist8herrapyentadduces the number of malignant cells

generally 10 to 100 fold, or nore than
[00219] Directed Evolution of homing endonucleases specific for rat immunoglobulin

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 exon Il
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1000-fol d. Therapy may be repeated over an extended
anount of tinme to assure the conplete elimnation of

w0 pdosasiosus particles, malignant cells, etc. |PCHUS®08/065419

i nstances, therapy with anti body preparations will be
conti nued for extended periods of tine in the absence
of detectable anmounts of infectious particles or
undesirable cells. [0021 5] Simlarly, the use of

anti body therapy for the nodul ati on of inmune

r 660 FSEICHBACCEREG B endihe sihprgriaingst IgHipn Bl e
gd@TGG@MM%AmsAAﬁGA) hekapsas srareantd (hodites1s bhses) sqyentay
e.c e

ab'g%g tﬂ?’we na{ural re %&gg‘g gegqu E Biq %%f@%%%é%?ﬁlﬁ%@b?%& Aé-(r:)t

treatnment m be enpl oyed in conjunction Wt

chenolffgd é‘ﬁlp et T@'@@ g@c@@n%ea % r?tdghé grong ghe diEqrent f]ucleotldes are

i nfecti ous di sease or naln@ﬂam&wps I n aut oi mune

di-sease Clll ents—or—transptant—rreci pl CI antibod

%osition

therJﬁWehay be enplé?@ﬁmF conj yncti B dﬂﬁ*h
MMTUNGSUPPT eSEEYE: L NELany: Al=-89Sages gyt crent 10 gy,

i nhi bi't" i nmung=Teacti"ons. ] Al C|tat|ors are

expresgly |n006f@@@ufﬂxdm@@gA;G%r t hei gqg@ntiretly by exonln
reference. [0PZ1 8] Experinental| [0021 9] Directed

Evolwide of honcegaprdresd@ases speeific for ra
i mmunogl obul i sequences. [ 00220} An an

| gM exon sequences resulted in the identification of

S efr‘%l&zrzﬂl For @1@ gﬁéme% ifePof ﬂ&ﬁmgc' @r%ﬁlﬂ:fé@%s sBécn‘@ et ‘th@zg@{aﬁﬁt sequences
en onucleases

G IR e
W i cnumatentwleﬁm cledvaGETIRRATOACARBRST G (deactibedia detail by
ot @ﬁern W BRoING %c Acﬂi’%e@é@& 13 1s): éﬁ%-rmm't)on strategy

These sites share 61% (11 out of es). S qg Table 2,
| RSB ORNYIPPef h%ceh‘é?('ﬁ'?t%ﬂ‘”wt@@Sbsﬁﬂ%en%er}Spgg er(ck 8‘?’” i Table

| - focielge{ SEABBEATINACABEEEFNAT)es, TO022 TPi2, T @elertedﬁam@ﬁemed!ate
Se&ﬂ@%%@sswhl@ f5 éthZu%P&QPT& b Rew didubRes i1 @H@{Tﬂ@Weﬁées

are under| i ned neerin

oI P BRI e dPe THASY (o FaronE B trer caed tne
uSepbrepidtn@hb yiemensLddyvisiisel ect-Laer-Thor resdeetivelyr ect ed

evol ution of hom ng endonucl eases that coupl es
enzymati ¢ DNA cl eavage with the survival of host cells
( dmmlma 2I Beqlioat In thye GhRNthanterditatslediue 23 enddina)

Raca rr-h 1Q\- n1E/I 2005\ A

TCOoT u\ LO)~C Lo, ZUUJ)~. AT l O L.UCVUI ULI Ul! e

Stepait €11 Was TAGEGATAAGARHGEIAT | - Jdid| | TABPEATAAGHAGHAGGA
target sequence specificity. Asishown in Table 2 _ for

bapgelTaeque &@%E&TAA(MGG@@T(&G quenpes ETE3GATAMCACGHAGGA
wer e |sel egted as internmediate sequences, while for

B R e I s e

H-1-sequences were ctoned into the report prasmd to

yield pll-LacY-T3i1l and pll-LacY-T4i1l, respectively.
[00224] To obtain I-Scel mutants with T3i1 or T4i1 sequence specificity, molecular
modeling was first carried out to identify the residues to be used to create a focused library
via saturation mutagenesis. As shown in Figure 2, |-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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[00223] Table 2. Sequences in three steps (the

di fferent nucl eotides are underlined) [00224] To
Wo@bioaitsiost Scel mutants with T3il or T4i 1 sequePCEUS2008/065419

specificity, nolecular nodeling was first carried out

to identify the residues to be used to create a

focused library via saturation nutagenesis. As shown

in Figure 2 , |-Scel binds to the 3 end of T3il or

T4i 1 through a rel axe i

o GoE P RSB P G g9 iert 1 7 oSBT e

ar e tdatigerebadion EidsDNB trapsfdraatioh phenedGehiverel gptitiized dtrough seyveral

t N@alk a8 librkd) ¥oHsRE g 2516 ° ButafBdaObredtbe W | d type
recogn|t| on sequence thr ough hydr ogen bonds. A library

ts. containin |
oo G g P R Re soe FrBRE D PSP IR PR &
WeF ! ssherce LGereRBasyo B0 A YRS heReAgnEgiraund pscreening yielded

9 exﬂ@t&ﬁ& @;trﬁn&r@ésg@ a@iguard ihb &M Yequbht® shtglt tarsuvRackt aas
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t oval ds un W

t yﬁ%dﬁd éa”I%)W'% 'rhcreafS Py P V't}’ towg(%qpaf@gsr éger? F%g yi el ded
mutants with i ncreased activity toward the T3i 1l

Semumpla p§rialfé¢% sbé&ad o,tﬁérgf oSILECHIi nvddntd tatgeting@s: 5 aer @ s estobnition

%qul n%e waEsn dresc E'{Fgﬁe f‘?% hé; c%g{eg U% hféah%attg? r?hh{a% n%sns was .

s inr O venen
cefopusggiprihossl residipRntesiciig) vath Ithe, 3" et the frrua pyf %ﬂ?s orihe I-Sca
SClee@jl6h §eqlienk&@akedBitracalamvhddalingNTrp €S ek 180 Tires t ahd Asn152

t oMe?r 91% mnﬁfgrlﬂejforﬁgﬁ B&Fﬂg g- en§ﬁl(5f%%pdeg 96\39]‘!52%&1@&& §1rectly with T(-

ncrease
T4T>1hoyefqm@ﬁ>@en bqnding 26p 150N H A Hi2 '@Practa °§%Q§6?1Eﬂ’ ﬁﬁ%w%ﬁey“y
of thbugS@@atdﬂ‘db@ﬁIlé Tirat@aidiTyg 51 heerdst wiertte giosjiHa® backbone. Thus
r et%g%r}%fr re%ﬂiuec‘ agéj mgﬁanw@%heds%au&@@%ecxﬂ_a? oif l'Src§Itan!j Blpwﬁﬁarn%us

crea using saturation mut'agenesi s was focused
t h%?é‘éatpémuﬁ’a%&ﬁ Ae @P%ﬁcf?wrﬁ@s'w?z waStOI%e g cregied ssFod HéC?' qufant
nupkept i des of the |-Scel recognition sequence. Based

‘ on nmol ecul ar nodel i ng, Trpl49, Aspl50, Tyr151 and

ﬁé% R dtﬁer ch\;omgonrgﬂthe &E%Qegu% lm g@{erétﬁﬁ 015nov§ nd
nuc I nteracts direct %!1
t h@%ﬁjﬁuqlﬁ?a?soﬁéﬂﬁcﬁ?fﬁﬂﬁﬂ §EIURRG5E Bgatagly © ’1%? % f'nt er act T

OPEETIGCATCACAECBFTEaHdrGTAGATARCAGRASC®@EL er nol ecul e.
Trpl49 and Tyr151 interact with the phosphate

bagkPR{eginkbHhe of &8 Rith Qihed s%§uéil)b@§e§fﬁcﬁy I mportant to

the sequence specificity of I-Scel and sinultaneous
g%zgifogﬁﬁgrmt a ﬁrrz‘] eci hg&lgnegd@)? c%taSﬁ%%rBecEf%‘?orq%ﬁtﬁ@%fseg&qges

Fu\IVQ red adigbly é¢r1§ttlvezﬁ¢leéﬁontf¢féfseed'reﬁﬂ/%'s't*q@é (erfiag ¢nqoRysigases

JeRQBLPIRARNYImalOURA cIBRGGWIM tRASAB/a5I @64t Eélie (deatribbdin gethil by

( rai e R S sy on 65
Engjiateaefor enginggring J-Creb migiaptryvith dpfinge secsensa é%éw@pv@é AesiERe--
Crel recognizes a target sequence in a pseudo palindromic manner. Palindromic bases
are directly recognized by I-Crel and may be difficult to be altered (J. Mol. Biol., 280, 345-

353) (Fig. 4).
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[ 00229] For the engi neering of hom ng endonucl eases
specific for novel target sequences we used a highly

W@ e0usi15108e sel ection for the directed evol uti oPCD1S2008/065419
hom ng endonucl eases that coupl es enzymati ¢ DNA
cl eavage with the survival of host cells (described in
detail by Chen and Zhao, Nucl eic Acid Research
33(18):el154, 2005). In addition, a general strategy
for engineering |I-Crel mutant wi t h def i ned sequence
s pkae230 'st%PORﬁH% higds HR Stect preinerrine SLITy Rl CRENPSY %??558?9“'283
S efpeRRRIrdnit Sqpses ds palcomethanrablenathe darget Reduered mesigided
baﬁéﬁefﬁ{aﬁ u%gll;e%ﬁ” Jgr@g@&l rﬂbl?@gwr@{reém %I@l -&8ds %Etﬁmﬁ% ?Eosr él')xe

( Figrmedlipte 5642367S O?Wﬁéeﬁﬁxaéﬁaémrymﬁﬁ%‘e? dgh- ﬁ% ol W”é" S,

engsgeetielyggwé 4) Taerethederal watents ewtimiaed for ieleoipdiateseguences,
no&e Q@dr ﬁe@g'a %rrlegogﬁggﬂ‘\@ @acl:éaet seTqurQ% %Qlﬁﬂgﬁﬁet hxh&l nf@@nﬁﬁant

(USSR OAMPHATEF Sk g DFLITFOY (BMAUET aRErop o ceave e
| - Grget seygenoptih Fildited, flisim of the laftritat pﬁmheamtagtquémﬂ;@@t-mf

t h?ptlln%fe& mn@lwtfbgQ%Uyﬁ%ﬁ%k@%x&rhﬁed’ i ght - hal f

ronme spectively (Figure 4). Then, the I-Crel

t ant tl df
ermn@‘a%éﬁ ?G;P aercr;lluérg;s évﬁli?é gxo(nH\Z %%’%A%CE?&R&@&E&TC% Shat shares
pabd%hdeoprme idntita ity thel na@r fé|femm'fémtseﬁ@ﬁ?fe@fthomgfndonuclease I-

OPEjeMyzE feftRld. |S@E§e‘qtf€ﬁ'd§f bAE Jnhtﬁé ideBtity b gHNbardrait oasss Iwithin the

be t
adeﬁgtniabﬁgelf ﬁggfabﬁeaa?nclehg/vq ﬁotugrh S5 f'gbe ?(?S %ggglar%esdec@d as target

Wi $dquérizes fio legfrel-ehaihderiopt | M zed nut ant by a pol ypepti de
l'inker is exam ned. [00231] A target sequence within

exo2324-¢ M@%’HG@&' @T&E@KB)sedubraies shares 59%

segUence—i th } f\l \Ah I ¥ Cbuué” é 8I
comﬂ&njroo of. Z\ 5“ e Get—was |ucm| fed:

Second ‘ﬁ_';ah

uuuuuuuuuu ot
||La

Homology
t)M'l) palindromic
50.0% 64.3%
59.1% 57.1%

Pahﬁgrolml sarerbrig ght%ja(ig éeévedarseesar
wr [00238hTHerwd@lgdt $egemnced, m@Q®G1]6 Wére clpm inte regerter plasmids. The I-

S Fg}é%leq'\@%s Eéne@r}ﬁ'o t-F:@ pTr’é’%fa?le laﬁ’cﬂé%@uénﬁécpto &tk thef no mutations
asm ds

p I H%rﬁ“ﬁfo%ad g‘é‘&% Eﬁ@ @%pl?‘Bat'S ) nFie ! %q ﬁ%?wﬁn Sysg{n a%)eva&ated for cel
wesevivahtatessduced during PCR anplification. The |-Crel
sel ection systemis evaluated for cell survival rates.
[ OR824} inlaBaiRAdindibdR mBEdiRFWAsAIeriorade bid\goten sesldassf that werdact
e resi dues t r
suSge? b0l pER AL REe b Rled Ak HlEsbl vhlfetiae
t hesauertces fveid ivép eo-swwiitie e MediS- in vitro co-evol ution
experinments. Target residues for saturation

mut agenesi S'I‘arget residues for saturation mutagenesis
Target residue Target residue
YN-TS5-L Q26 and S32 YN-TS6-L Q26, K28 and R68
YN-TS5-Ril R68,R70 and D75 YN-TS6-Ril Q44 and R68
YN-TS5-Ri2 Q26 and K28 YN-TS6-Ri2 N30,Y33 and Q38
YN-TS5-Ri3 N30,Y33 and Q38
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Target residue Target residue YN-TSS-L Q26andS32
YN-TS6-L @6, K28 and R68 YN-TS5-Ri| R68, R70 and D75

WOReosESHR | Q44 and R68 YN-TS5-Ri 2 Q26 and K28PCT/US2008/065419

YN-TS6- Ri 2 N30, Y33 and B8 YN TS5-Ri 3 N30, Y33 and

B8[ 00235] Subsequently, libraries of 1Crel nmutants

are generated and screened for ICrel derivatives with
novel target sequences. Further coevol uti on of these
enzynmes results in the generation of nov
melgBasaLIubersiently Jar@ries ¢ I mUignis yeneelsy aa%%:éee\ﬂﬂ Ry I
eX@vdiivesodith nale! fagt CGAMCEGATOCT CAGHERGHOBSE enfyD B2 8B} ts in

Entgle B?en%Faltx&gof %gv fllweﬁlgg%ngc! %'g__ sp@%lfgraastgrﬁet[sg&%ﬁge] within exon 1V of rat

wer e designed agai nst
se‘qMéﬁ/éfé%T%Tg%ﬁﬁ@G?é T¢ERE (exons 1-4) and assenbl ed
as described (Zhang, L. et al. Synthetic zing finger
t r @OBET Erpinbong badicdingaotdamesat an endogenous
chrom)somal site. Activation of the human

%M&"vpm fﬁgérrax&&mzpp; weld d@ggne%@ahsz 25u3AREOnc3SBER IgM

and

R e e A i O i

t afegertaenbntam ameTiessP c@rmsmmltm/*w@@tioo ﬁfsthe Mﬁn@a@hf@ﬁ'etm

%e\ﬁésﬁ l%igggh&'ﬂ%%@éd L85 Q@GM Bnd L&\pb?‘{] gt al F&g@btaon@hem
rme;néifxg%gusé%‘gs ﬁ%aérg ?]Fﬁnlelln# d%s ﬁ%ﬁ”&ce‘%&ewmté l% th g&%&‘% a%(gessmle
Fi chgenatiB rdgiong é\ptlvatldﬁlqﬁg@pulg eF@Qﬂgﬁéﬁ*' Q@WLH fAKes rJ BolgChamhker

4- Sred. £ 953 1AGI GRSoNEWEAFE moRBEL SR RSDHLSR
RSDNLSE QNAHRKT RP TGEKP 17065 AATTTGGT GGCCATG
DRCNA -- DT L RSBAL-AR-RSH A .
.- Ot erg SonZbagn Fihaer Ig " sk hel \ ingd |er6 G r2-3

Linker 4-6

T OGRS AGIchs RSANER RSMN RESDNLSBEOBIRT (JOGSLE | R TeGERP
TRSDVAx Sl EBECS QR ST CSRKPX 1 7068 GANGFCATGRAGGGTGTC e
7ERSALSRCTSEHL SRERSPNLISTRHNATRFN BP%J&LSF?D"\‘SSGSLTR T

ﬁ@@%mﬁa R S STaRE,

17 Gl EECT refISIDLSRRSRAL T kSEHL SRsREDAL SR TGEKP
17RRSBcSIAGHRP AsGEP kE1 9 RAGEAT GFGREEEACEG RSAHL SREP

TGEKP
TGEKP
TGSQKP
TGSQKP
TGSQKP
TGEKP
TGEKP
TGEKP

BSGLTR RSDALAR RSDTLSV DNSTRI K TGEKP TCGEKP 17120

e e e ety

cl eedifierdhammesicat Bee Colirs edleeion PO BN F-12
obadine dnvitfogen) s lereted @ains % ypeifidubtaicaiéseBonh [FESt Hyponan th %

gr Qor?e s%?’un{ @gﬁ%ﬂgr%%ﬂ %{J:tav?!%e gl \H&b ngéls\ébctlaﬁ&g'ﬁ:‘ﬂ") plastlcware

T et al ca FCS,
Hy einsrTeypLE B neiases BHaRT |Fﬁmf§”ﬁf8@té’ﬁ) B 40 Gy ver e
gl Wﬁrﬁiﬁoﬁ]@plar@@ﬂ\l& MELELNNBRS SAGtioaSEACils ®ere rhdssdcted weaneAmaxa
siI.n ect r ot n
T MR B oG e Bo ek BEF 1 Bl HERPE b Pl
pI supPidmBNRd, &rid gD Triescid SHF dRisRstSrnsiecie %e”%%f%hawested
t r gnsdhReloeshdl DNARaAP®BYRed using a Quick Extract Soultion 1.0 (Epicentre). The
appropriate region of the IgM locus was PCR ampilified using Accuprime High-fidelity DNA

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

example demonstrating cleavage activity is shown in Figure 6.
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Nucl eof ector Il Shuttle using program 96 FF-137 and
recovered into 0.1L warm supplenented, F-12 nedi um
wabkoeas@med ni ne days post transfection cells WeeCBUS2008/065419

harvest ed and chronosonal DNA was prepared using a
Qui ck Extract Soultion 1.0 (Epicentre). The
appropriate region of the IgMIlocus was PCR anplified
using Accuprine High fidelity DNA pol ynerase

(Invitrogen). ons t hen

o ek G9Foihin et BT G R REUr Lo B R hetod
ZO@mgessebn Aldsenicarenedingd nBdoupiassem xed with 0. 33mL CEL- |
enzyme (Transgenom c) and incubated for 20 m nutes at

42|iooﬂ@ PO LN R LAEL BB diMES %e@dﬂ@éléé%@ ehdayic ok yaacn ghoand clred
el ect r ophor esi |n IX T

into an ex t io c rﬁr g%i[ b éhel:?et ac clTI eoperatopr‘
tyﬁ‘i CAPRESESIP NG ﬁ§’fprr%§ﬁ ?15 GREVED] RS

s hseowericer FRsQisrRNAGs [IB 239 by @stictioaehzyme gigestiap Q“GWU('??d Rat -
| Nagliby Ak athisded %E'QMgformGQ&’ Witte D dridgdre %Hé‘odM@ la racycline-

expression plasmds enco nucl ea
RSB BIAGRAIT e iR A AR R SRS ol of Shon

r afertiCred est oocytes. Sibsageehtly, m@t@?mm%wp lffé@ﬁéei"@ﬁ intecfesteymojiteesy avd

eX&B@?’t’o@eﬂm' RewbBmE El‘élénﬁ?zeb%rEH@%résSﬁo@@CM@dah%a@@&foa&ﬁg’

uence. a esiric
NS o T e e
f eartimals are ousied for fopemanisavhan thay wagh thuaém?tﬂ%ih%@fﬁﬁs'on of

enﬁ@é@n@c@ea@e ﬁw@rtaﬁs%@?f@ larhrﬂﬁi RHROSSILY @alfy%bfrﬂfnféﬁatlon of doxycycline for
transacti v

pr ?ﬂ’?lj?: peyen @?VS S%Bﬁeqfx%pli{ ISP? gv é%com%c?ed%e Per weerau n%taﬁgyﬂeg E;Q PCR.
Suldsle guieals brpdudiratmudaiest spern aie ésqderirh’Wé'FSF &ffsaring with pyleler rat

MOE NSk ety BY BE@BiankR of REMB sahgbor ns are anal yzed for
t he presence of meganucl ease- encodlng transgene by PCR

usjn d fromtissu
tr Qﬂgﬂ E%IAE " a??ﬂf%éag? WA el &9 (ZO o%g%avf/ 6 ”%‘ faus § Phirdection
whefifertiresjoacecitha¥asmil Difeengedingys SPE@(’&'@@WL@#W%FF
neganuclease in transgenic animals is induced by daily
EbﬂZ?A EINA Qlaudice BR%YIRYE hwle@ﬁuéléyse opeRifit ©r 8 &X e extayscloned
se

anlaio %gor}%%l;)éh,@ﬁor %rs%éoﬁgs%ﬁ icstcgn rode\l:gcb%ﬁh&&&(% g@ﬁxgteﬁﬁgrmed
ar paar@ENA bris ihiededintagron g 9f|dpmﬁgd it Pwytﬁatsab@auqnﬁx r%m
ar @m&r@c%rét’é ttdn@fgrrmnt!?g&eaﬂachy@ bifd Bbught {6 Sn@. I\feaAESBHnQSre analyzed

fg(/&})e %rﬁgﬁngee ! gtté{jg nggp exonsab SPC}% nla dgrgczf.‘géqlﬁ(g% g %Fﬁg&%f?%%als

oi nj At
oowtae@g\mftsmtp Imﬁ*ﬁddgwnéﬁféwi‘ﬁﬁd By §ﬁ)@eﬁ*°rn°&heated and cooled
MegEeR Yoh@asAth[dR024dymb apdhiBsspe gaRcrRIpadiinNg a
meganucl ease specific for a rat Cmexon is cloned into
an expression vector where expression is controlled by
the CAG pronoter. Purified plasmd DNAis is injected
into pronuclei of fertilized rat oocytes.
Subsequently, rat enbryos are transferred into foster
not hers and brought to term Newborns are anal yzed for
‘the presence nutated I gM exons by PCR and direct
sequencing. Alternatively, animals containing cells
with mutated | gM exons are identified by incubation of
heat ed and cool ed
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PCR products with CEL-1 enzyne and subsequent gel
el ectrophoresis.W Claim 1. A nethod for producing a
woe@bligioger m cel | having at | east one inacti vaP@rusS2008/065419
endogenous 1 g | ocus, conprising expressing at |east
one nmeganuclease in a germcell, fertilized oocyte or
enbryo, to generate a viable germcell having at | east
one inactivated endogenous I g | ocus wherein said
meganucl ease recogni zes a neganucl ease target sequence
Wefelgiwent in or proxinal to said endogenous Ig |ocus. 2
A nmet hod for producing a transgeni c ani nal
1. POMgHoL Sdr pGdadingledeblte gomecel éavind at astvae inaatigdtedtiendogenous Ig
loc%’] g&%ﬁl@??’ §xr%lr£SIl1é)§t%%st dn€ mbén%blg&eqir% §aHhREl, %ﬁﬁtf@i%@ﬁé"djrc

emphadt FUAIET WRASERGISST T 1 et o BT REh e Ea b R beys,

whB@ saeiregshucibase retognizes aoreganugleasnitaradtlsealienaserasanitn or proximal
to%ﬂﬁ%@%&nmﬂh?%&kn said transgenic animal is selected

e group consi sting of birds, rodents, and

weasel s. ) met hod accordin cl.ai m
O o
enggelage [yooers's, |ogmbrwusierﬁwngtah@nsawnpw'ins!é@ma?fw\/'ae‘?EetGEfm ?ﬂ”é’?""!é’gat
Ieagtcb?’e'ﬁ]actm% ek &@bggﬁorc%&ﬁj@éc{éca&wﬂ@io tEORRRIISHE Slait, or a

artificlia

et hod ai m
oo bl B PSS 680 0805}
corhs@cmgsofbmsorosmadam wdsb®s.germ cel | having at | east one
i nacti vat ed endogenous Ig | ocus, or a germ cel
3. GRS ﬁﬁ@tﬂ&ﬁé&orﬁ:h@fe%ﬁm @ rwharefn&létd ivlablg gerort yévingat leastbneyioactivated

encgogéé)o\éggqeécr&gguﬁp t"lof E)nses %Wfiu%ﬁég:csg gpé%ﬁ/ryaﬁ 2 ggm; animal
compises e avtficlebgddeedi m 2 mhereln said der|V|ng a
transgenic aninmal froma viable germcell having at

4. lreambthedgcoraiag tol ceat B dureacdogensngsnttagudimcnsrtificas bsgdnto said
wa%lg rlrrpégggav%%'aglegét ?Pel xﬁacﬂ@eﬁé@ e‘ﬁ@ééenod%rlg Beldedr M6 dell descendant
ingmed T4 P PapYIe SRR RO R S O A SE P CeoRT T

copEps ars@tficangactd. ficial 1g |l ocus. 6 . The nethod
according to any one of clainms 3-5, wherein said

5. %é hnEinGd Qécorhﬂg {0%2 GHNIRIH s3R%efiving a&raVsdeﬁig lafimal TR d\gabRt
oo S PR B R B A LS ATl 8 SR s S e Y Ovie
geomes!iour ayemece] dgeem@aste@amﬁmsth agadeté F<i>m9”3‘691é” yificigblg eocus,

whgggféé?d]thngfegfc%ﬂlmg%ﬁ\pﬁs%gEﬁ‘ﬁ‘r‘nﬁual Whexein said artificial
ocus is functional and capabl e of undergO|ng gene

6. Tﬁ%‘ﬁ%&?%ﬂfﬁﬁ”?@ any} gne c?lc'!l(azljmgg&» ?wﬁ&gﬁg 9%* \%laplg Icﬁgé #Jl’ﬁp?légl(l) a

ransgeni c
V-saibuhaysg At lezst pne hvmarrﬁeeraﬁeqeawtaaf@é'ﬁ@? AYMENeAr fyRsTMutated

hu%rﬂ/—@ég"bn%ﬁilr@ agla@&iu@nd'éa@i ée of ma@U gefeselynads; iauddie dne or more
co&star\aﬁgggg%e ggrréen?s wherem aTJ‘Sm ?qg)o(éu&g ?u%Et%hél gné c%pgtgl@bfm

anuc ease sequence 1S
ungmgs@rg;em paggngement and producing a repertoire of artiflc:al immunoglobulins in a

transgenic animal derived from said germ cell.

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

Ig locus.

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

proximal to a J gene segment within said at least one endogenous Ig locus.
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proximal to a J gene segnment within said at | east one

endogenous | g locus.9. The nethod according to claim
waoosherei n sai d meganucl ease target sequence PGI/US2008/065419

present in or proximal to an immnogl obulin constant

regi on gene. 10. The nethod according to claim1,

further conprising expressing a second neganucl ease in

said germcell, fertilized oocyte or enbryo, wherein

aid second ase. recoani z
b B L
pm@&ﬁdO@ﬁ@U@@ﬁ@@%mﬂgmﬁ@ﬁU§PnEim*The met hod according to
claiml, wherein said germcell, fertilized oocyte or

10. ETHI iyt o8 @BFDFdirRAS claimge ﬂﬂﬁér(ﬁorﬁﬁgag exdreang a saqonessgapnciease in
saig %tcreii’I ?ertiiig cﬁ%&%yt? brr%gn 3}3 \iviie Jg:l s%c&?&pﬁe%&ﬁicfegsqu&igﬁi%s a

I on'opera el ¢ acl d encod |ng sai d

sewe@@mfepe%?eefaf@hﬁfq%? e"eﬂe“éﬁioapfﬁ%@%iﬁ%iﬁ'deeé’é%gﬁngus Iglocus.
expressed in said germcell, fertilized oocyte or

11.€THermysdhdayaccondicd nigimetx phasis s go celaifedtiligasimonyte or embryo

corgﬁgéméj ngrﬁaﬁ?ﬂe@ Ei@%%'e?&eé‘s%ﬂ%&isii%t con;i-;%ism Br?m&ﬂ%ibhe@pressmn

i o e RS L
corg PARGT Y ASSF ST B GPC Bgr G hiFer Wheeh =
me@adEiessiiaxpeeses i wadtgerni &I, Fitizedetdymor arpb‘im bli indyicing expression
of&@em%&mew@&&is@ exfediol&dniel |, fertilized oocyte or

ryo conprises a second genonic neganuclease

ressi on nstruct comprisin Cc

rr%egiéngﬁcoggr}gttp 8! mr g?og%nswﬁ;er?geba?r&g tFe gtﬁp %{ qdﬂy rg‘g SJ SSiO of
ﬁregamwaﬁﬁawleemdﬂeﬁﬁgonm@qtreﬁc acid, wherein sai d
second encoded neganucl ease recognizes a second

13. nﬁ@aﬁﬁiﬁdd%@&ﬁdiﬁgﬁb gietn SCRMRAE SRS eal, fertinzesiabehte or embryo
cora%ﬁ%.%e geggﬁc’ q,eaomic megdnuc‘:’i’n a%g gxpﬂes&%‘# gon@@%h@o%gwry §§ercond inducible

UcCl ng~ expr ess
expesgan gmtfeiarS@Orewe@é'V h@eﬁ@@i SERAAEgEN UC RS AN S H e Agid.
wh@r@ihtsbil:i is@déﬁ’d 8636 QbR ENEYBcogdifbs aAetdnd rlegargelbasecebdt

avin n |
o e ) OB s SR AR Splfeaucing
eXresaian gfeEiﬁidcseewP MeDanyperRtaEaPIRg NEFRIC Rk IMBRE ¢fEE SRRz
oodtedr BmBrye. 16. A transgeni c ani mal produced by the

nmet hod according to any one of clainms 3-5. 17. The
14L& %Qﬁgﬁghﬁ%ei@mvmalat Ié’gs?&{eqﬁéag/aieg eﬁc!io@larﬂﬁs Aok Frla@uced by the

ereih salrd transgenic ani nal |acks a functional

”méﬁéé§@W@Q§3@@mﬂight chain locus. 18. The transgenic

ani mal according to clains 15 or 16, wherein said
15t A aarsgend aninsah proadced bcks mathpdiarseridioa i claimdogenous | g

heavy chain locus. 19. The transgenic animal of claim

16.1R trarV@B@rﬁc%rﬂnaﬁ Blobuckd BYHHE BBINGd addbriaRy td Hy eedRIarnsafs.
produci ng i mmunogl obulins having a human idiotype. 20.

17. TJi"]i'ie tFaEsgg%ﬁggr%Si a%%g @ tﬂ gitdimgliglom@l@her% l@%@‘réﬁs%&ic@ammai lacks a

a functiona chai n
fwm@m@§”ﬁWémwéﬁﬁ@P§%§”&ﬁﬁhrt|fiC|aI | g heavy chain
| ocus, and wherein said transgenic animal is capable
18.thepfaﬁd;eﬁib agmhleasydigitaciainsrbpr tnivhdyeid s@siransgenic animal lacks a

functional endogenous Ig heavy chain locus.

19. The transgenic animal of claim 16, wherein said transgenic animal is capable of producing

immunoglobulins having a human idiotype.
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21. The transgenic animal of claim 16, wherein said
transgenic animal conprises at |east one Ig heavy
wehb@snsloecus with at | east one C-regi on gene |BCRUSIP08/065419
sequences encoding a functional CHL domai n, and
| acking a functional Ig light chain |locus. 22. A
transgeni c ani mal conprising a genonm c neganucl ease
expressi on construct, wherein said construct conprises
an i nduci bl e expressi on control regi on operabl
20 Bhedrepagain aw@&ée@%wf}%@mﬁa tgneoehie PMaLRyS aﬂ)éﬁ@f‘% Fion
ch@a}b@sen@mﬁ@dsamg anitig episevyr eheio (noiiz esd whemeyeailicinegesis animal
L REEHENEERAESEIN artBodis. Proxi mal to an
o %%% Rous ?g ?gcus Of§%dl% fransgenlc ani mal , mherein
21 Cﬁ'lﬁgiatg%qgﬂss g%r?’nal%)f aﬂ@n%rwzewf %xdet%gg%wé g%m !tcor%ar% east one lg
hedvy alnwglecmsavltaau leest orefC-rebiah gan2 Zackingheade¢nges MOWWU@W CH1

domi@h, Dk Taé&%gaefﬂﬁc%or%ﬂﬂgﬂ@ltcﬁémwﬁr conprises at |east one
artificial Iocus 24. A nethod for producing

22. a&?rlﬁqgggrlges %F rxflng a enonrrw%u mg%rlu.{ %aée eg(,ortegs%}]scg%?rju& \%here'&w said

consirligp chrammiags aardugiele axm@ﬁdp@sqntrplcﬁ?g'%\r%ar@@é wkb?t%%éega’é%%aiﬁ

en&tjlng hlﬁilere a%ﬂi ar%l@vhe/ém@fd@ﬁ@bd@@he@n@déé@b RigodhizZeDa ehDNabase
zZln

tar%eﬁ F%Fn% 8&98? 06 pEOXI%gI(tO )an e %r\}lo%snlg %c J]c% sg 5 ﬁ%g&nd sﬁunsal

l'arm
whersiolsait! iranpoenicaniort [sealastediam %be evuwwalafw ﬁ@b'@él rPdePFquP
wedddlsd transgeni c ani mal wherein said nonocl onal
anti body producing cell produces a nonoclonal antibody

o5l fi.cal i
a;’tra%?%gal a}u 1%21 I“?!la: IZ?C{JZhneF Icﬂ'Eodbgwohﬂggu%%?aﬂsgeﬂ:@gm&b!'fbr)her

d“nmonoc y produci ng cel
CmDW@ﬁuﬁéﬁgéWaaﬁﬁﬁﬁ@ﬂﬁﬁél antibody that specifically
bi nds to said i nmunogen, or using said nonocl ona
24 aRtriethodfor poadingiandpodied, bortrisipg buuwEina theylansodueranine|apcording
o QﬂHe%ﬁ?QHﬁﬁ%n&%hd nmonocl onal anti body and using said
y ridoma cel 0 produce sai d nonocl onal anti body.
oduc n no n ant i body,
25, 06 ﬁﬂY‘i'%’F"r?ﬁ“iefe) o P?P 4l oﬁb‘%fj ﬁé he aenggeﬁ?ac‘:m g%l nal
according to claim16 with an i mmuno (i)
26|éaﬁépdﬁgpmmwml@@M@ﬁ&maﬁwﬁmﬁbdymﬁﬁﬁﬁgbWW@”B@QWeﬂFﬁﬁ?mC
anifdl é}c&élﬁgﬂt@g%m ® ARl ABhmMgEre (iinisSiating anfacgdranalivody producing
cel?*hog} sa dq%n ! glg lé‘(\; 1'719] h%reeknl sa{arn%qy&)g\%l a%%%g r%h%?lce!wgdu@&dél

eCI I ca
mongqtﬂnaftanh@dv Wéfrﬁpg%ficé”ym%@l AT UIPERH BBR) (ip LRI MPNecnp!

antbodPReGLag adil taprbdUe eid MusdcRh4l aftdbdl tdtispdtifiedig odestosaid d
mrpmﬂo&ﬁl (o)rnuaslmg %Qut:i I*n?r?odc%éngllgﬁt bog')ppggd&u%géll t%/prlg&u[ggﬁ h%hgldérgé &ll that

produesh e@@ ma@qc@neel@ntp?rv@m@@%w%ﬁ hybidoERSALP Pﬁ%@?vﬁeb%ﬂy“qn?%‘i"a'
antbB@ci fically binds to said i nmunogen. 28. The net hod
according to claim 26 or 27, wherein said nonocl ona

27.aRHep189%r E‘r@ccfucﬁg g%@cl&n@i éﬂi%‘aﬁ-comprising (i) immunizing the transgenic
animal according to claim 16 with an immunogen, (ii) isolating a monoclonal antibody producing
cell from said transgenic animal wherein said monoclonal antibody producing cell produces a
monoclonal antibody that specifically binds to said immunogen; (iii) isolating from said
monoclonal antibody producing cell a monoclonal antibody nucleic acid which encodes said
monoclonal antibody that specifically binds to said immunogen; and (iv) using said monoclonal
antibody nucleic acid to produce said monoclonal antibody that specifically binds to said
immunogen.
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29. A nethod for producing a fully human nonocl ona

anti body, conprising (i) immunizing the transgenic
wa@piosasloaccording to claim 16 with an i nmunogePCT/520P8/065419

i sol ating a nonocl onal anti body producing cell from

said transgeni c ani mal wherein said nonocl ona

anti body producing cell produces a nonocl onal anti body

that specifically binds to said innunogen (i)

isolating fromsaid non nal an
28 o RIS ST TG PBOLEY aGIOP e Sand O A Bt be AT
idisgpaocl onal anti body that specifically binds to said

i mrunogen; (iv) nodifying said nonocl onal anti body
29NN Heﬁﬁb@fo@ﬁﬁo&hctn@ aﬂJi!@ﬁMﬁ@ xﬁorb@&&ﬂ@itnﬁ@?t coﬁﬂﬂénﬁy indBuntking the
ol U5y Aol e "L G ander qUIRERY mg”f‘*%"(‘%“)a”"b"dy
produanareeiviioro edibirensoeaistaniyeiyherey wcba@r@élomah ént@?fgcm@ac'mﬁq"
prohb%@@ MRS RSEIREodR ki pedhtallyFfihds A ARG Lgan; lw’ﬁolalﬂﬁgjfybm said
mog%c?onil./an%o?}/ Ertggu%gg%gipaorgoflo%lg% ?ljxtiggdrY ngfng?QCI@WﬁchoéncgJe@'sgﬁ
moapridnglemniitodie i spgcificallypings F?eﬁﬁldwaraW%M@Mﬁym@aidcﬂ“o”odona’
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