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application i MMWMH ion-in-part of Application Serial No. 07/919 297
fil'ed July 24 meas a continuation-in-part of Application Serial

No. 07/610, 515 fi ked-Novenber 8, 1990 which was a continuation-in-part of
Application Serial No. 07/466,008 filed January 12, 1990, the entire
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Technical Field The field ofgENBEATINE P GHENSGENEL P IOfMEIDNEPT Xenogenei ¢
specific binding proteins in a viable manmalian host. Background The
ability to produce transgenic ani mals has been revolutionized with the
advent of the ability to culture murine enmbrBggni c stemcells, and to

I ntroduce genetic no flC n se,cel for se tran m ssi on
to the nouse gerniine. u%% %gaggé o%%o#?ﬁﬁg?¥f€%' Pél %nous
genes to produce ani mal st Painiie 1c &paBrengfexp aodu Bamnd edovs| Cpp@@ucts by

i ntroduction of foreign genes into the host, particularly human genes to
produce xenogerreic binding protelns The ex-re55|on of such genes in vivo
in an ani mal nodel may prERPEE—RE T9 RELATED ARE AZEONS of the

gene, the regul ation ofrnq%nea eetidh i Broééﬁ’éhﬁﬁat’iSEPQHS?aEE of
vari ous agents and tge |0 K n addjtion, aninmals wt eno pes 0

~ aPR 2003 -2 lcatlon Serlal No. 07/919,297 fllé%Njﬂly 2 1992
which was a continuation-in-part of Application Serial
No. 07/610,515 filed November 8, 1990 which was a
continuation-in-part of Application Serial No. 07/466,008

filed January 12, 1990, the entire disclosures of which

are all incorporated herein by reference.

INTRODUCTION
Technical Field
The field of this invention is the production of
xenogeneic specific binding proteins in a viable mammalian
host.

Background
The ability to produce transgenic animals has been

revolutionized with the advent of the ability to culture
murine embryonic stem cells, and to introdﬁée genetic
modifications in these cells for subsequent transmission
~to the mouse germline. Thus one has the opportunity to
modify endogenous genes to produce animal strains capable
of producing novel products by introduction of foreign
genes into the host, particularly human genes to produce
xenogeneic binding proteins. The expression of such genes
in vivo in an animal model may provide for investigation
of the function of the gene, the regulation of gene
expression, its processing, response to various agents
and the like. In addition, animals with new phenotypes,
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including those that mimc a variety of diseases, may be produce§ld KPR 2003
exanple, there is interest i'n introducing a dom nant nutation or

conpl ementing a recessive nmutation. Depending on the particul ar gene, the

difficulty of achieving the desired nutation will vary greatly. Wile sone
gene targets have proven to be relativel yyanenable to nodification, other

targets have proven to be extrenely resistant to nodification. Because of

the opportunity for;genesal) %&é@fﬁ&@hqma@ Q%érlééﬁr@fl&l&&%@nw@ be

interest in providing new procedures that increase the success

of .
production of trandfePdecedi rals. PRFti EY¥REAPLG, \Aﬁ@reé'eonel% shBkergst in
introduce | arge DNARtP@dB8ifg €NCABRARANRY hwbsttds obr Kidodpdsamntiiieye a s
substantial concern_about.the gbil.it o_introduce nts | Wy
intact forminto na?ﬁr%??%hv‘c’:é‘}‘ﬁ'&tlt%é é???'&‘%%ﬂ% 1&‘2 %gf’g?'i‘i)énél%
functional capabilidyfbicthey gefieagh peesmnt the dhmfedgmanatamj will vary
transm ssion in th ne t e e ?gﬁ! 0 u cedyres
for introduction of ﬁqeez[r%ﬂe* v?’rlajganen‘%’gé'ypgéeledenc édéet@?‘rﬁén *ﬁo(%%of #hzj
function of |arge BReAatinghntanenaiid tcenofddfilkatdngoi efherniiargehsnbave

project. In particiyrver Nes d SettheS) ﬂé&ﬁﬁ%ﬁ%'w WETOERE forppeci fic
bi ndi ng proteins, for exanple human nonocl gnal i bodi es, .i,n snall

| aboratory ani mals such 3H%% O LN OPBRY “Rﬁitiyb oF gensrating.tranggepic
di agnosi s and t her apimalecautterd isheubsthnkiayl tatkredtt (inapSﬁeidfih@ new

epi tope, they can gS: g:g»{ el% éﬁeg %r?cf: D81 Lyl el es ¢ Cf %yé%%l%lﬂof'ﬁer

epi tope or may be ense vVes or in conjunc

noi ety, to a speci tnasxsgetracf carnmaelgnom@n#lqlhleirlahy MIMI wishesottioes
i h d th

compri se heavy and ;n'@afdiidigthbRA, FLadnbAES sacafaggsgma RuRafdallor

region for the epltope echaln s conprise a“varia
regi on and a const ¥AtLobagiesn. tilfﬁléecleﬁ\§P§ﬁﬂ=aﬂ§g?én‘3‘aﬂ?ﬁ§naﬂz‘?@%él}&e’ﬂ’ébll!w

specific for a par EbCUir?tEréé@éé/ IOEth 1"aE}§eaf]Etr‘ tasinelintastt FMPSinto
whi ch produces the anti bo y. Because _of, the rel ationship

bet ween t he sequenBan@aligy c%ﬁ%%%nt theyi ehf dGHenF¥ Gk cilvegrahiami-chthpe

anti body is prOdUCanc‘tﬁ%rﬂaflt r@@bﬁim}of oa XEH® g gesie] synt pbesynt Non t HRe
vascul ar system of _t he ﬁ‘?‘rﬁﬂ% roduce. .an
c

xenogenei ¢ ant i bodf*PE™E '}sé’b’écts’tm\/ér\/ ergefﬂgf%%% V\PESFR’(')%?%"‘Y'
di seases, it beconEs addi&doncalsuch gohvicedures tioy amtltmttyqtmmaefllamgél

be rapidly dest rOyﬁﬁaafﬁagménlﬂévgré{hégv%fed?ééfﬁnaﬁ]&ﬁ%?

therefore, many efforts t rovi source o enel c or allog enelc
anti bodi es. One te@ﬁmlqgseh&y& frogrentshddgasi fle%ee‘d'krﬁi%rﬂnmg human
t echnol ogy where t@gngﬁgegrﬁggcthe heavy and |ight chains froma host were
identified and the regigns encodi ng the constant re ion |§plated

regions were then joi nedPt oPRRELIGAF?50| & ortSend &ieﬁ'&s orf'{‘orplb‘?&]‘ﬁft’h’é‘{?
i mmunogl obul i n gemanaﬁeaeobbeelspewmdbhqepi-@deiﬂsa oece:iampb@mmm

VWil e the resulting.chi a 0ogene 1 | aI I
nore useful than ?ﬂ%c ﬁ|§ {-‘ﬂ"é% ogén%arllcélga ﬁgggﬁ‘égf %)'?1

nunber of di sadvamages:e-'l'hﬂondeh@m&l @mmdn@ofanddwsandl Pgt‘-hldﬂgptm0$m
vari abl e and constagg %ﬁ@ B T eqHbEaIsSURE ¥Yd Bt %&lht;yn @&dbihenté hg

joining of a constant g f'rom one species to a varjable region from
anot her speci es ma&/Pecéﬁ figePikerepckhey Garn %&%Q‘F%qu%?dt% idgntably

regions, so as to ﬂx@ﬁ@cﬁhésdéﬁri'?ﬂn?r@ﬁﬁtt epitepet be vy MY aiwgituy, Abgo,

there are framsvvort_ﬁxand Eégervarlab e seg aces sp CIfI for a species |n

the vari abl'e regi orPeRAESESF QhedBr KOBAH ﬁgbgf’va’r" C&&ﬁf rﬂf@s&?ﬁy st

i n undesirabl e antspeeificespbasesr diag\mukﬁstberenerapye nore desirable to

produce al |l ogeneic antihodi e (1 n

the host with an i mmuno %ﬂo%fo’;ﬁ 3?@@%85%%6‘%4%# ﬁega t?’g&lulhm %ﬁérg'ﬂs

this approach is mhighagbinakogéhbenutandefiineodi ddngiingh mmrbeﬁm' the

produced have been, lplvf_aﬁ dt ﬂ&Qrﬁ%&%p{ Sy |

spl een, from a host 8@% a%ggggﬁfﬁﬁewdous y B sl%% Wik fable
region and a constant region. The constant region amino
acid sequence is specific for a particular isotype of the
antibody, as well as the host which produces the antibody.



-4 immni zed to the epitope of interest. Wile hunan peripheral bl ggp APR 2003
| ynphocytes nay be enpl oyed for the production of nonocl onal anti bddi es,

t hese .have not been particularly successful in fusions and have usually | ed
only to IgM Moreover, it is particularly difficult to generate a human
antibody response agai nst a human protein,_ga desired target in many

t herapeutic and di agnostic applications. There is, therefore, substanti al
interest in finding alternative routes to the production of allogeneic

anti bodi es for humans. _Rel evant _Lif er . p hj ,
Cel |, 51:503-512 and Kglef‘:g?’sgnafg{réfhrfée%giﬁ%@lgr%ggégﬁ'lagﬁg Ji%é‘é‘.ggé%i?f
USA, 86: 8932- 8935 ties cedmstanic tiegdoimganfe WEn- APEFLEF oFHI™ WHAGR, ¥he

honmol ogous reconbiypgtlheRy! 3 sCPRcitded S8 GHtrodudtion ot Alxendddfeic

EMBO J. i:727-738 QeSCI‘I Ke the human I'g_VH | ocus. Burke, et _al. (198
Sci ence, 236: 806- Sﬂﬁiéegh'ri'b%°fé%t"aéFg'ilPircFﬁt‘Eﬂr%ﬁﬁg‘Sn’é%Ec‘f%‘?s‘.’r%‘g%ée

?I so, - Garza et ah. in@%2) r oQiy‘aeE MﬁéﬁélfﬁéG)éanngnedehﬁﬁibﬁdxalis
1989), Science, 2 44:1348-1351. Saka et ., descrihe a diversit
segnent of the inﬁﬂﬁﬁ@%ﬂﬁﬁ?i’ﬁ” "a’%"‘é hﬁﬁ‘eﬂ%@ ‘i‘ﬁ?esgta??br%‘?l"mﬁsﬁag{?ﬁ',
Nat ure, 290: 562-56b. bdeiokes iaiprcticiBtio adRinistaktthe Avdtib®ty, ditge
78: 76847688 descripe use, | e i e UenGe: | apipistei n
and Kruw nkel (19%9) wtiggr .rEDeJ.Eea?%nnﬁo?¥,¥t§g§kg5%§§3ﬁ%ﬂescr‘lgbae‘ﬁt he m)use:
vari abl e heavy cheffiectgi oitheS3ze have, bgepnetharefiore,1989)y eafforss to

338: 153155, Tr ave%r%i&é -a (d38%e ¥ Wyndlilei G aliﬁ-?en'é@ﬁ antd W2,
Pachnis et al. (1990) , Proc. Nat. Acad.] Sci. USA , 87:5109-5113 and PCT
appl i cati on PCT/ U20e/ bechniane jaendRydived the pisg ofprecaphanagt; DNisa
|861 67|09- 62311§3(2§968&32%n?ﬁﬁj99y imgaéﬂeﬂth_eb%hés o ZhePhed $P%UNA 1Hygh ti:rl])ains

mrunol . ; - escribe.mongc tihodies wt uan
heavy chains. Al b ?’5ean}"é’fslt)ai“'.e,rePF'Sgpglﬁg?fagA%%g%ﬁ%e%i‘%ﬂn@é%gg’e
(1990), descri be ¢drestamts regdioronsofLagielli. biveseotegéans were fihemljoined
_APR u~ -5 chronps cont.aj.nd u : fn%gaq . artidficl.al

chronosone vect ortgggﬁ:éledeéa&é}bdg%l%y%%%eté al ., IP’é(s:i gé??%g& ?d% %ﬁler
(1987). Paean et kmmunagiobwhih @sgnes ginan anythers species) dirggiedidscd be
the introduction éﬂe@iﬂ?@@iﬁ{bﬁéﬁi stance cassette into the human-derived
insert of a yeast artificial chronosoges using, honpl ogous .reconbi nati on and
transfer into an enbr yBHgie c e nBRAVLELNT| | FERRY IR BPEEFddhyrEROgeneic
Ush 87" 5100- 5113 { 1000L And ChtRELgt Al ENG ot pg - LOCT S a2s. 1ok

; - ,_.an tke.et al,.,, ou ; -
(1991), descri be XH¥% eraﬂ#léoggast 5 t i%l\él_igél %%gomj?son%u%%??yi o
human DNA i nto natissidventegids. The ddientidiicationpr bsolakion Aratijo$aing
88:2179-2183 (19 ' ' i s I :
Tl tndSaE{ D514 '&%fé%%%ﬁh@%é%%?&q&t‘iﬂae% ghgg%aaklal

artificial chronosones contal ning human genes. . NOM CS
9: 742- 750 (1991) wakor i ba aditittion edhodolningust & danstemty xagiony frongi al

chronosones cont gy Bgetheshtsa) vARRR I eghBAl BFS®R RRitiEr spddiesindy
Cell. Biol. 12(5):2391-2395 (1992) describe_the use of hi ng},t concent,r% |eons

of 418 to grow [FHREE,  EREs SBAGAGFIE% aRf cATEE gy sefedthonVvaria
hombzygous nut at ireRdlong alder&d ¢el |Xoseretisé festppiaprdpertoiresii 6h these

fibroblasts is described by Traver et ﬂ Prac.. Nat_, Acagd, §g'. HSA

86: 5898. 5002 ( 1088F L2k epa did oMy | Al thege” g gEF_ HeRX " ana
87: 5109- 5113 E 1993)}1@\:11;%1@ _séqum . sv?é«i:tlsi@egor 2D A6 @$98n ( £he2)
describe target ed alitghat P?‘gtﬁﬁ. IAF?SF?;%C h@i’hﬁx%’ébé(’:}la K(Ql;lﬁgm Bgz,é 1,;—,@1%%9%?)

descri bes the human 1 mminog t (kappa ,locu tsu
al . , Nature Gen&eduengesgmay resoldt HhAndesirablgy antEgpplrorespensess

(1991) describe the chenivghd therbeore ivamMueesl abelirapheavo ( perbludecus

'n YA S _Ga?.lf%ﬁgig: aﬂi%llo%el\gl gc}lr' administration to a host by
immunizing the host with an immunogen of interest. For
primates, particularly humans, this approach is not
practical. The human antibodies which have been produced
have been based on the adventitious presence of an

available spleen, from a host which had been previously



0 3 APR 2003 Xenogenei c specific binding proteins are produced in a

non- human vi abl e host by inmunization of the host wth an apprqpelapg 2003
i mmunogen. A preferred non-human host is characterized by: (1) being

i ncapabl e of produci ng endogenous i nmunogl obulin heavy chain; (2) being
substantially incapable of produci ng endagenous i munogl obulin |ight
chains; and (3) capabl e of produci ng xenogenei ¢ i mmunogl obulin |ight and
heavy chains to prigeiiffi ZedeRegetiee C dpiitapeg! ebulmaeémmno@thbwl ihuman

oeus subst 1 ut od PEF SPHRRAY ohiapd AV RacRgy” H TIOEL ALl e
| ocus, or may havpmdlm‘lngnnafcmpnmﬂogladbanthbpdés§,|hbeﬁfﬁehja‘(%tnpfabeen
chrom)sorre of the Iajr ?%mégﬁaﬁqhbvlq{ %ﬁ%%l&hd‘m| q_?ulll

regi on. These var Pous alternatives w e achieved,, at |east ,in part
enpl oyi ng horol og88d¥r &ESodsthat Mewerderimddt LaPrEt igu lazdiya 8dfsicudt ttl¢e

-- i munogl obul i ngkfeirafiter hhenhkayy aammdcght reBponge Adgaihgealal Yhuﬂﬂ\hel
met hods : are provi ded for mtroducgalA (?e segnent s of xenogenei.c of
at |east 100 kb, pRFPtediar| & ndRELY Inal & é%ﬁ%carlay
m ce, by int roducdmggaogeaetapzplicfauﬁmais cfu‘lmmesdras técefope} aubistgntial

xenogenei ¢ DNA Se?ﬁgngeﬁ(‘% t #fﬁﬁinéq@l@& %@i@e%&%%%%‘%ﬁe h}em ]g?. 101;10r

integration into temce sel’e Ste

conprising the ine€gadlegenadchpntddedics £Lorammans.esent in the YAC

i ntroduction of the YACcontaining ES cells into enbryos and generation of
chinmeric mce fromthe enbryos. The chinmeric animals may be mated to

provi de animals t t s for the YAC. Tie heterozygous ani mals

may be mated to gener atRoRh8JHA hedpay @wsdganbe detx graiesioawﬁz afias

APR 2pp~ _ TI ON THE gu d| r t he

i nactivation vect ?f}%F ) Egméa&fééﬁﬁ %ﬁ@ﬁ—#&%ﬁm'
Ei<anpl S I nHIdnf ra.géi gesp-8985 dedcngbamnactheaﬂmgrenerﬁzt-mboragpolballhhe
plasmd p J an n9 r

Exarrpl e ll, inf rglé‘f'—l?g egghggoggygow c%rre%ﬁp#‘ot gﬁgég?\l?f%%&%% {: gl hg
“for IgM al | ot ypeBermametpadt.r 61988) aEMBO:Jr i bl Tn7 3R alnsqeribe thnflmman
Figure 4 is a Tl opy Qpf Qg hla%frwa@toslangbeéyesgégahaa,f@ielgé\é 812

al l otypes in nouse stralns as descyi pe Infra. Figure 51is
a di agram of t he eRREIRAYEASY euttohL ¥ghal W@Wﬂﬁ%“@ veRhRE -obSef mkEPpa
constant region gRi¥efa @@adesqmgls@q | BcExABR, €216k 641P64E. afil BFGstSiA

dearam o the dely Va1 o o Bl AR 26 19 poyep, deggraped Lo Sraml e

target ed | ocus, aegeasile lzednuhrlédaimlsegknleht piff the. immunoglobulin heavy
chain genes in Sakano et al. (1981), Nature, 290:562-565.
Tucker et al. (1981), Proc. Natl. Acad. Sci. USA, 78:7684-
7688 describe the mouse IgA heavy chain gene sequence.
Blankenstein and Kruwinkel (1987), Eur. J.- Immunol.,
17:1351-1357 describe the mouse variable heavy chain
region. See also, Joyner et al. (1989), Nature, 338:153-
155, Traver et al. (1989), Proc. Nat. Acad. Sci. USA
86:5898-5902, Pachnis et al. (1990), Proc. Nat, Acad. Sci.
USA , 87:5109-5113 and PCT application PCT/US91/0024S5.
Bruggemann et al., Proc. Nat. Acad. Sci. USA; 86:6709-6713
(19‘89);" Behring Inst. Mitt. 87:21-24 (1990); Eur. J.
Immunol. 21:1323-1326 (1991), describe monoclonal
antibodies with human heavy chains. Albertsen et al.,
Proc. Nat. Acad. Sci., USA 87:4256-4260 (1990), describe
the construction of a library of yeast artificial




Figure 8 is a diagramof the targeting vector for inactivation of the kappa
light chain J and constant regions and design of the targeting eXFIFB'HPﬁt

as described in Exanple 1V, infra. Figure 9 is a diagram of the L3
constfuction of vectors for inactivating the kappa light chain J and
constant regions as described in Exanple 1V, infra. 0 3 APR 2003 8
Figure 10 is a diagramof the final deletion vectors for inactivation of

the kappa light chain J and constant regi ons as described in Exanple 1V,
infra. Figure 11 ichromdaddnsss r stondmaigfindhe hSoamhePRAantfamientss. | | gieasiai n

J and constant regiyqs} Gl £ P EHbnds e dFé‘cQ!dx@daﬂé desifiled ¥y BObka: et
Figure 12 A-E are phot ographs of the results of Southern bl ot anal ﬁSIgn'&O

characteri ze yHPR?land—l;Eéééﬁggé’ﬂémaeamAal K887 aredPFYAES T Pdres

descri bed in ExangegalVl, Bﬁ]o a (Aoc(dynEre3-eppdd ti (@9sby sectmmmme B, tﬁe—
pBR322-specif is sequence or t e ri and left (

yeast Ty repetiti 8“8 gi’“yﬁ(lﬁélrgsd'g n&&ng)df% teSﬁBF?the
exposure tines (1Buhaa-iimrﬂ\dedaammrmﬂ aoyé,SShrartofld:;abfclyrmsqmebed
with Alu and Ty s Si t 140 e

wei ght markers arggiutﬁgl ca?géfg%gﬁgrr?s&g I { alhhdn?r?’; Z% \Q/Lgct or 28r s
and the |locati onsembrwgna22qerpveemweel‘éclme msa@%ﬁpéyaté poRrglycol~
telonere; - yeastpdghih¥ed §SHH§BE§§stOfus¥635t pﬁnﬂm%rtealpB 3cd%«ed

sequences; - human insert; - cloning site; = H ndl Il Igure

13 A-D are photonﬁ%ﬁ@g#éﬁ#s—éﬁﬂtlﬂr%’sqﬂ't ot fjrf"%‘?)w ar%rq’&i’r’ikﬁl% 3b.,
detect integrati opMed JddRfearn1d (yea;szgememx c(mmendemtib&%h@etfansfer

h d hed_ i ads, f
ESv 87 cel1 5 hybPFof ARRTH TATHTIAL STt SR Y Loy Denencbuk dree O
met aphase spreadsmamm@lianhecpidse nlmlmeﬁrriorﬁtES!fl-sr

MMM
bi ati nyl at ed yea;é%gsf?zgt ggegNg enc&:é;c lh?‘lPR;ng g\eéggeoglo% Fi & 14

A, B, C denonstr ret n'tlon y ng Invitro cell
di fferentiation ¢RLl}sangnyeastn atddigia lh cg@ﬁnqq@alaslrtyemrww

in Exanple W, fgl%éﬁeéA Hax Ry @M1 Y Digbiali &8 0 ;908 sl ?i@@i?c’ﬁéﬂ:z“ﬂ»é

types: c —bIood i sT.ands = contractln nmuscl e; _.e= neur onal

neural tubul es foriHed Www%ne‘s“ ougs + Geldsy 8F a¥eashi aiifdeial
extracted from didHdRosonesdcbhitaining3the HrumamHHRTO gedfe.; CHorttehs&iPRT

0 AB1380, (40 n0)e o130 2 ol e oD% ) = Yeas ThooeaugRoescyy |

4-3) derived fromdds e nehe cusel ef I9iiglPSeoncentpbiond w48 Bndgdow Ty

:ﬁg\?\gnglefé short §fe POV ESs ( Tembiyorfic 8-dtdhd ce 1 EPREPT QDS W idh T2 ©
homozygous mutationally altered cells. Yeast protoplast
fusion with mouse fibroblasts is described by Traver et
al., Proc. Nat. Acad. Sci. USA 86:5898-5902 (1989) and
Pachnis et al., Proc. Nat. Acad. Sci. USA 87:5109-5113
(1990). Davies et al., Nucl. Acids Res. 20:2693-2698
(1992) describe targeted alterations in YACs. 2achau,
Biol. Chem. 371:1-6 (1990) describes the human
immunoglobulin light (kappa) (IgK) locus; Matsuda et al.,
Nature Genetics 3:88-94 (1993) and Shin et al., EMBO
10:3641-3645 (1991) describe the cloning of the human

immunoglobulin heavy (IgH) locus in YACs.




Figure 15 A and B are a photograph of an el ectrophoresis gel show ng the
expression of the human HPRT gehe in various nouse tissues, as described in
Exanmple VI, infra (15 A = detection of human HPRT nRNA usi ng reverse
transcription-PCR in ES, ESY 3-1 and Hut 78 cells, spleen and | (BeAPR @083
control mce or ESY 4-3 agouti offspring®-15 B = detection of nouse
y-interferon receptor nRNA by RT-PCR in sanples from 15 A, M= size narker)
Figure 16 is a diagram of the HAFERHH $

R algHa NV ER edvy chain | ocus, and

a human heavy chain replacenent ' , YAC vet , described in Exanple VII;
infra. Figure 17 is a djagram of a _nouse breedj.ng schene, as_descrihed i
Exanple VII1, infra. Fi %’tfepﬁpc cslsf fe R ’&pé:’sr%eis%sneaf)g Pﬁggﬁgsetdn

ani mal s produced byn tahenarethhwckn ofiable | hosht bpnimmuESTRLE 6| OK EReShBSIEF| C
EMBODI MENTS 0 3 AR : geni ~human hosts, particularly
manmal i an host s, L@Léf)%)?/h %Ypﬁ]r?gfr&%?% g?‘%“&’@%,’"mere the host is capable of
mounting an i nmmune respgbR¥efesrad NOMTRIGIRM hagteds Fhérﬁé;*rﬁé'li%dpfowduééé
anti bodi es havi ng pegnRpeifidpaNd tdfC PWrivdueitlg idbgediBhd i nRA6G L6BLRE Y
human, constant and/or varigbl e regions, or such other f[g,ect or 8eﬁ§'| de
sequences of intePSQVY pFbadnin Lk (Peing Shbstantis t HaF2R3RtGi nSfa
gﬁnejti cal ljy engi n@];?bﬂdldm énhdogemsus [imlinphogllabhsl_,inaisilgl@ttdﬁaei.rim,viammi Qg)
the introduction of a,hunap i [ ene, . Q S ce : e
hosts are charact gpp%ﬂ.%g?b%%%\?égxﬁ@&‘égoﬁg gﬁ%pm“ﬁﬂﬁf’ééoké‘?{é‘é‘eﬁégb% an
i mmunogl obul i ns oheanyl e iniseteoprasuger esxenogfenedar timmtnagl gful e or
endogenous i nmuno I i di oGl kN d LON. O ;
%ﬂﬁ%ﬁglog\igm ée%%g‘(gj?'n gﬂﬂaé R8sk #éguﬂ&%é ﬁ!ﬂeéntlre

xenogenei ¢ DNA, for exa Chunfan” | muno )
modi fi cations mayeREPERRONS i’é‘&%@o%\l%¥4’br¥°&“ﬁ-ﬁéb§§ &gl BYcariemtion
regi ons whi ch proygegeor drPentssebltendferdic s oAl G 1Bic@l, Ngr Sthd

bonded at the CGterm nus to a functi,onal i de. The functional peptide
may take nany forhﬁvﬁracefﬁf‘BpﬁﬁF?Sn%mﬁﬂﬁogiggggWe 28Y%n 1&??9#!?" g’r"ﬁ"vﬁ h2
factor, binding pehtemosomegafithechdskicell ahfieah dinartl vated cdhelagerisus
proteins, etc. The_ anti | es, e of | S €...£..g. . E.,.Jor
M or subtypes w thﬁ“ﬂ“{‘ﬁgggéﬁaﬁ?‘*‘;W’g' f?ﬁ}s/%ées'g}raéﬁ'géﬁ agstqur{%%‘ap’%félw’s&ps,
t he xenogenei c, ebg.abhievmedheatyleadt Lngharthaby employdngddueymmss ar e
introduced into t | i ( galels O?‘%ﬁ é':m%'n e te
steps the _corresp%%%?ﬁgiﬂggéggeﬁgg a@e%tenﬁerl(rae ngg- u cglcona %yaé e

i nactivati-on usi niNenegbabubin cbefhi FRK i Be heawn ardvlight chahnschain

i mrunogl obul i n genes ag@aieLONEIIYSt efovel AaNmELR6AB ake epkrMeldL Aor

prokaryotic m croprganismand the resulting fragnents_can be .introduced
into the appropriHterAoR¢Ing a%ﬁﬁﬁ@er“ﬁ?@%eﬁ?%gﬂﬁi“éibﬁ ?era% Iqle?e?f'
nouse oocytes or xodr by cparticakatyy huhah APRAZOOBnt&él host animals,

particularly mice, by introducing a yeast artificial
chromosome (YAC) containing a xenogeneic DNA segment of
at least 100 kb, into an embryonic stem cell for
integration into the genome of the stem cell, selection
of stem cells comprising the integrated YAC by means of
a marker present in the YAC, introduction of the YAC-
containing ES cells into embryos and generation of
chimeric mice from the embryos. The chimeric animals may
be mated to provide animals that are heterozygous for the
YAC. The heterozygous animals may be mated to generate
progeny homozygous for the integrated YAC.



I nactivation of the endogenous host i nmunoglobulin loci is achieved by
targeted disruption of-the appropriate |loci by honol ogous rec iﬂﬁkiﬁm in
the host cells, particularly enbryonic stemcells or pronuclei 3
fertilized nmouse oocytes. The targeted disruption can involve introduction
of a lesion or deletion in the target locus, or deletion within the target

| ocus acconpani ed by insertion bggggtbexbaco$,Thgrogxauube, insertion of a
sel ectable marker. In the case of enbryonic stemcells, chinmeric animals
are generated which are derived in part fromthe nodified enbryonic stem
cells and are capabl e Bfiguransnid ta ddgagrengefiethe imeditfivattionyeadiaaudiort he
germline. The ma Qf _hosts t KO huggan4j obul i, to
strains with inac%bsapgas§n§8832génahgc? gg??ggfeﬁg gﬁgggﬁggahggebgﬁﬁggghy
production is pur&,yirénageneic, e.g. human. In a second, alternative
strategy, at |least portions of the hunan heavy and |ight chain

i mmunogl obul in loci are used to directly replace the correspondi ng
endogenous i munogl obuFigurec? is ahdhBoEgsust ride MM aEsEH iCk iompRpenfer

stemcells. This Eﬁgubigshmdsbﬂykhaaggu&uéuﬂa(?i?ddnhdugbrﬁgﬁayeagagnoﬁ
¥

t he endogenous i munogl obul i n # 1o eneration of
chimeric ani mal s 98NGRi cASt ReSEhb §6n F@WP ceIIs can
contribute to the germline. These strategies are based on the known

organi zation of the i | ohul ai C ngﬁ of

since the organlzat|ogpu?ggﬁt?beigoggtfgﬁkgf& %%%gtgg (ft dAV|d§a?
domai ns, and | ocastainiig Sﬁidﬁ IgMsalbetypest mmaqostynansm eﬁedﬁ%crsbed
under stood to var gﬁgi | {y£8g. human, the i mmunogl obulin heavy chain
(lgHe"™) locus is ogﬂ¥ on ¢ ?d%%‘ﬁﬁe 14. In the 5~ 3 ~ direction of
transcription, the |ocus conprises a |large cluster of variable region genes

(VH), the diversity (Eiblg%géw w@sﬁldviﬂé)?!@ﬁb%& tﬂﬁﬁd@ﬂmgof%ﬂtisaapn

genes and the const ant ene cl] uster

( | ocus, i s
estimated to be aRininghor sgH ?U%E%H?s?%ﬁl?useosgrﬁl}ﬂsmﬁ% desgribedses
(kb). During 8-celd meupiXpnent  imwfwseonti nuous gene segnents fromthe germ
line IgH | ocus are juxtaposed by neans of a physical rearrangenent of the
DNA. In order for a functional heavy chain I g polypeptide to be produced,

t hree di scontinuous D¥igBm®nis,a fdiGgrdre ofHthe inadtivatéghonechestfoe
joined in a specididn3fducthhhobdsBlin k icarpga Bohgrdhi! Reai i dnd¥H as
generating the functional unit has been forned

speci fic heavy clHgisesidesd Gﬁbdﬂﬁ%ﬁPkQﬂ1¥ﬁur%P££%ﬂscr|ptlon of the Ig | ocus,
utilizing as a tenplate the specific VHDIHCH unit conprising exons and
introns. There are two loci for |nnun | obul in %é.gg gpalns Jé%), tg_gé
kappa | ocus on human EHERSsofre 15 éhd RILAh cREortd e
22. The organi zaplasmild pre TKYNdmCiad desariled tin tEedmplet BEI| glinfoaus,
except that the D region is not present. Follow ng |gH rearrangenent,
rearrangement of a light chain locus is simlarly acconplished by VL to J~
joining of the kappa @dguaebdaishai @laqnemsbﬁe%h@)frﬁsiernf e maR *Gpphe
O e S, SR §RE BXRR eh¥gdP88 kbche, 280Gudber Bied oo m1e 111
rearranged | gH ané g I'1 ght chaifnin a particul ar B-cell al Tows

for the generati AREEA.- antlbody mol ecul es. In order to |solate, cl one and
transfer the IgHe" locus, a yeast artificial chronmpsome or YAC may be

erployed. AvAC CarYeig e peogenel £ P BBV CRE ILLRRIGRT i ge! |
fusion ~nLcro:gpnabtdnafddd;qnﬁEhe|mmﬁfﬁmﬂi?utwphhuwnlgaadeqnnﬁﬁ?n
(1. non-homl oggusiy). iDhg tBecDAS! gENopRe Idask 8l fRbn S £e!|

fu3|on |s enpl oyée ntro cé a YAC carrying xe gene

- cells, then twdescribed YACQXampdesﬂﬁglé£¥EES¢ hQst cell may be
introduced simul taneously into the sanme host ES cell. The advantage of thls
approach is that multiple YACs each containing xenogeneic DNA for exanple
human heavy and |ight Fégure 9rﬁﬁuﬁo&llé&ﬂfWhOﬁogp?,cmtlb‘écf-h??o%%c"eﬁftoriia 0

3 APR 2003 into gogi A¢la@tIN=UTRRPENE Nkappasiliemit .cHdu® 3' R aiamstdet
need for breedlng of, anlnalgpcontﬁﬁg dIVIﬂ ﬂé hupman 1 g genes in order
to generate a ho5®IL8PSHPE BFSHES lﬁ}f Surefr globullns For
exanple, a strain of yeast containing a S|ngle YAC |s targeted with a
vect or such as pLUTO (described infra) to introduce a nmanmal i an sel ect abl e
mar ker such as HPRT, and a yeast sel ectable marker such as LYS2 into an arm
of the YAC. Chronpbsonmal DNA fromthe targeted strain is then used to
transforma second, usually haploid, 7_.ys2 nutant yeast strain containing

a second, different YAC. Lys+ colonies are then analyzed by pul sed-field
gel electrophore5|s (PFGE) to |dent|fy clones harborlng the tmo YACs and to

D o o N7 AN P~ N N L Y



0 3 APR ~~~ -14if the YAC nmarker is HPRT, and the ES cells are HPRT-), wll
have integrated both YACs . Methods such as Southern anal ysis and/or PCR
may be used to identify such clones, and Sout hern anal ysis enpl oyin

pul sed-field gel electrophoresis used to characterize the extentﬂyafgmdﬁw
integration. The entire IgHe" |ocus can-pe contained within one or a few
YAC clones along with a manmal i an maxker such as Neo, HPRT, GPT, ~-gal,

etc. The sane is true fp{q4Pe 1@ ild aNai&§raR dOthe RERODNHELdtidH v@lctidisact

germline Ig |loci by nonoiogous, recophinati on bet n_ YACs wi_th overlappi ng
regi ons of honol ogfyg/’balﬁ‘%la‘fﬁﬁ’e%aoﬁ% pa ?I"\é\ﬁgh‘i’%a’r&nw&“,d t"l’?é‘Staer_‘

i sol ati on of DNA frepiei SasendesicnjjbeeihuBrampie cligj ninfrabt ai ned.

Al ternatively, one can directly clone an intact germine locus in a single
YAC. In order to obtain a broad spectrumof high affinity antibodies, it is
not necessary that one Fimlreld 1t he antiilivstrabgpoof vheiSautherngnad ygdise
famlies are inter i hin t r=Tell i jléﬁélé. ,
obtaining a subset&g?ifﬁgt&B%Hvﬁ?nﬁon@%ﬁ%ﬁ%ﬁéﬁomﬂdﬁ%n eav?zggg Iait%ht
chain Ig loci (Gedgasrdtbeditin Ex JIV 1pmeray: 727-738) rather than the
entire conplenent of V regions, the transgenic host may be i nmuni zed and be
capabl e of nounting a strong inmune Jespons nd provid igh affipjty
antibodies. In this narﬁ?@ru,lg‘? etat p\/’é‘{ya "?mpﬁo r%’%@m@%tg" ‘f‘ﬁ%uﬂs of
chronosone nmay be sewphered. b¥wt axabpsts tor eharbetlef7e kPpHPRAgaRAt yeastthe
I gH" locus is contained o l,- StLiGld O t, I ul,
serve to provide VNS Qng%l\sg‘rte%gn%éf%bnﬁ%r? ec?lc%rf@sgngg rda nlcc%%é)e %
diversity is al soExaspilde¥Ibyinfranthd mhvaanirenetbeivedlouseguenser B, C
regions and somat LC 53l Uhediirid eodghehbEs NESE LHEUPOG OO nﬂﬁk&fgeft

nonf uncti onal, hono ogous conbl nat1 on may be enpl oyed, ” where
i ntroduced at the (EAdBBENEBSHOR = iNRAFFoJYoEBPRRIREYG SRINEHFANE [ YRAST

'ghiipg |_OC} | whi (122 ir.B;&hbhiet étoﬁyegeﬁetmts'i phrsnﬁrtﬁid@ggaguﬁeiﬂmwgdrtmw@fotr ~0
r~1l- - ecause ere are ea chal a esS _a WO, LI

chain loci, kappalZnBs| GABBaredatn ﬁpfhrfv%g’élﬂepgsy &b‘hBEQEegnglﬁhyggu
choose to ignore aha Imbgdaguencest helsowakre e tshdwennul tBgditions of
transfornmati ons which result in,| i i ft I .

Honol ogous recorrbi“ﬂgfa'f:bl aﬁayebghéﬁg%%é%gt% 3‘&1’8? ?%Egﬁl'y gilﬁ‘aeﬁéls\e/ggrégt@ﬁ of
the loci, by intr¢dhcandniefttiis) vemtiayesmsDand ihe dosatsonscoft hpBR32an

di srupt or del et eﬁ&ﬁvgar gal 'C\iggt%f O GREN O S SdrfIE el | S= £@ibnued ; by

introduction of the nodified | s I1nto Teclplent blastocysts. Subsequent
br~edi ng al | ows for Yg&sh-deaniered afeMISBreR o0 ttheY¢delkt FRREEAMRERES. Che
can therefore chogsr3bo-8eeadede i of f sprhiflaanédnserest ferEcoRI
honmozygous of f spri fromthe heterqzygqus parents. ' In the second,
alternative strat‘éggnaﬁgcf"’i"ﬁ&d (')'vg{,zi 5SS )of steps may be reduced by
providing at |east a fragnent of the human i munogl obulin |ocus within the

construct used for hongl S ,L,eGaIi [ | o) n S
i mmunogl obul in, so thg?kgﬁgghl}r?n%&-l@gc%%éi@%%éﬁ{%%rggﬁgaggggﬂggrt
of the host inmmune§l bhusibul bybyridizatiosstbt dajechatntearathons of nEHRBEL
| munogl obul i SUGHAT beb@tlyerdn RA! LbaibAbeLN i 88! delil Nohitifodlnes as
transformation for a Singlenactivation, followd by breeding of the

het er ozygous of f seFRELPEApLBdEXE™RIR0 N2y 4BEE20 P pgi Taetyphrse; feraddan
| ocus is enployedefém |t Lyt i @OLDE iHyEATIdived Nt Wivdiesildteshanan

i nactivation, the nunber of transformatjons may pbe linmted to {hree _
transformati ons TG REIRPIFERdi eg, "on%eﬁﬁglh%ﬂ%ofgrﬁ? Sn8Fe R he
| ess used | ocus ahdtérphéasthentchesf dfmnmti @Y ~806t wlksanbiybrietiizeds. to
Al ternatively, one, Lo\ f IiACtd i S a separate
step for each |o%%@%ﬂ%?gﬁﬁg&%#%&gﬁg’%a&%?m% Itsse&faur 3%0 f'spri ng which
have previously-had one or nore loci inactivated. In the event that only -
transformation is used and the human locus is integrated into the host
genone in random fashion, a total of eight or nore transformati ons may be
required. -16




0 3 APR 2D03 For inactivation, any lesion in the target |ocus resulting in
t he prevention of expression of an inmunogl obulin subunit of that quqﬂ”gemus
be enpl oyed. Thus, the lesion may be in a regi on conprising enhancers

e.g., a 5~ or 3~ enhancer, or intron, inthe V, J or Cregions, and with
the heavy chain, the opportunity exists ig the D region, or combinations
thereof. The inportant factor is that Ig germline gene rearrangenent IS

i nhi bited, or a functi gnpal age en i ng the enod obulln
cannot be pro3uced, ei ﬁ@Pr&uii g ' f 1%ﬁ%em%PStF§§§5r?§?lon bton
processi ng of theofie Y3ERRT, dmrim@ LﬂkﬁLlsubhE& beélodlﬁﬁyreakéathenfoamdof
a detetion In thectahdRld8e ¢ REchOR SRS G Honle gefrfmhgn §8"esérived in
conmbi nation of an rnsertion an tion epl acemént  usi ng xenogéenei c
sequences with orE¥ampdet Vhi r@d!im ofAbf aav d?l il @H‘birNOtlﬁe keddgenomnd
gene. Preferabl y,dﬂ‘f"ﬁé‘ré‘l’i‘@ié@ed @ eeySék | O dp1achi valdrs;t Be domeral gyl i n

subunit locus, the lesion wll be |ntroduced into one or nmore of the exons
contained in the nusEhe gl eHuneRreidlnFel{seus, = Mrurddafnhvlies darnesh&vant
or J region of tms\kocueneihus,. eaatpeaduobastaahaugelisngfcomt retxﬁrawé&

| acks functi onal ons this, reqi Ya.C i ge
adj acent to and u%s?lpe ?ﬁﬁ@rl%éirs%tr gmg‘fc}r%mgma 5jgand or g,él&
conprises all or WRT ointAB138Qi (4OWngh msinhgast Fvhumag Ahaeprlo@n | rb t=he J

or C exons. The i Q r : rt|
results in disr u;}{l on g&]fsor rrap%g% o?y Qé%%%f%%%néﬁiwgeéno Y, u?&‘al |y
at | east about ~'(29ond) t FeomxdnageytiéneEfspréngr alﬁﬁyzaﬁnﬂeasﬁ)amlv@@% of

the exon sequenc&rdm B Biethe s inal Y304y IBUKIsiGRNA EShumas Alut A%
targeting constryct to replace the del eted sequences. Varl ous nar kers~ ~aay

be enpl oyed, part &ull ISPIURNGESIht APHGGw &S i(te bEPeOofi 86
particul ar inter gHPRTS prubetsavifh @i &aressisdwamceIIyesul ting from
expression of the gene for neonycin phosphotransferase ("neo"). -mO0 3
APR 2003 In the targeting construct, upstream and/ or downstream fromthe
target gene, may be a Rjgwrewhith prkovands Borardenai f pbatognaph whét hem a
honol ogous doubl 185 urd ( 0 r

pur pose, the Her(a (ér5| ?S\H%Hexr Vi rug h |lrﬁ§e%?{r§a\sé§p§§%§q’5h B)getggp {615[2
since cells expr 8&Ihggene tlﬁyrﬂ%ﬁfih@“‘fu MRS &y chES FRES be AR IQ%QFWQCheJ-@se

of nucl eosi de anghkaep 1LY 2SIPGHC! O raCk gabeyei o i 65 mmmenpn@ymm c
effects on cells that contain a functional] HSV-tk, (Mansour et al

336: 348- 352 ( 198HFINITREVATSS I HISTARFIPRTRGR ¢ 11 1 B R P adsPBE §H§Iogs
i ndi cates the abgenceldls,! kplder andnildivee ifroaseopepelandcet ber EEwr -~3
wher e honol ogous as urr cr v S

al so occurred. a@\ﬁf’]%b{’ﬁ%%‘?g? hcel%g thggﬁﬁgg%naotd%%g %t'ﬁeg %8 ﬁer\?\ﬁgll

i ndi cate that inregentiosn MRMA dut RT-RER in vﬁﬁmpbﬁt’r Iﬁr%%c@ss&r? sbdze
determ ne whet hepapgaphqgous integration has occurred. This can be achieved
in a nunber of ways. For the nost part, DNA anal ysis by Southern bl ot
hybridization will be enployed to establish the locatibn of the

integration. By enployigurer aseisl ar digransert tﬁédhﬁlbﬁnsﬁﬂtUGﬁGQEOBhlihe 5~
and 3~ regions f ankln the hégon whe g_\rmlo ous |ntegrat|on wou

occur, one can d ﬁﬁ?f¥t “ﬁdnﬁ'ﬁ{]cﬂl Wman Reay Hel U&cﬁ??%ﬁce’lgeﬁtrmy
al so be used wi thAedvemtage as deisectibeg tine Exampdec ¥ 10, hdmflregous

reconbi nati on. PCR priners may be used which are conplenentary to a
sequence within the targeting construct and conplenentary ~to a sequence
outsi de the construct FAguret 17hdst ar gdagkepusf anmense begeding sehewely

obtai n DNA nol ecggeaeg@y.llggdbq}‘hfg&g 'J RATS ,Priggeal. in the conplenmentary
strands if honol ogous reconbi nati on has occur'ré&d. By dempnstrating the

expected size fragnment's, e.g.- using Southern-blot analysis,-the occurrence
of honol ogous reconbi paguee 18 auppeeée@he%dw id‘fgsmasblfuehennysst

further include a teplicati stem chlsfuntl nal, in t host cell.
For the nost par?’:‘l{nghﬁepFB PF@ %é’n%st“@r‘fg‘%sl jave "d" PR 2003 -m



viral replication systens, such as Siman virus 40, Epstein-Barr virus,
pol'yona virus, papilloma virus, and the like. Various transcriptional
initiation systens may be errpl oyed either fromviruses or fromn@%% %n
genes, such as SV4o, netallathionein-1 and Il genes, ~-actin ge R 2003
adenovirus early and | ate genes, phosphdd@tycer at e ki nase gene,

I |1 t he | Y Hd-t
Gnhancer s my be ehpl oyed t oPFeeRREREOH b e Ipfgnpf“ﬁéﬁlb‘“?gthépﬁarker

gene. In preparing the targeting constructs for honol ogous reconbi nation, a

replication systemfor RLQearYei8AsgBALEl CHOALhYndn HUdts mbé&&:ié&ié‘ﬂfﬂ
for preparing the targeting construct, subcl oni ng after each mani pul ati on,

anal ysi s such as r BéPpadipBnheskPi n‘b’s‘lﬂ 11k eiidien g2 rexpERéided a eX3| theon
of the desired seqyesee.is ra:atﬂmareasafoﬁxohhelh@pbaceimmunétraép@usem/lw caf he

xenogeneic DNA insert is |ar e exceedl about 5 sua |
exceedi ng 100 kbp, *RAUNASEAE: 8'31?1‘8‘? F?QFI &bB’ﬂ? Q&éﬁ&a nd
artificial chr OﬁDSQ&BoQé’ﬁ@icWa]bE.ld:ISBﬁIrIprp)ﬁiﬁHﬂd}g a)fd‘dmiwf @ragﬁxddng.arllgl
construct. Once a eting ¢ and_an rabl e
sequences renoved, I’ g“' S?B%g d!e%uéaagres ns'IrucI'21 )F"I'rla‘;%ﬁnow

i ntroduced into theffac'ger Rﬁﬁﬁ;dé @emseoﬁnlEBEE%t' Aaw"d;mmgeemd'
techni que for introduycd i Bheal?iljlseai f‘éﬂhé @%nfta&aet Aesclr@am ea@ahw%d

Techni ques i ncl ude pr ot opl ast . .yeast spheropl ast:cel | fusiaon,
hi pof ection, " el SRebbirakicm, EaFEILGI"nIBHE) phéﬁetﬁecﬁta’t%dlmnfil‘-ﬁﬁsfé?h%r
di IFCI i cr oi nj eﬂiﬁ)ﬂrod\i&ﬁoﬁ r<§11|518%I OlgﬁﬁéholilmﬁﬁnbdeBtﬁBﬁhl genef b.heauar Qtﬁtt
cells, target cells_may he selecte nean osi.t i ve. and/ or ne
markers, as previ otEf "rﬁtﬁ'chIheedIh%eto"Ifq?& ?‘5"5 §1?‘5ﬁ'&§egn8yag§&f’8vf’
gancycl ovir resi stahprodubing maidgenqu:mmhmglchmm peda pebons mrrmf

then be further a zed tr| io el ectrq re ern
anal ysis, PCR, or na{a%]y ?I k%% ﬁ_?—_ II f?/ln%geILIégIﬁon %Cf ﬁbg ah?ﬁ’ggg’%
presence of the Iemmmsgqlaxbum su@tmlmpmggdinglm@x getd Lotrodugitd asnet
identify cells in yby el Ol ogeas r | SdhOre haﬁNgCCLgr{&Qii:ﬁbl ”ﬁ@ﬁda te

a copy of the target locus. The above described process may per formnme

first to inactivat@mnReEhapPuid). nTIh?cG@qwlﬁ?témsyﬂﬁVcr§Féﬁf‘céltl 1gpstely
the cells are m cryryiRad o¢ tﬂé%%emﬁtW@W@methw prevdde

chimeric animal. The chineri.c a | s are 0 etero

bt
st s, Thon by’ brist RGN 1 G2 ERE, YT daRLenEe TSR PiOBYoBaEERRensg,
be obtained or entatybhed-stemiteid ona)furectiisniadt peptiidet r Shef Sunetdidbnal

! . o
deo red I oci  have Mot 44 e ke Ry PErRE MiCSPnEOPRAL Eonl g rly sbPe
may be the first @& [Bh|eR&YNeatguowibr fagkpret @lnd@nwpmﬁ%tﬂofliﬂénd

ability to prOdUC%}Iﬂo@JlﬁaeChéffebHHP%@ﬂI' '&he'lht'l?quﬁﬁbﬁéi?ﬁ§ tdc. The
i nactivate both theé Iarrbda and the Kapp ain |mmnog obulin loci.
ad

At any stage, the30&ibgedesc mlaé’cpenﬁf B§Y| ﬁgPGMBEede As+ afFBady i Rdi €aPEd,

the target |ocus meprbegubtyplest lwtlllthdﬁh wnteh ilshey aal ogous xenogenel c locus.

In this way, the xenogeneic | Wi_| Iace t in the

region as the anal ogo~ 3? hdst 1I"'(ft%"u St§8 ¥ Ay r’éﬁ 3tqt a $§0Sat e&ﬁ\‘fmth

t he position of tlxerﬂogemnm,l I da)egsubslnman,al | heatrg saarel f odighd xeahgénei c

i munogl obulin |0 I & I he
9 ‘ihﬁﬁﬁ Bflo éﬁfig a3 %Iél%#&% 31:1 ' hd 689 QErIn

human 1gH | ocus (i |ng J sequences |on t
and. fl anki ng t he ﬂéﬂGn (leo8us SBexm %q@ﬂ)&@ﬁ)r &nd He aﬁpamtqa o%‘\él%PS the

preferably Seque”%%i-r%%Béhé&ﬁQ I%Ss%t ?Iaﬂé§t aﬁé%’én&ei‘@@ néﬂ-fx'ﬂﬁcﬁi?@ha![oﬁys
preferably at |eagt about 10 host | ocus, %( insert the

human fragment i nt’-BaFﬁllé’aFéﬁf‘dI’F’rrl‘H &qm@éamqﬁt%wama%h? s) Huggmheayyi ng

the hunt~n i m-aunagdohylyht bhatm fxmmmivgwwngenwesarawlﬁewgsaﬁueteahe
host i munogl obul i,n 1 ocus.

%a% é gg t he abi | ‘t}}{
the host to produé® %fha&?a'(?&é'ﬁ&}? ¢ ’ﬁ%ﬁFbﬁlﬂﬁ' R IﬁBEIIP SR FRCF P3N T
for the pronoter ahdtlthehwesnlitimgnoOyao fdagndnmuscaw ke hotrodnedd intd

APR ~ -20 the appropriate host, for example into the pronuclei of
fertilized mouse oocytes or embryonic stem cells.



by the host enhancer and regulated by the regulatory system of th h pg mm@
order to provide for the, production of xenogeneic binding proteins-in

host, it is necessary that 'the host be conpetent to provide the necessary
enzynes and other factors involved with the production of antibodies, while
| acki ng conpet ent endogenous genes for the expression of heavy and Iight

subunits of i mmrmgid}mud@ﬁon -B'EJS:hé fm&ﬁg@’hﬁd@%o@ﬂ igmiodlaBAlih loci

associ at ed vvlth er i,ne rearran n matic nmutatio

the Tike i1l be L AEREENAR T, PG ored a1 ghapt fpf b SRE R ndpt S8 Lod

functional nat ur ady relyomlognpm smag:qmmrwa:rmws euonsihassonoated omiltls t he

production of en dit lll%t eghat Lo ndfealedt 1 ced
be ranﬁo% Id'gouft on thg ngcllcu a(rzaqsu

xenogenei ¢ DNA
strategy to be er#‘élt(‘}yédzemw@‘l%ﬁ/ QRGPS an'%k%r%%"%ﬁedu@ﬂﬁgup&p@m care

steps or in conbijpFoleR MhiPoRhEEHbADLE faf BESHSRIGY aBIERESNEN the eRLglkted
whi ch are able to produce xenogenei ¢ bindin grot eins in the substanti al
absence of |ight 18FUSea®F @rﬁa‘&é’e‘rﬂ%?’i%ﬂho‘g} pkArFet plotRanaFEPRRANGRY S
i ntended any techgi gheefxﬁrldmtirrﬂﬂﬂcuhw Iddus ntfom e!k@:bﬂ)laepeii;seﬁﬁﬂbna%f
conj ugati on, PEG.nedi,at e ion ransfor n sfection
transduction, el 8cﬁg&§ zﬁlﬁb% m?]ly% ’fectl 5'n %I%r?é fgcs fI r}f%o'”?e Stefce
t he xenogenei c | oellshaahmeenm annmdﬂlsedrangenehethdswhgehone detlheedby
honol ogous reco h”g&g@” £2om’ %%O%dd]]tﬂ%qaténﬂ}g NaSdn a@é aH&VSrgee”
in cl

produced "with t 0ogenous | Mmuno I nacti vat ed
appropri ate brec@fpabde qmérmsm%mgamgaﬁ@tdm Wﬁﬂéfépaﬁrpnﬁl threughed
fromchineric antp@lder®NEdéN PhadNA€iRg fwhddwwtﬁcmti—aeuaaal N€man

capability to pr oduce endogenqQus |mTur obul i, but has-the capacity to
produce xenogenet®® ﬂ’dhﬁ rr%rml e‘é[%eha”éch:rﬁ%t@gnﬁnﬂﬁ‘ﬁﬂﬁﬂsof

the repertoire oioéhewieaomld: anmmaes Todansat dbadyi padiduciion 9k the

two copies of e the t (heavy, kappa and | anbda) ,
where  ~~ ~ %&g{lr’§en $ ﬂ%l bs% J?hen %Ht’al ns the human I gH and the

human | g _kappa and/ orImmbéaohdclaMnla'aiVQ\ﬂﬁmteg‘ne, prtobleestcpnmlqmsel y
human anti body 36% Mhﬁaavghsnar <i<1 ! ¥hadhn NGmturfy thbﬁié
ies. suc S eC|

chinmeric antibo hos trailn, I mruni zat1 on
antigens, woul d 3&&psed B9 ciqraéecb?b&dmﬂl@t?eothmﬁ?ﬁrée@eewggm

speci fic human aﬂﬂmms&mumcm&felw wﬂﬂ&@dys%a&ﬁﬁuﬁaﬂ&e ni/ﬁ' onma
cells or be imortalized |n arlle/ I1 E‘ er f or tP%contl nuous, st abl e
di e

production of h 1Rt FoelEFe WRI ISKHLHAISPY S
art for obtaini ngaazm*itvamam Staﬁhi e pepdacementof orﬁnoctlwal adodmthes.

The subject et S esg_n Q duci n
conpl ete i m"runog'lggqn Wﬂlmgh W p?%@?%egst %zjq&p%%‘febr#t y to 5?10# qo?" of
regi ons joi ned tchimepia andimaflst hn wioich &he eshryanie. stem @ellcidericiad or

Cue, or combi naldedld REfP Yont MM N ke g&f Pingpre of the exons of
the CH and O or Ca regions e replaced Or joined to a sequence

encodi ng a different Tmﬁ%ﬁﬁraiesaes age hasagd pRethe known oxrganiggdiion
activator, supegxtHe dmﬁﬁhbgaabuqtm chh@li Docg- fn,a MGhber AY ighimals,

di phtheria toxin,, etc cytot ¢. age F; recept or
i band. or the Bige skb¥ {Broaninpbiongy sefatind. Tesabidasat e
88/ 03559. By i nemcodimdg limdrhvchtlaatl ddéma ihe| emxid |1|mbata.umoftsm1weg;mesaxon

and providing f &S a egi dif.i ant
regi on exon, thglhr egtﬁaﬁ%‘gr%t%&ﬁ at Ei gbﬁtrgraq &/’g&%}%@?%rgnt ‘i%,_{ﬁ’}?ré nal
region from thedegersnoglgbuihen. htByalpr obhei hgmnopanbuépns@@mezmm t he
i nserted gene, I(EEHF,,])Ot sorioéj%ca\”ééd ORVéntHfosORe’ 180 PN @pe & the

C-term nal region esired, the constant region nmay be entirely
substituted by Pﬁéibﬁ%?i%ﬁ&feiiﬁanﬁ(frﬂp&\lpﬂun@?d@%%ﬁﬁ?ﬁ&«?ﬁ%t%qq{%

appropriate spl cg@steres sl Qariablengegiénvgehal! evirditte (i veves iy eD)
protein. The B-cells fromthe transgeni c host pr.oduci ng i munaogl obulin or

i munogl obul i n 5RIE8R FEPESe foddowed by the joining (Jy) region genes
and the constant (Cy) gene cluster. The size of the locus

is estimated to be about from 1,500 to about 2,500




0 3 APR 2003 -2zfusion to a marine nyeloid cell to produce hybridomas or
inmmortalized by other conventional process, e.g., transfection 8i3 APR 2003
oncogenes. These immortalized cells nmay then be gromm in continuous culture
or introduced into the peritoneum of a conpatible host for production of
ascites. The subject invention provideslor the production of polyclonal
human anti - ser um Ri1bwaBesPKior! obakiagts-ixdiledevelaphihedyd Esedoginudier e

th [ i h h b t

human anti bodi oo JRISoRSTERN T o Shehbhar Tind T40 gﬁﬂuas?ge fodndden
col utm, havi ng anbYon¢nmmI|QﬁganDh1§$ycaémla@W@N1°/ﬁ the Q I i[Reord'he
i nvention incl Udefo£heaf@dml%aqnbp@hwnténainn% hyeaypapelide SE8 ahao

Figure 18j: |I. Animals heterozygous for an inactive endodenous nght chacin
i munogl obul i n gehéo‘éﬂeﬁézy%%eﬁ#m%tw‘éo%t%%éﬁgwnl e EBPBeBhAgYa: | 1.

Ani mal s het erozyg@usa,{d')rJ LPeh P8Rk NEs€BOGH1Ped inhgapPesBid sequentlal
i nmunogl obuli n gene (h onoz ygous ani mal s are obtained by interbree

111, Animals honoE3gieni of 1xgkcth ohal Jatdsgenbust? i Bfe- aﬁ&“ﬁEéW‘“Ehgmﬁ

i nmunogl obul i n gef\ﬁsc@ﬂénaermmeowofrgr (iorzse cONY Jurnga@naeeamfdifn)ed
foreign, preferab heavy chain_i nmu enes onoz ous
animals are obt alﬁ‘%{?‘b{/ﬁi Reave: By Pre W-‘O‘%g??i 1?{8%699g lon
functi onal endogembutshdal oyt lamnshean;ahfﬂng iasnmoyénplatea ghaesp@miflc
hem zygous 'for f n, f g C nogl obul i n genes
(honpbzygous ani rra\lp"slb?érg Oﬁ%gl ﬁéﬁp%xs ?}e%d?;rl\d mt/{']c'g%:mrnal S heterozygous
for inactive endogeno@émmearmm l}ml (ﬁm‘i nmmqu@lb@&m rilgdartesh@hm ned
by crossbrdeding iymal f goy, h | rfoéﬁ?

(honmozygous ani ma ﬁ? Jre g ?af‘%ghgbgcl}br#tser éegg?hgacg O%\% é d %‘e

VI. Animals het erlozghgimslq@%s|md@weneﬁ?aég@%o§eh%&vy Zhe prgnm@ném@n

i munogl obul i n QQﬁeStl?é‘dIQEmlé)éQOli?s f@:[miﬂhel €8, thaef yrabine hﬁ?ﬁ”lo@@l‘%ﬂy
chai n i munogl obul in gen ai ne ross reedi ng ani mah, gat egorny
1T Wit ani a5 SREGRt AREgoR e b HARIETS 1o R6y B5a8eNGr ¢ FOLIRMEPPydS
endogenous | oci sedriramrensnt)epaygoarsyément hef far ight gehaiar doohsaiized
by |t er br eedi noLypfhar ARG HATIAOLE, L8 2 "36LhYRq B OBRROUS RREYY

and |ight chain irimunogl enes an rergn, prererabl
human, |ight chaper ﬂ.rmbdegbbbuhl-n Thacsizps mﬁ@l%}mmuapgaahpml S

of category IV whih @@dpla?ﬁ n{‘é’éé?ﬂPr]Yde 0@!5"15@'?0{5?2?2%}’9% £acsibg

i nactive endogenous | oci hem zygous ore| | gene are
obt ai ned by i nt ePbr &&ATRANIed IlfgI‘IAﬁF‘ﬁalaé1 H'éﬁ)z‘?ﬁoﬁg Mo ighite Rigoutn f ar
i nactive endogengaetheawra@dcelqhhlqwsnfbmaegbahakamaanes aAfibody

hem zygous for fore g preferably human, |ight and heavy chain
i mrunogl obul i n gBA&ES WiEEai ned by crossbr eedi ng ani mals of category VI and
VI (animals honozygoma fdifdet:d"letd nﬁsblaﬁeendmgaeomdl dtarmgehotive DGH,,

hem zygous for tTgcf grel gang gg:%l%l].% ' '16 l@onl&éo%ebrggdi"%)c;“ may be
employed. A YAC carrying the xenogeneic DNA may be
introduced into ES cells or oocytes by a \;ariety of
methods, including yeast spheroplast: ES cell fusion,
microinjection and lipofection. The YAC will integrate
randomly (i.e. non-homologously) into the host genome.
If yeast spheroplast:ES cell fusion is employed to
introduce a YAC carrying xenogeneic DNA into ES host
~ cells, then two or more YACs in a single yeast host cell
may be introduced simultaneously into the same host ES
cell. The advantage of this approach is that multiple YACs
each containing xenogeneic DNA, for example human heavy
and light chain immunoglobulin loci, can be introduced



In a preferred enbodi ment, the honbzygous ani mals of category th ﬁlf Ldﬁed
to ‘produce human anti bodies. | X. Animals honozygous for functio 2003
endogenous heavy and |ight chain inmunogl obulin genes and hem zygous for
foreign, preferably human, heavy and~li @t_ chai n i munogl obul i n genes,

obt ai ned by crossbreedi ng animal s ~of category Ill and IV (honpbzygous

ani mal s are obt ai nédtbya isitreylbr eddiomgsomX. i ks bel & oBgcue figrirates
Lnactive endogenougnleauyqchaln b UiMIAG! 87 Uahind 200 BREANATIEY ALY Qua)
foreign-~ preferably human, heavy an i ght chai n i mmunogl obul i n genes,

obt ai ned by crossbReBARnFIafiengss igf FAedgdHy 9anentte xe (ARFRharaPRbRSs, \Rfous

for the inactive e%@@mmg FQgiy aRGnARMPmne@hoGESbEY URES  Pbrt BRahRiei om
er
q

gene are obtai ned i pt reedi nq) . .0.3 APR 2003 -24 Xl. Aninmals )
het er ozygous for a?lgﬁ'?'l’a’%t é’%ﬁo?@ﬁ&ﬂ%"ﬂ’gh‘? Wf?i’éﬁuﬁ@gltéﬁﬂ%dgéﬁé:hand
hem zygous for forgiwctgr ety gnumn, (desayyibadd ihifgh) ¢tbaintroduce a

i nmunogl obul i n genes f ai ned. by, crosshreedi ng ani nal category | and
I X (animal s homozyyHRe ﬁntﬁﬁlFﬁgﬁ{’ﬁ e"‘%ﬁ‘g Eeggﬁg Iagciiug{?d KO -aoVeaSQ:
hem zygous for thedlraiableomrker sithiawd Y82 iintr hrealimgpf The YAC.
invention al so proyjdgs, had [ %Sd tJ

xenogenei ¢ DNA se%encessa?ﬂr% a nfg%hﬁrrg{ﬁé e. &%ﬁdn%at%eaaﬁpqhéo%?ﬁqﬁg&aeﬁ §/:°
t he sequences wi | [trsmsfionmeastsaomdp, usiaduhianicidi lvsatmabant yeaskb,

general |y rangi ng ehQifrAbentadfdnya KN aihesreABeyA®Y Wysh £81bh3Bsf er
a locus of interest, such as the mmgno%lu&gul i E,I g%us, T- Cﬁl receptor |,

| ocus, major ' hi &F&cHHER | BNRLYZedobYs] glohdedf el cmbyehEPphoresis
chrormsoLre, vvlgi ch (@E‘,Gzi)neﬂwciae@nafqr ﬁ&bhesgﬁaeboﬁin{;ntﬁéeﬁﬁo mcghaﬁaytar)
may not have been characterize such as e Low Density Li.qoprotein (LDL
receptor, Apoli poﬁP&%éirH‘ gé\Bﬁ)gﬁey A5S Ef‘aég‘SFFg 17 58St s #flgﬁgﬁgﬁﬁhaﬂécs
conduct or regul at eithddiffepent, selectgbdasmatkeaespgbori exahpbavADERS (i Hat
may be invol ved i agtial .chr S j 0. , apd
10); and viruses. E?Eehhﬁi nl%;aco' ﬂﬁ%ﬁy%ngf%%%egn%sagg?a
studyi ng a vari et bydirafisforgeat ign cAdkerngtivelvam YAGrgonsadndng strain

conpl enenti ng recggsiveadt fLi @AsgetBl QNI &£ LBecbPl SRAEPLLT AR PLLB
genes can be introduced for the stgg%gp%e{légerchol esterol em a,
155

hyper | i popr ot ei neffEraHHCE: RePBBRR kakte warkey (s¢EarfRRT), as
i nt rloduced forbhe_abahégiandnyﬁéhCmatbaot?@Eatgm_ dmxca-n;ebh dmmmhm:_jm@terainf
regul ator can be iptroduced for cystic fibrgsis_and the t.r.ophi n or
nmuscul ar dystroph?? FRBORE Sg@ﬁg‘il qDﬁXPFo bgﬁlenf’f@&&@&? Lﬁlgrﬂ‘eg%&gyggs
is-frota a manmal iarthenucens jxared dol thé ydiplois yeastocelparas claseribed
human, other vertgBogles ghd MG Yamendhidty | tkeusOhe diaddiyp Lopart

numer ous novel capabilitiés to t . creafe genetic responses relafed
to the xenogenei ct¥8ieRe @7 AL DRAropeby| BRlPSts aNd ASCORIRF Qgenes he

production, of ant gﬁ%’f@fatﬂéﬁyi deihg’ sthgdariaC HURIdIALéHNS Ghe meiotic
transcription factors, gr ovi de for netabolic, syst i nt rg_‘duce dom nant

f ysLens,,
mut ati ons or conpPEPRLRELS cREESEDENSEEERBRE. t?hédﬁgﬁégé'néi AR ithychrne
modi fi ed when presemtaiming YAe thesaases.howbthgoither apprdwdh alescaribed

efficient in yeast iving a _hi Q.0 ite-specif.ic I tj.on.,of
honol ogous DNX\ vﬁ%‘? o ﬁé‘%&ﬁﬁf’@@o@éﬁ% ;F;éna}&g%to%‘gy %hgh’i'?é\?ear%c&t,’e%ne
is able to nodif ysebeckanbe eraikeDiEibE! bo dritraduitidroe i bthe BRrss kel .
LhLhis vay. one gidh] Nf# UHGP R UL MEUeR iliHed It bR £5S

def ective proteins to mmc states of the xenogeneic host, to
study various mediiess mainteeangeRhbotBnYAES rdng FErpint RYeRagRE Hon

ot her xenogenei ¢ gYPLRI GénetieaiQ?eé@L@cﬁ@l efdSioAlwith H9e¥108N€5 Eegene
systens. In general, to transfer rge DNA segmants, as . descri beg in ﬂft ai l

herein, YACs are S tRdoWh e i 3 PRRALLYCAT r O , YSASEr i Y hBf
replication and tedmteirebndaidingdd NACDN/Bedtausd syt .yoist aifrorsssme®r es
or telomeres may be used rticularly. the cent.roneres from yeas
chronosomes 4 and® %qéég}p%?‘la%f%{‘%‘%kt& G‘Wﬁ crvﬁ‘c‘gﬂ I1(§:mslsT (ﬁxPsecfete%éi%lha%ra
screeni ng of cel lsubsttantvia & iparitd ovAGE R atenesnéxpreassdngNolie aid mwenk kaen s

allow for effici ]ﬁa!aelﬁ' t] Yint H
particul arly hunaeér.]g ) |%O'F%ﬁn%ftggg%a%{:t lgf ﬁgi g% g@-{]’a’t %@Bf"”"es

HPRT-deficient ES cells carrying the YAC. O her known sel ectabl e or
screenabl e markers include hygronycin, neomycin, ~B-gal, and G PT. The ES
cell may be derived from any non-human host, fromwhich ES cells are
avai |l abl e, and can be expanded in culture, which remain viable and
functional, for which a marker for selection exists, and where the ES cel
can be introduced into an, enbryo and can repopul ate the host, including
the germine. For the nost part this capability has been established with

Y oy v o o o M. " o




~is desirable to con

0 3 APR Zpp3 ' -26imortalizationfor the production of antibodi es. Because
m ce are easy to handl e, can be produced in |arge quantities, and are known
to have an extensive immne repertoire, mice will usually be ti{3aAPRe200df
choice. As other species of ES cells becone available, these may al so be
enpl oyed in accordance with the subjectl4dnvention. O particular interest
will be small |abosahol vy a0 Bliger Fs SRS i PRy RANLICULAY hapghodent s,
including mce, rats, rabbits, cows, pigs,’ hansters, horses, 5093, Sheep
and gui nea pi gs, wlbihaye dntkgxated eRens(AGsy k¥eshodscsughasEgosdibermmy

have one or nore R4 B}d M%nd Hr DERBRY baCkisd €o PRIdAECU AR iMidnes
particular interest_i'n_this inventi gn are ES cells that are_deficient in

HPRT. In additi ofN% er$PRFBeENegdBAGY SIS, t HWPLYEREs RUISEARtLeldse 98t
accordance with tdledtrnesiorsisTheseGoaeghdeaobenipedthy artersi 6§ YAC
exi sting human YAC.lihr atr.i es such as those available fromthe Centre

d' Et ude du Pol ynﬁ%ﬁgfr?e Ihan (CEP.H), Paris, France, and Washi ngton
Uni versity, St. Louis TheOentsirg Eijpdochprozrdheesonthipedavitbin, ornee
YACis readily preparedpsydesoiibad et aitn her alina PYah ohoipg: ! g peast

anking segnments conprising one armw {h” a centromere and telonere an

another with a taisoMece HBBEYhEPTwi frgahe EF@A. of Thertsansstis Lyusl Fprt fivee
will also be onergr;ighe BRRKA" 1oBE¢SRBEChBRL tAltidW L@ iAeheet §8Pm! B ihie

yeast host cells. "For “yeast selection, of particular interest - are nmarkers
whi ch conpl enent IAutk@SioRY oROPREOYRES t TREOPPINGGI O Rptitaen XAFS eWith t he
production of anbireraapPing réyibNesOhoRYLOGYAEDe Al BevddRh yoXSR. .ADE2
on the YAC to COEB| nt_ura3 t{:gi : .Isgﬁztand Ageﬁ Hu%ati ons, in_the_ host.
By providing for tBoRBrEnBAPRE on ERP oF SPRAERED: OfaPYACRT99YEALT eRFPding
carrying the entthe NAflani Iy bhaibl estobtainede- . Alhermnativelyyeconedcam |n
addition to genefi i,f 1 i : 0 = ar v e retai , It
UEpLELY, ¢ E8h th ipfact bErityn Thell'in KBRS,
pul sed-field gel el ectnoprieredic obtagniaAproadgpectruniofsbighaatt hoity
carrying the YAGHRypbggashe fitttseﬂ: afiof me%%a&fytma%entaoriémw@uehwn

into the ES cell. Transfer o he YAC i,s efficiently achieved by preparing
yeast spheropl ase¢Btirea¥cdie®fie wi VArdekse ¥ i 6RgLohagenepfamddigs narene
out gr vvgl!, E_ndeine@il: é@@é&tviﬁr&_'r”tﬁea‘m ﬁ@it&{égqumrrul' imul-ﬁﬂﬁ@fé).p|'ﬂ$ﬁ§,ar§
produced in high yi . onenti.a n cells are proteasetyeated,
e.g. trypsini ze}yﬁt%ﬁﬁéﬁ %lﬁ?qﬁg %e%&ﬁ’lw&?)s?e@bﬂ{}e‘g?’éﬁﬂ?? éhe

pel |l et of yeast lspuieen dptasy sarid ddghiie chiadpaTed lacd (BeritSncet| 1 aj ecEMPON
with the pellet and ed, a o] 1.G..a PEG -

m nutes. The cell’s g\?%p?;e%'?ggugégidggeg%a %&bﬁ% ?ﬁtla%pr%%ﬁqfﬁéent
serrumfree nediefnVTregtenss bhe thansgeadied hat makede dELELZed| anded
by selection inpe aeagaéqaceofv' hBuhkenge! £CLitRnERr kRhun&OokekpenERRTa g NE,
HAT nmedium nmay be e oyed for selegtion. Surviying fusion colonies are

t hen, picked, e ‘g&)ean-%aP§£éB.ltXna?‘?§?-§°ﬁ&95be pef¥ ofitd gianner,
relst ridC]E! OrdenzlxﬁmllﬁWeYQLSSma;pntnmctbﬁdquri]\emltdaerﬂ;@lahtc'bxmsc_me may be

pul sed-field gel electropharesis, or by the po chai.n_rteact

(Pcrs < el oyt n RS, afeEreRanble e BT EIf R FEndpeie s the
conpl ement ary t ddyie Iddus ndaxy t coatdipedbi ng wat Wotpelotl veressgriariciben
present in the xg ic S S f O

Cequonces. Ty, FEU” ohifon SHGMLA% oete "0 BELETALCH VprIUERT GE Y,
sequences. Prob&edignsyABexman £t alsed supzak{ i rinerraspd divars ey vie,
Those cell's t hata 4RV R B reUABirit SORSH A0 | @hé Waiasd DAna 7

DNA~i ntegrated i nto the host genope are then used in the next steps . In
some clones, onFPHE-IHT t3%h MIEIE MLACIRe of the yeast DNA becomes
integrated into the ruseaeiere.tide hosegr dmptinoeAsbudih r agds friem+nor e
t han about 90%%1‘ tq:e. Qrigi n@l ¥ ast"genorre 0. less than about 10%. Ln a
preferred enbodi m,loé}af]i'ci ity S?%ﬂﬂ t F&F B3 %nﬁ“iyn - P¥Ests is
provi ded usi ng sherecesBNAhWI th | inégodued arae, &hel easidoy@hods host
xenogenei ¢ DNA fr gl ind 1w YeSE &P AR Y 'dHACL 14RE MenhThe 13d1°%hich 3

APR 2003
inhibits the production of endogenous immunoglobulin.



-28 enbryonic stem (ES) cell or fertilized egg (zygote) . The introduction
of 'the xenogeneic DNA is efficiently achieved by fusion of the 58%‘%;1* th
yeast spheroplasts that contain YACs carrying the oo kb DNA an 4
sel ectabl e marker, under conditions allowing for integration of the YAC DNA
containing the marker into the ES cell -g&none, or by transfection of a

purified YACinto ES cells. ES cells comprising the YAC inte dinto the
genone are then sefELE Weﬁ‘éaﬁgeoﬁw?h mkcégél%?](:ﬁeqlégﬁ%ézﬁ‘g%a ighty

the ES cell. For exaiml épctihe kappxannti demiidesphradibowyEht faosfak kekes,
(HYRT) gene may bﬁfeﬁ&ﬂ%ﬁsor?e mj%hdaw%%ri% el ent {&fFda) 1681 Calhere FOr
s fromenbryoni I'l's . t he

pr oduci ng ani nal stem ce , after transformtion,

cell's may be pl atwid boAaye; tiebeemultiple Sransspprabirascwiieh igsely in
fetal bovine ser URABNGEILPVEM ThEcKS 62y i@y M ek Si NgIHb ARl e

| ocus (heterozygous), or may be mani pul ated hy, the process, of
e ;

honpgenot i zat i on &S IMRIN PPN MAY Bey oyethb 2k} inagtdvats
honmogenot i zat i on galci it ithe afodioMFy dini tas)dwsteisors &l fe ddhiey éioiioclRjouws tDN2gr ow

out those cells which have [he gen argeti vent _on.both chromsqnes.

Cel I's cont ai ni ng e @ wWo°PEFHBEEd & t':el régsﬁépe%e?’éc?sgegﬁ «Shﬁ%’-‘ﬁg&a
sel ective nedi umlacthisaineéo embtyoniotstemedlds,cbdhoeedthy dndwodngitdmires
may be picked an n zed- fQre it O d e Pf JeatieqLafl o s ous
recombi nat i on. Agfgegéﬁ bggd&rfél\%usl ylﬁgi herlqg:CR rre?%tlg)gea’tsted,%l\%stt%. r |%rs
wi thin or outsi déubsegnendorstseding cqliovs, oLt 9aFMrhdingr §ERNSHFASSi0mhose

col oni es whi ch sBewtRMIIRERUS 4 €EPMPoEdE | ONoABY chAeBhBeespd ERbOBEDRIO
mani pul ati on and, bl ast ocyst injection, _The, sel ec egeﬁga ells are then

introduced i nto BREPfoBEtSFORYIY S| REFFRRILT B sTornfigmegygous
appropri ate host of Egpréngnghrom hd etdredppus payeritss obt ai ned from
femal e animal s by fl ughi the uterus,3.5 days after ovu atian. Th

nodi fi ed ES cells ar eif‘h‘[e}ﬁe 551581 ?g‘&egr?&q‘aﬁx’el géa’é?{ig%t#fsfﬁ" ]tq’oedlgg%'ﬁ's
may be injected theonthkebl aft steps waytbe medistet oyt pravidging a2~10a8tAPR
2003 injection, at d t : Of b y are
returned to eachgufiéggﬁén%ogg gﬁgpggﬁggp?g\glﬁgﬁgq%gégﬁgs.lu%ﬁig Pg%ggs%ha
proceed to termeapastructediged nforhihemetogensmirecenhipatinal ywidth f Shet he

presence of the &) bGohiBCehasefdidus CBlitSnodPYobeiNErdé " thét "BAAL haRan

animal that carrjes cells derived fromnore than one source, e.g. fromthe
host and anot heri%?l‘i"f‘rall.s Iﬁi‘}eb%*%’a%?%, £RT: AF pteRth 3 F?@E%I i%h %‘%hf’ﬂﬁf'i c
murine ani mal cohiumhnegdopaléhi Lathy , ewfthasssl oy finaaitivat ipar bifcthar | y

modi 11 catenbrydiPeC seriasn B i s ab8he T BF B Gial LAERheE

chineric hosts timtthe cugenef ateansfornettignafpred. sihglehinactivabion, are

_ eval uated for i a ] S64 éqa{' O Af OF
exanpl e chimeri cﬂfnﬁ(;gew%?ebkat eg e\ﬁ%ﬁé%B& %J Ii‘x%rﬁt{c\egj.azﬁl ner i CP%S ts’l‘iragiobe
bred with nonchipeduce odt Bomezygouss \HEERT Dr dhexperddre hamancleesf or

chimeras that cafd Yedplfoyd§ FortSebstieutienl be. iREESERIbAJIhBB! tREChost
het er ozygous for_ t he genetic mdificati %P‘]eare %%’-e'%sé[ nterbred to.produce

progeny that ar e FPFodB2CEL Vidhd Giydthec AR SERPSEPTRAXLPEERY he
functioni ng YAC mondtifuitied otbhethrpeogengnsffoemaeibwsl Gind hasi naknéady for
i ntroduction of .4 e xenogenei Sy N3 S
particularly a ri(ﬁ%aé%&d' 8%%§|‘$?Pgé‘n§§?gge§nﬁh§{’?e§?§§i :(liggg?@?ggt ié% -
integration of tansl DNimitodhes transformationd BRA twe tramsfovmpbions.
functional and t s {4 chy j : oy, : :
germine . transinli%s%l on %\fé]tﬂ%éh?ﬁr?gdga?agggb%ﬁiggﬁﬁ rtfaggi %llé 0 l{’ﬁ%l?n
chimeric host, tasarsReParatecssepydier RAML koQUg RRRLRY LG eFBrYentd to
produce a homdz Qi ITR! fidRlofP¥pPEngSRHLIER havel PPev8buELY RAA one

pur poses, including production of oducts, such as binding proteins, for
exanmpl e i munoglB¥buPPRE 8Flsc+%%ﬁ2{:ﬁ§agﬁa\7ari dis gpﬁgse,v? &g‘ﬁ‘g t AR ¥py,

for exanple to ayanstdmatbonrsassed cagertdid hutiasoildens, isointegyatadi ous

di seases, to st Uicxi%(:t'aI t'he h%s‘qt %%%o%’eo%n random fashion, a total of eight

or more transformations may be required.



-30 the function and regul ation of poorly mapped | arge DNA fragnents. The
following exanpl es are offered by way of illustration and not by way of
limtation. EXPER MENTAL EXAMPLE | |. Inactivation of the nouse rﬁi\% %Eﬁﬂn
J (Ji,a ctenes A Construction o~ the targeting inactivation velt
kb EcoRI fragnent, containing the nousejgeavy chain J genes and fl anking
sequences, is cloned froma Bal b/c nouse enbryo genomc library using the
probes described in Sakamo mtacadn.va(ﬂigsﬂ,) aryat Lesi @901862h86%argethiocus
pagment (TD0) | ScbBRgEiRg |60 EROR hedRpkatdod U0 Mt icDle Mg O

Kb fragnent, contarnin genes ed_by Xhol - Scal estl on
(pnDdJINeo, see Fi W'énqylohﬁllmS@“WWWoP%amtf?“aﬁ‘lﬁ%n{“al’c@?ﬁ’t zﬁ“m ed.

neonyci n-resi st anﬁ@ugﬁr@xdmé&rbrbmayhselﬂ ReFe wﬁlmwﬁmg fék‘iﬂadid&s
ki nase gene (HSV-tIé& prorm er and a pol rY‘_omal enhancer i s.iso %d from

pMd Neo ( Thomas & Cap%cé OF1987pn PX /5 PT 3 F8h2) 1nA thet) T €
adaptor is added xedibondj sarid agjwnthbmmy/wﬂamhetﬁer&ﬁpcmuhnmpe&i&iﬁ

nacttvati on veotdl T SRRGH SrRoRR. RSt 8s s of, ARS pbridn, "

neomyci n and t he fztgr dmi thatonbgergens ild@ntlgane TeargaAnganeht s is

linearized by Ndef ec%tqo bef S
sequences dri ving, r{}ﬂi.ﬂ, 0%11)- %g%ﬁgctrltedc’:%gbfnﬁg%é%@n e@\ggﬁ%g %ekr@agegoass kb
fragments, | ocat ddumsinqgipiil in qannefehe Pradyead, ?b%‘ib%’étq%lty? fpilure

Cul turing. Elect rdaaoafzfﬂﬂ o'ie eﬁimr@foﬁ rGeJels%ﬂalaecEStﬁel heggaae,
E14T&a (Hooper et {: e, 326:292- éf) % gtur
m tonycin treate®%p %r idr BFLSE- Ma¥a §’§§ht‘?foll By

p 3 APR 2003 - 31daﬂatasnf|hedtmaoeasgétagene aan (ﬁQeﬁﬁ:;oﬂ oEndér Yokeikpxp.
Mor phol . 87: 27- 4l JThe, ety Nl €5 44 DL PLASH 3. 8Le1 B eRAR oed LOTLETDLYOY

f?omCS?BL/Gfe I"es 't hat " ar e to'1 ays earlier W

honozygous for arR@dmv@lmerW arsipg ex¢mpgeneic eseqiien¢asseith enABithout

83: 90659069) . R g (418.

£ ect f opor at | on ?éﬁﬁﬁ“ﬁlﬁf?ﬁ%ﬁﬁ%ﬁﬁ%@% SRl Sl

Hemat ol . (NY) 19:988- f@fernadlyy whely ©ne d§sith Eé‘GStﬁésHBp thtéuB‘ture

nedia at a concegheatimiudgFSBEIiA sabdngteciday atgd 1e§15he \Pirf.ﬁeﬂﬁe of
the targeting DNA Bﬂatruct a a concentratlgn of 12nMin the f

experi ment and 5f uced FBtOEBRPT AYS LhgENG X V%W"ﬁdcéﬁashﬁance
of 150-250 ~CF i $mfhonodlobiilin swbuhlanlmdzml feoroegampbe cGal Ithefcdinmhengt h

- and 100 i crggss reé:%Jr&Q oi5xt]h i Cs”?ﬂg h&! ecgmet ﬁ)lzjo%u% l@éfcgeef

mtonycin-treate flbro asts i es’'in resenceo
Dul becco' s nodi f cetdsExygcs whighi ha@wmwnowmnaelrrenpaa mtﬂmﬁsmfgepal ahdvi ne

serum (FBS) and {153 éQ:SfHQE @HEEsa o #nd GRlsR¢e my.-lﬂnéﬂ Jo
after el ectroporatal on vﬁ?r:ﬂg I a clgﬂt ai ni ? ? ES col oni eg
resul ting 10-14 dayaskreap Lrem r"d’gﬁ)r‘%tq ‘-'&?é: p‘T%%’éﬂ" vﬁ”f eemREEs et all
capillary pi pett@ﬁ f)Qi'taBQ| ¥ReSregiog BG;Bh sl in8ét e0abing ckeserei OAYihS
saved in 24-wel I Tt{gs al read eecjrg_f nt]r.torrym n- tre€(§j d feeder cells.
The other hal ves® Phe& EXIW0l s Qfe’%l on M iRe Q) o RAEGr f
tubes contai ni ngwhppecsucnm_laei_ ynSeftibnafesRBXsaid dimatyrteibri of faxrmations
reconbi nation byOP%’fl@@éiél‘lesmﬁﬁi. Pggsirably, usually at least about
75% of the exon sequence, preferably at least about 90%
of the exon sequence, is deleted.

Desirably, a marker gene is used in the targeting
construct to replace the deleted sequences. Various
marKers may be employed, particularly those which allow
for positive selection. Of particular interest is the
use of G418 resistance, resulting from expression of the
gene for neomycin phosphotransferase (“neo").



. . reactions are essentially as described (Kimand Smthies (1988),
Nucleic Acids Res. 16:8887-8893). After pelleting, the ES cells are
resuspended in 5 ~tl of PBS and are |ysed by the addition of 55 f H20
to each tube. DNAses are inactivated by heating each tube at 95&:3f AP 12003
mn. After treatnment with proteinase K af755C for 30 min, 30 ~1 of each

| ysate is transferred to a tube containing 20 ~1 of a reaction m xture
including PCR 0 3 APRIZ008he32 dutfdeanngl 5coxgstxfucaaph ppsteeam3Uarid /tag

ggl Z;nélr 2:eu5|12;/0 %‘%@?%ﬂ@%l\gf"'w& h%%5 sec FgRﬁ%xandaéR%Omcws

anneal i ng and ext eproviteas @raidmufmlmoerMme| Gons doukdee
TGGCGGACCGCTAT CCOQLASIH S @@Fmesp
COCEARC a0 h JASLIGHISCRICLIT e H0LERCSOR 25PRBY cnis

respectively to a region e’start codon of the neomycin
gene and sequencesPWiR%fd the Hernaf SEMRISK, Vintsn thynd dineokipases ggneof

the insertion siteasayObet bngloyba, r%&@erOTbé]]Ds lesc;ﬁ:lﬁéf@hawseﬁyaadme
agarose gels and transferred to r ~5§r193 ge)gg es%Zei;a Bi % d Flltgrs are
probed with a 3-PRARILEREAREHE billng BETRR SR AT AREYSERL %5 2pado

reg| on. EXAMPLE | Isudh &el acyeloefirt her ngaseyttovimeavbychdieir] (:9t—o):oxt1enes

in EScells A Cons %{e‘é‘%}é SHtﬁélfé‘%hB%pé&?@é‘ﬁf‘% xfr!&:ﬁ SHLT RN ﬁﬁ?’gﬁfgg%b

EcoRl fragnent, al ni eavy chain
genes and fl anki ng}tseqllencﬂs,_uczlg)rﬁﬁﬁﬁbﬁnhSBAKHB&Mmuse @h@r whsenast of

library and inserts%%kgﬁtflgg&ﬁ%(eﬂéke malqbg&“a&e@nwlb@sxmq{afé%é@eknao

del ete an about 2 four génes (see Figure

contal nin
2A) .- An about 1. PW“%P%B%WIHWE’W@MC?WF &#@&eaaepﬁeanam#hgm ore,

contai ning a neOWieE}erl@&héI geaomBhindeloRhdsecbarpea, YHEY axavhbye
t hym di ne ki nase % rormt er and ,pol yona enhancer was i sol at ed
f rom pMG Neo (Tho §’S§ éfeﬁ‘abééc SPL8EFHEREE 1, "51, 5d3-512). This fragment

was i nserted intothe XWhthathedpteSedcthbf tihe mam'kelrhgenel &hi the vgenhome
(prHdJ, see Fi gur ﬁ@in fc%é Q:Iilnatthfn{:éﬁ'Péef.bf?th'a%haécﬂ%fgat }tﬂ 99.19.%4:5]?1

neonycin and the héavy al n-genes
| i neari zed' by Ndebedng'e%$$®wtié¢ ctet exmimss abgtbﬁrtlmoraslmug 1ﬂ‘¢ﬁagls%§y@nces

driving the honol HQQUéc&efpg&I Nagg O @a&?rﬁe %ﬁlevad?uﬁF’B RefBer 35t ahoys . 2. 8
kb and about 1.1 kb fragments, |ocated 5 ZFt e neomnycin gene

respectively. B. EGFt uFli“qum%*ectHﬁﬁﬁyr ath@n a&ﬁ&YS ecPYonS%‘FtlE%r’éeI‘P%OtThe
ES cell line E14Tﬁ¥BrﬁKQh£€ioﬂnﬁ|lﬁIﬂE&le@tﬁgl(o&w):o eBNA\SliJ&s\ tl&@ Bk £985)

was cul tured on mtopycin Ctreate onic. fibroblast fe rs
described (Kol I er® e pteeeaty 1%9) é%l\ﬁ@?w é’@?ggﬁ%)'ﬁh rdnsert
were trypsinized, anésﬂhees\e@denneﬁ%tbtﬁlé@’ mn@&emsﬂ\ﬂm;ncj thé
KA, 2 mM Cad z l\lggbf [ nt i of
2x10~/ni and el ec? %pora‘{ I n ﬂ{ﬁg&%ﬁg&o@ w%ﬁlﬁ ?t%ﬁg Iéﬁéea%ed
i nactivation vect@@moﬁbtﬂt%p‘éhétl bﬁmwégqeaﬁr téagemnw hasaosFBREEAGene

Pul ser using 240 vol t spgRdy Ql»s‘ifb@a\@é‘éatvﬁﬂﬂ?ad5éﬁQ 8@' Qﬁtd@@@é@iﬁ@t%M s
were plated onto mtonycin C-treated fibroblasts. .in 100 di shes in the

presence of Dul beE’é%s%“‘Fr%cﬁﬁ |t’é‘t§‘q§éiﬂqé‘% recombinption - sﬁﬁﬁl RREREES BRY HPa5%
fetal bovine serusséddwhiéhnVr2ncgiasittang .todhe sedhanves widhliaceche4

G115 1 o5i ot ant | ECRTShTRY RORER T RO GO IR fagS of; qeauence

el ectroporation miasmekélﬂempohsﬂram and a&pthkatargetetliogust. orIrart';hy%l S

using the- pol ymerjge chaknchfiachi@NobBSrh oAl hofbcBIel HathSY FUGIYENES
primers present in the complementary strands if homologous
recombination has occurred. By demonstrating the expected
size fr{émehts, e.g. using Southern blot analysis, the
occurrence of homologous recombination is supported.

The targeting construct may further include a

replication system which is functional in the host cell.
For the most part, these replication systems will involve



_transferred to an individual well of a 24-well plate, al readnd:;seﬁma%%
wth mtonycin C-treated feeder cells. The other hal ves, conbined in pools
of four, were transferred to Eppendorf tubes containing 0.3 nl of PHS and
cell lysates were prepared for PCR analysis as described by Joyner et al
(1989) Nature, 338:153-155. The PCR reaction included 5-20 ;Cl of the cell

lysate, 1 ~M of eﬁQBaDXUEHLJ.c:btidP\ ofydeemPP| B sssamin&% ~Wi plis AMIPs .
The PCR anmplific og %o ed 45 cycl e{i{ usi g& a ther ma.l cI er,

(Per ki n- El ner Cet rnthu?ﬂalrt’ LU PARIIAIRE Vg S 5298a ang
3 min. extension me 7]21(Re Jartivmsptiranagr bpt jonat| boitiesianesystems may

ACGGTATCGCCGCTCC% CA j Y T PR
2003 - -34 correspo-nE s)ée%l’-tl %ﬁ%}%g%@égﬁ wma%laxbgnﬂl?é{,‘ te
of the neonycin gsmeh aﬁdsﬂéobh@\eé:@dd@mgnmoaﬂedmm Ihegenase Weawtimhain
gene, about 160 &(?;eﬁ?é %d&foJﬂ% }/ '?lds'l%‘f:e ﬁgﬁ%@ssg%lsﬁﬂgﬁ g%&!%te.

reconbi nation gl S rise to an OUt reaction

mxture is el ect Fdgifies@enen Wa@’&r%@rg"@les ILKtgened Win ithe higkem In

bromi de and tran%fdemﬁ%nt eorEb/&&ﬁbﬁ&@r amw-éiﬁ@@@rﬁ@mﬁs mby| b lehpRiyRd
probed with a 3~P-| %belled Rl - Pst | about .4 kb fé&ﬁ{ereezna)located in the

mouse heavy chai -0 rthertl?é‘ MNGs 5% & rkex-geney  her
anal ysi s, genom c DNA]waprppapangctl{er uar&étmablmnsit:gmetecfom hbmoteybuet i on
enzynes as reco mapuf. aCtUr 6.8 ....an MR r ted
on 1% agar ose ggﬁ%% wz}t:sl ?’r angf gfe%lg'ct%éﬁr’?nl %’ ranexg 8a§'§ 8¢

and probed with phretizRlastlyl Ead codignBay las uesbudgddfabopgep@rmgatgxs| S

of GA418-resi stanﬁg §efe<1' QEERstPubRe émséior?m;era' ﬁagﬁﬂnéﬂ%ﬁﬂél% the

pool ed col oni es ct e one positive PCR signal e expect Sl ze
(about 1.4 kb) o@hadysis pelfl rasHrEeEhrifiane n@mra. Sranfedvenaing, The

four individual gg@ Qﬂ's@.%nt aaa Dad18e0bR | AR 1tAE dedifien jddn&a .POeh ¥REE
a1 or anal yei sCapeled’ Ehe rerdAceIRRt, GRFRtEoNon Ieke he ( REneGsRRdC
experinment- yiel pRA 4nadghitt ucsnajar@@sl igereraldyeexdetiing &SAit 150 E&Bﬁ, ;
genes. ) (i he genesrerftycttrdre (e WeTEbEY A DERALIY Ros iR Rencamedf
positive clones 1eee Jehparadyéaartdagbnﬁnccabl‘vhmqme@a(rm) diayebeeaased t h
H ndl Il or with 3 |c§8q+ﬁgab¥ZEHeb¥a ?Hi:?ﬂ?”céﬁéjti‘ﬁbi as descri bed using

t he EcoRI - Pst| repl acenen enes by insertion of the

neomyci n gene by an h@ﬁﬁ?c@&%%&%?ﬁ&ﬁ?§ﬁ°§\}@§ heen prepayed ppdAny
fragment, detectghh€sithBlréhe S€@Rnd®d | reRove@PR 281g. ~5 préberys®ish is

about 1.9 kb longer than the e aJ ent nment I he nat | ocus,. due
to ;J he | oss of t%%q‘llf’ﬁﬁ?ﬂ E??g‘léj‘l’%{%%’é‘f%‘a l??igt’?%wo%‘?e%%ﬁrﬁg‘é‘éﬁ‘g ’r‘é*g‘?o#‘f‘? gee
gi gure 2C) . Soutdeget ar@lsi ﬁfOf exampdk tdre ESpamnyeAmlyomn‘bghﬂmtll Ihl

i gestion gave tern ich,i t e t he
neavy chai ) oo s otnt orablpfdefie i ROEfe rd Faffet 5 els
detected: one feayene dmpboyeds0 Teohnigiws iicwilude spzza!:mmlamtftmmnt in
untreated cells &t t he i nE%ﬂéi‘BﬁlaQEecEigg"Ef\%sio@bom &é@lon

identical in size ?o t hat present 1n-untreate Ut of decreased’

intensity in theestrrRo¥atEoR} Gindcidmiphasphaterrdiated,RiAtxantfen. 2
kb, the size prqs&cdﬁdeé@rmf@ra OfPeeEDYR. r econbi nati on event, present onI y
in the PCR-positive c imlarl t he repl acement, of t enes

t he neonycin gene by %‘%&r‘?%@o%l%t W%‘%E ‘Ei?’ésﬁft?‘? %F‘?%%s of
one Sacl site angkelle, a;cmﬂﬁrtartreallﬁ mayf bagsebectdét bytmbarsvwof pasictive
EcoRI - Pst| prob y Y

fragnent in theear?é%ly] p’leggtgg seels%g:"P aé%&?@ erl#&g'r?g]q%gl 2410§H\¥%m

cl ones by SacT diegisttanmcegand am%mp@dgmy@lwgt masigtance. fhpeame
targeted allele: r ted
in untreated ceﬁ q%bhic?) éggfrqease Q%ﬁf!g%?ﬂéﬁ%y#ﬁ %f%gtseﬁ P\%Zﬁu%\‘g’g
and an additi onaﬁnarlrwéntbbf mgetrigtiopp, apnév5|1§e prakpeteephoyesis,

targeted honol ogRiHOSP"RhARYERB, ©\POK, d¥ CERBL 1GKe). | nBtyheidléi@Elif}f'iﬁ@
cl ones. Rehybri d| zat i on of th%(S%uth eLn bl ot s vmt?g:_ng i for the neorryC| n
B be les

gene showed t hatt F@AReRER whi Mdthe Prgsency deni(§d pFoRehe
H ndl Il and the Sacl digestion, respectively, hybridized to the probe as
predicted by the targeting event. D. CGeneration of chinmeric mce with J~.i
del etions Three and a half day old C57BL/6J*(Jackson Laboratories, Bar

Har bor, ME) bl astocyst's were obtained from4-5 week ol d superovul at ed

femal es as described by Koller, et al. 1989 (supra). ES cells were

trypsini zed, '



0 3 ASR zo003 -36 washed once with fresh DVEM nedi a, and diluted to about 1
X 106/ m. in DVEM medi um containing | 0% fetal bovine serum and 200WW%§03
pH 7.5. 10 to 15 cells were injected into the bl astocoel of each

bl ast ocyst. ES-cell containing blastocysts were then surgically transferred
to one uterine horn of C57BL/ 6J X DBA/ 2 or C57BL/ 6] X CBA F1
pseudopregnant fermal es. The contribution™0f ES cells to the offspring was

j udged visual | y bytexggtnhbcos, obné hear daterdul fiyr cgfl ishénpubich GsnBlSdousce

are solid black in agh%inlggoﬁsn%@ ock@iaila ldona et e dog abedefigom

129/ 0l1la enbryos, whi carry three coat color genes, the dom nant™ AWallele
at the agouti | ocu82r9g8E LEEBSsi ve pink-eyes ' dilute allele at the p

| ocus, and the recessivenh& hbaiet B8s6rliBedSprébes®rngy dbé et fermed Wi 66t
the ES cells participate rmatio (}_[nr;he ani,na

d in iihe f% I havq:r coats

contai ni ng agouti BAdIRRELAVALEr 8 NEAVY G NS Mo PTRIFTI P HEC tHkem
chinmeric mce was ée#hl uailaskdhy mhengcalls ars7Rlictkdimjestedndintor ilgstE or
F1 offspring with | r % of e ti L6 I Xp ed
to inherit the rrut%?ée)%l{%%ggégcHgggﬁaﬁeé%éel%%mﬁgﬁ&c%.ngbgﬁfgg#lt Igfn ﬁg‘éﬁay%ﬁe
Sout hern bl ot analghsimenic DNAinabs aaxe bredn taiqhtairhdelhenceaygaus) st |

| i ne ES65-1, carrw 0 : | ly'g%‘u% | N eInfefd
C57BL/ 6J nouse bl é‘g{%}:&/s s?ﬁ Q§H§g4§&%g¥et%§es&3?vi 1 nghgﬁ;ﬁ)g'vrére chiy r‘%’s.
Two chi meric fenalh@st 28ay2 hengobkained,sn SMPYYRNIFt FLER7 199655 nliR¥s be

%i el ﬂed germ i nef ti!s’t‘fﬁﬁéf}?ﬂdak:ranklfgﬁ-ﬂlégcﬁwfilﬂmwefﬁb lefe agsgaaermmed
y the percent of agouti o ring. .Southern hlot al.ysis o rom,
het er ozygous of f sdI‘I%ﬁ’gs'i HBFCQE%(P%&P% E?Bﬁ@geg‘fu?'ﬁjgfta#gtggo‘;w diegin
in addition to onhavat ibeenml iwdetivatedut Alterngbivelpyothry lightedhaid ce
honmozygous for th tat] 8, Ol.al | Gl g | f.enal e
mce which were i §§%$Hggp§)\sgeﬁed$%{§£qséfﬁ) '1%:2{:8.}%23%6&.(32%?& ?gglpilﬁgr?éof
these 0°3 APR 2@ddmiZatdsuti ofs ®bee ahalit¥d tor niedygesdightof chiadnt wo
targeted heavy chai I S | y§i ; Y&hLEHO
cell's from chi ner?g&r%ﬂggqloﬁdlg%e't ioio%\h%f VI?%P%]?_'@% ?ﬁn%gggtﬁ?fg?%l gh?ht fct):h%

i nactivate the hed®pbdRaiand okhe, kapea ilidhio fhp i simnunagtehpl the 19icdok

of devel opnent of AbgheXRraYE NGHe GRindyaiviOf1ull ilkge b etiddwsea M ce
whi ch are heterozygous at the JH |logus,carry o i nfact and, functi onal
heavy chain alley, der f\?eda??ﬁﬁIiYhelgﬁﬁﬁ%‘g' p&&’@nt , a’éﬁﬁ%on%m?ﬁlﬁ d&ay epe
heavy chain al | el subsitdituteddeithethé raomalidgpusSxeabhgenelizol6dasst T this
S lED Eore St i gl B0 R AL BLohraES, slbRCERRISTYSS,
al lotype) with al ot yge- spwei reaiepnas Shel apalpgedsebostisipgusl ofo that
cytonetry anal ysi gngfraghifed¥ncx8s8esateidwBth the position of the locus
will be substantially the same for the xenogeneic
immunoglobulin locus. For example, by isolating the
variable region of the human IgH locus (including V, D,
and J sequences), or portion thereof, and flanking the
human locus with sequences from the 'murine locus,
preferably sequences separated by at least about 5 kbp,
in the host locus, preferably at least about 10 kbp in
the host locus, one may insert the human fragment into
this region in a recombinational event(s), substituting
the human immunoglobulin locus for the endogenous variable
region of the host immunoglobulin locus. In this manner,
one may disrupt the ability of the host to produce an
endogenous immunoglobulin subunit, while allowing for the
promoter of the human immunoglobulin locus to be activated



The specificity of these antibodies is shown in Figure 3 (A-C) . Peripheral
bl ood |ynphocytes were stained with antibodies to the B cell speq8i APR 2003
mar ker, H220, and with antibodies to the IgMallotype. B cells from

C57BL/ 6J m ce stained with antibodies directed against the g allotype
but not the IgM allotype (Figure 3B). BOtells derived from 129/ 01a mice
stained with antihody against the IgM allotype, but nqQt the IgM allotype
(Figure 3A). In hét¥%rBB§ghirst a#phaseh EEdcéFﬁyilﬁgegng’yi ntBet Tegudatared
heavy chain all el esystteiwner | th@cho£57/BL/ 6J-deri ved heavy chain allele,

bot h. al | ot ypes were present jn ual i lls .from
m ce which were het ero%@fé%ro?gt@éogl{?%gozt ?gﬁgﬁtﬁde‘?%%?’\y/\%?;fgﬂﬁg%ﬁ fe
JH del et ed heavy diiaiding lpgiotedass finomhadat, 114/ b3 ngressary tthate ther boste

[ i ti f t | \ z ¢
tC ﬁe ;Snlto gilt IC\5/$BL;) g’f @é‘l Yy C '?JT nga%véﬂitge?g%%f%gghég%mggsH'IQVStherrom

Fi gu ese resu
i ndi cated that thfantaks dnvelvedvyithdihe preduct sonfc enfdbedinst vhidet

encode a functionglackdhepdlompedent eadaﬁéﬁé.&s s ¥ %aewekg_bewi%n of

honmozygous for the JH del etjon were . so_anal yzed for.the abjility to
produce functi onaf*®3®] BBgi Eg‘.?h?’e?‘f .q'ﬁ ofj| UU&'Y‘P RIARS- ¢ F['szhoFrBﬁﬁous

mut ant mce were anzliyyeed apdf lotheryt faetoys asisogiatiediowitls tgernhellineel |
specific marker H nd W t | ), p If] s kers eg, Fi e 4
j . In contrast t%%gﬁg%ggﬁ\ﬂeam,mggzeﬁéﬁ%rgoﬁg_%%: i,"&tﬁggéégoﬁéél ?’é‘e g?LFgM
produci ng cells cwald be flunstiedailninhehenhasft. nWbet( wiiddr be4dackingnis
addi tion, the nutagn ) = t i i e e
results indicate ha‘flﬂéﬁgoggﬁeﬁﬁgﬁr%? %@H%Pg‘ on T y;%h%o?ﬁg?igggyégﬂgfn
alleles | eads to asgprdagednhi Witihon dthes camodustdiashmemt t o edegengus

cell's and product § gRuRbgdBbullaey. - - F. Generation of honpbzygous nutant ES
cells The, effect of JH gel etion on,B c%lnis can, al so be anal yze

| yzed by
generating ES cel | s w tRebdPReHEalIOBH roduaeq Xepogenein, PHA BRY¥ PRen
ﬁsed to pr Od]chCE fh&ﬁ&bhfmfdh&noﬂtdgﬂus:dapehdgngpnpuzhatpantd)éultaﬁmnm' ategy! s
onozygous . for e.,nutation no us a Mer e .

gener ated by subj g%t Pﬁg e&?elo(x‘e‘{"ﬁe ?%‘?‘gf oggggﬁg}{hu?gr?ﬁ%%a}#\é@f’ Eﬁ’iﬁgl,
to el evated | evel sepétiiige( 1sttepg/ mbr thws emlsindtipn orwittrodareedimagi on
of the targeted e t Vi NI i e r

Sout hern bl ot an%é@%gﬁglg%g%gg’ba}?gﬁeﬁﬂ i_%% P%FS?' gal 3?1510 ?E% Pa%ﬁ%d. &
wi | d-type. heavy dpeeduce| seaogenedeqbiadingnpspteisscdnd the gakstantial.

One of these cl 0r@§s_el§§@'@97li‘@ﬁt589%évﬁﬁ Qriendd it losulerY ey
chain allele, as evidenced ' lﬁé ige, i.nabjl] etect the wld

. ty of probes t
type 4.0 kb fragrierANSHACBYLLAB 1RANERIAE APYSeEhRLR e OB INGEPUE 1A ed
fragment. Karyot yjNK iartad wsvviableESEKP) Suchdas at@d udet ioh | KEQ-eedict teed
| ine ES110-1, abq % af th | . S | { hat
two targeted all e'%gejfsf\%e(%sgoé'eggnggt\%ﬁjéggégi%%%gg%ﬁ% Ne cgﬁds&%elr%ﬁ'
m croi nj ect ed i ntelezsnBbpevabian; odipofeahionhihielishics, werethendikeed.

- ~f 3 APt~ 1~ - 3% (ke AR Yalnbdindl £ 2bk , F hRTE NOEER VAR Sa kb B R0
the host genome, either by homologous recombiration or
random integration, and host animals have been produced
“with the endogenous immunoglobulin loci inactivated by
appropriate breeding of the various transgenic animals
or animals derived from chimeric animals, one can produce
a host which lacks the native capability to produce,
endogenéus immunoglobulin, but has the capacity to produce
xenogeneic immunoglobulins with at least a significant
portion of the repertoire of the xenogeneic source.

The functional inactivation of the two copies of each
of the three host Ig loci (heavy, kappa and lambda), where



B cells fromchineric mce were analyzed to determ ne the effect of JH

del etion on B cell devel opnent and anti body production. Lynphoc§tlest Ay o3
the ES cell line (129/01a) can be distingui shed from bl astocyst-derived
(C57HL/ 6J) |ynmphocytes by a nonoclonal antibody to the Ly-9.1 nmarker, which
is found on |ynphocytes of 129 origin, bét-not those of B6 origin. In
addition, the two sheahnstdithkar cionttalieisr thgMhainaot ygy asd ptbei busiap Ig

described. The chi ﬁgéégc f‘)é/rtz { QRid e D S Q‘EE\%;{J Qh%y%fgoﬁjq%% ES

cells (W), or from vvere et erozygous 65-1
honozygous ( ESDK209¥ raqulﬂéhtluﬁgeqwmy agilegu P@r?’pﬁ%@‘é} thesroduction

mononucl ear cel |'s Wergost 2t iurdiH idAHSd QritinAicd. e fH host
mar ker H220, and wth antibodi,es 'tq either “%9. 1 or, |gM a%ot
then anal yzed by t$BradhorbY| dWupigatipry. ho\SpecRite dr

cell lineage, the ggkpsnaehg shai pedducthonntddaslyr fros Bheeil'J.SEbh:oﬂlwdiQfg
Thy 1.2, and with anti - t% 1 antl cﬁ% St ai nj r}% %_cel Ils Lro ?) arera;al
mouse strains proviRREG EHREMEIRD AREIEPRIES. ML P-S5d15. TORLA PR T8F

assay. Mce with sibth murdagmpelmﬁaamm |mbeasnu}m:d'gethbgdmatartyobdm(ar
were compared. ES-ggplaedell agfle T fd bl £, SERBEL CProBuie RPTE P RlHan

bl ood of chineric mce generate from
confirmng -the abmcchlcﬁnétlhﬁstébpﬂlﬁﬁne Merhpde aIrIeSEeﬂ-é }FWPIOHH*‘-@@ gt n

vivo. Analysis of &) @pha3ndRGetsheinhoes stdKl & dWﬂ@xﬁ@f%ﬁoéléﬂﬁl
ES110-1 cells dermnstrat ed thé presence of B220+/1gM +/Ly-9.1'" B cel

cont ai ning a si nglAtikadHA@S. ES cel | -derived |1 g heavy chain |ocus. | n
contrast to the WI' and thengu®j deteinieenoabuﬂsgyaandnheeageqeéat Rdelir a6kt be

h SDK207 cel I Lacked [vs=9. 1+ B220 L * | B22
calls in. peri phor s SencPERltriBE | GenbhFesBaadl phlt aseel Phtua

not- due to.a |ack proviyeshdhei eppeortsinidy ESdanrorxidid yEdr Jﬁétﬂzm jelihed
represented 12% of t%ggg_gilophof thg goﬁggaggereg%gﬁ?ogl ?e T r| @ﬁer?ém'

bl ood npbnonucl ear Ce r oxi nat
cells. Thus, del etiro@yefon nembtnlategndtmlr@hf boi\htern@tegeby@mse or more

devel opment of magy eh{agé\ﬁ&{@ﬁ%lfcwa &, afld &, o2 & i@?ﬁﬁh\é?t benfe&faeegﬂde

for chinmeric spleen ce i meras were al §o teste for thé presence o
serum | gM der i ved ofr hpinee tE@@@IqUe@nqegﬂPCPé\J-égsa\ﬂé-rfé%% PHOERiLAer 88Shr om

wi |l d-type ES cel |l gsangh céldymel té, Emhsmliabgehe@dmt@tﬁm, %eﬁ“@kfde
undet ectable in m_ce derived rom

SDK207 cell line., Furth sls
undetectabl e 11 Mg derLued [Lom Lhe ReDC0r el ner HpRtasize
derived fromthe kbaingcgse. hogfowﬂutfaatdn;i E)‘Badtamxueohqqm+ &8.qe) I’BNF,

However, DK207-der.i vgéFggn \t/vh%rtélgﬁgntfi}ge %%lé atlj_,gp %fxagn Ill[ Sere ch

wer e H220 ~/ Ly- 9. rve cel orfe TAFrOW I ore
likely to contai nBa/QMbpapl}ﬂht&9d@96f44ﬁsaoél WO&&AQ/?&)BSB c8ll ipsertiingrthe

whose maturation ?oé'e?ﬁk%‘% bynﬁéa?eélerr%se%o% dengithnk oéec{,f@nJbeeglgﬂd

The bone nmarrow cell's were also analyzed wi th threecolor fTow cytorretr%/
usi ng anti bodi es PEOV§ding fyosRlifidg hef &hes wriphie vegifpd tgs the

show t he maj ori t ymgfiEPedecongtane! |§ed‘@d§l@ cRéa, pOtEhéi yesuwelma lmnding
consistent with anerl,ébocklnrra t|on of e cells
bositive for Thy Broteid may hate a drerina ] e 8r's

. These data showikahogebltl ingy. thBprIrbegddngr e?:eurl asshmg hﬂaqmeelwiyhof
t he heavy chain Ieﬁ‘g_sl}1 egﬁgar n&flgrggeglg rratura wiiﬂMha'\ﬁ:thRE

| gH rearrangenment ‘res s I'n restricting B
cel | progenitors msantedrpxyomagea%ftm\ﬁefmmal r%HIEP!APR DHoiesired,

the constant region may be entirely substituted by the
other protein, by providing for a construct with the
appropriate splice sites for joining the variable region
to the other protein.

The B-cells from the transgenic host producing
immunoglobulin or immunoglobulin analog may be used for



-41EXAMPLE 111 Deletion of the Mowuse |1 q kappa licxht chain constant LC ~~
region A Construction of. the replacenent tar ecx tincx vector Tb? Wg 03
region was inactivated with a replacenent type vector, which was de 8
to delete the constant region of the kappa |ocus, and replace it with the
(418 drug resistance marker through homphogous reconbi nati on. Honol ogous

reconbi nati on was driven by regi gns of | @ ich f|lank.the constant
regi on (sea Fi gurefd l°rhtcj’>e/ﬁo Ellnieof“XFgong gﬁ\é\%l%‘?f{ﬂ%ee RYRTAD93R PN
(Stratagene) cl ondshnicrttallizrditia phagethes screwretiiborlt hprpresence enfgthe
nmouse Ct gene wit

(1980) Nucl eic Ac:% &% "%ef(s;?'e%;ér1 C#Pg%&gmﬁ%%?gtgﬁghééaggﬂgﬁgé#gggng&ffg nay
constant region. Ahemikea grewe tnorenthneauaysul PfédOFolﬂﬁF'@dHF@Sel\M@

identified, then pyd fi&d sbwRedras Eonpatin1d HdstONor ApRbiaLEich Ute
phage DNA shovved that the kappa constant region probe hybridized to a 5.

kb Sphl/BanHl fra@§&iteSthi s fragnent contained the kappa J region genes
an intronic enhancer elrgeegugutt hﬁvk@p@f)oﬁopﬁ&megegwnthét pyedulchddn

i sol ated and subcl gned 'n sites of . the plasmd 18
to give the pl asm"% pEE:EX %ngiagﬁﬁma% ?J’?Bg‘ers?lémﬂor?srt er‘P‘aPhemBBP&lgg'Cﬁa
vector, fragnment santnbaﬂliiesgorhmﬁiboéglanalﬂgsheWkepgatrm)mmmatlnm'ghost a

thym di ne ki nase ESE ’J&ﬁﬂ-ﬁi[yhe %ﬁ&c%‘)gm? nBGeHY YL E—%@hﬁfﬁ%&fhﬁﬁ%

and a 3" region o Kappa Co repgi on were
t oget her (see F|ganelBPdlAS4m@YkbespﬁpﬂB§G§6£rPWagﬁhﬁF profieine bYaEﬁiDg

puUC218/ 5. 6kappa t $pm] S t egt.or
pSK. A to give th‘g@%éﬁ'ﬁ]ﬁ?ﬁ%dcémﬂn m}?le vec?g(r% pSK%@]'llns%’I ggﬁgdl&f'l %gﬂﬁoﬁgo

pBl uescri pt SKwhi Eﬁoﬁﬁéna‘\syﬁ?hg‘i&c Xi¥eyl i nker: 5
wTATmmmemgw{ﬁﬁrﬁmﬁm%ﬁing embodiments of

CATOCOTATACOOQACTCCATT. (ﬁ)@(‘@ Cl TAAQA TT(I]\/E@:(IIII) 3 0 3 APR
2003 -42inserted %%?V\glélﬁa? oﬁ Fué?@ﬁ ﬁtlsﬁp IS I sites. A 2.7 kb
EcoRI/ Hi ndl I | fragnentIcokding s hdtertvaryrsus for dnnénachave éfi&dgeroas
driven by the no | 3 ot

ol asmi d KOtk (TybeT o o ERLALGLELITIE JEHE (AEHRL0HR Shindfy SR
into the EcoRl arﬂbmmeéllPEsle—eHBKeAﬂBnﬂ)by using a H ndll1/Notl adapter

wth the sequence: 8 fECTREMEPGIIEORCTY dot VB diogehshsi ng
plasm d, pSK A/5' K/ TK, she 5' end of t he gene and the kappa gonst ant

region gene are higare ghain e’é&’h“’b?%é?bu?-hnoﬂ%gl £%°%?mewﬁ p?‘i‘b‘ﬁ%t }s are
orientations. A bptdineday Bﬁmrﬁfagaﬁﬁg)f rom pMCl Neo, which contains the

a0 el € A6, Tkl RS AUE S0P AERVEL ey RS ENET
pSK. B/ Neo. The \eightt ap8kh&avy chabudi inmnéeglolnil pBloeres apd I8k ydhowas a
synthetic polylingHr: (i e. containing one copy of) foreign, preferably
human, heavy chain immunoglobulin genes (homozygous
animals are obtained by interbreeding); )
IV. Animals homozygous for functional endogenous
light and heavy chain immunoglobulin genes and hemizygous
‘for foreign, preferably human, light chain immunoglobulin
genes (homozygous animals are obtained by interbreeding);
V. Animals heterozygous for inactive endogenous
heavy and light chain immunoglobulin genes obtained by
crossbréeding animals of category I with animals from
category II (homozygous animals are obtained by

interbreeding) ;



3" dAQGTCGaATCCE ATCTCOAQaMITGTATMECI TCATATQY AQCT .
CATOCf COAOCGTACOATAQAQCSE CCl TMRATATTCQOAAf | TATACA 3' inserted bet \/\gean AtP ﬁe 2003
pBl uescri pt Kpnl and Sacl sites. A 1.1 kb Bglll/BanmH fragnent from
pUC218/ 5. 6kappa, which contains honology to the 3' end of the kappa region,
was cloned into BanHl digested, alkalin&?phosphatase treated pSK. C vector.

Ihﬁt \é:&t or (F;lSKl- i Eklef ag{dei T fid 1 1t PR SPSGEL PEorSKE na¥d S N@Radgenous
wéo 1 ATASAA¥TOGGE$W@11M@1'%AMWA&GE"&S and hemizygous

bCAtTO' TG~ﬂ\]/W ATCBE|T ~|\/E6r%§££ﬁﬁk Qﬁr%@éﬁd < lKirﬁA_ %AET%Mh &PQQnSimnladrmg?I_ ddmllin
etween the pBl uescri nl, and, Sacl sites. e resulting_plasm

pPSK. C/3'K is ori eﬁFBﬁgsﬁgﬁaﬂH&fi PVaﬁgf?FFbFIeSﬂlBFoﬁgéﬁ%i? r‘g%cf'ﬁée% e
itn thte_ pl aslrri d pghythnkﬂimftanstf@%ﬂicjaf@éém%ai (tahﬁnité[l:s! hsx'ti\_bzygéfhe_f¢n<(31the6 .
argeting plasmd,was, constrycted wi a,thr ar i gation i :
kb Not!/NdeT fragﬁﬁﬂ?tﬂ’ﬁrﬁaﬁéﬁgﬁguﬁ/ ,l@ﬁ%ﬁﬂ%%ﬁ?’}jﬁi&@ﬁaﬁﬁn@? rom
pSK. B/ Neo and (C)fdreigh Sank/ Aokl obtadmerdt bir dmte8kréed8ing)fgated to nake
the plasm d pK TK/ neo. 0 4 :K&Q{qg
deletion vector into E5 cel ?%%fg?@%ﬁﬁfagﬁﬁ%ﬁéé %%%&@KFR@O s cut
with Pw, extractheavy tandBdgbt/ ehabnokwnpnegito hdhgengeeandhefieygouse
DNA was resuspendesh FHor@digh,epkBEbahbaly mmanfqa%mtéﬁéimn@hn%gwumm 10
mMv Tris-HC1, 1 nM EDTA The,engréonl c Stemcell |ine %4-1, a %%%%I one_of
E14 (Hooper, et &7engdo@htajined, BY3550s6Pre681ing ndRadE 8F © Y4, BV g/ 1
gl ucose (J.R H RristianGesl)s SHy eategadywt [(ahbfiabs dioncaptovstfed: faial
calf serum reconpi nant nurl{:&e Ieukerr]iha j rﬁllr\?;ltz)'}itory_ Lagt}ﬁot{%é ES~-RO rrothG bco
BRL, 1000 U/m), 0% AYCELEED fafiol 512 g1 Bt M e YRS 6O TUhe
penicillin at 37 foreidiodéite dhe chtasnedrbycuhterkdeedimg) pnycin-treated

primary enbryonic fibr st f r.qlay i y ' ( | er
and Smithies (1989) Sl,t{)h:’)ia.. Thgﬁg‘%rlfon?’%ﬁlﬂggégg%a{sﬂ#é V\hze?ceeq%?zg é)lr?lgsg r?m
day 14 enbryos cdmagtigve leadogencpsobeanar godeliiont ahadm dpmunoglobulin
~32m cr ogl obul i n Jeffld ot Y 5BLESE él S s CpERe B 1E Himbh 0L s gHes e
feeder cells are "capable of growih in nedia contalining 4138. At g0%

confluency, the B8%ehea¥ier &hdvidhaidunpaigitkinypgelesSen gptained by

trypsini zati on, eRSNraididiy ynbhaks oEntdatagyatyl OIT aarld resnspanimals n

HEPES- buffered saline at 2 10'.,cells/m.,. The | | re. equild brated at

roam t enpér at ur e?‘og\?&ﬂq%ﬁofe&hﬁaFasFFﬁa evSEF%SeBﬁﬂg(%ch?d}d g' ﬁ'@d’. %fhe

m xture was el echemiaysgcars atf@60 tire anfo28dgly wgehea 8reRadbGehsedul dar .

The cells were | g_%:etr% tea}qlg-), Aat roomtenperature for 10 m nutes before
I sShe

plating onto 4 x df mitonycin-treated fibroblast feeders (3 x
106 feeder cells/pl at &n asnrefercedaepbadinenl, Cther hgBoapgeYs apémadis s

vere fed nedia cept @aRiedrlP 1 T10/dde Gidéd €0 SBF&Ricd HuniP B ibodies.
resistance. After a further 48 hours the cells were fed, nedja containing

d,
150 ~Cg/ M G418 and 2IXeM MR HOMPRYEPRR) £P5 funeEionat £RESIBNOUSe

t hym di ne ki nasehg@R§. and 1light chain immunoglobulin genes and hemizygous
for foreign, preferably human, heavy and ‘li-ght chain
immunoglobulin genes, obtained by crossbfeeding animals
‘of category III and IV (homozygous animals are obtained
by interbreeding); ’

X. Animals heterozygous for an inactive endogenous
heavy chain immunoglobulin gene and hemizygous for
foreign; preferably human, heavy and 1light chain
immunoglobulin genes, obtained by crossbreeding animals
of category II and IX (animals homozygous for the inactive
endogenous loci and homo- or hemizygous for the foreign
gene are obtained by interbreeding).



0 3 APR 2003 -44 C. Analysis of tarcreted ES cells After ten days of drug

selection with both G418 and gancycl ovir, the individual survivifhg ApRo%‘qggs
wer e picked and dissociated with a drop of trypsin in a 96 well plate, n
i ncubated at 37 for 2 mnutes. The cells fromeach colony were transferred
into a well of a 24-well plate containingimtonycin C-treated feeder cells
and selective nedia with 418, but not gancyclovir. After an additional 5-8
days, 20% of the cells XI.eauhimeld heserozygpas, fenan hractinienerdogenduto

i ) . ' f 10 b Ipi,s- H
PO 7 5) 2900 i Aapee, SngA Eafuda Rl ih Bord Tandl HEniRYIbLE, EDr
overni ght incubati 8RY8L950 CPTrEFErPRAYnah UGN f i 883YY pidkbl B@htctFBaiand

et hanol precipitat jafiunbgeopnashedenes dbbachbadnsy arsksRsesdng eshinas
~1 of 10 rrMTms-HC#_,

1. nM EDTA. h . | ' I
Bgl Il digested genBhi RERECFY om gg&s%’%@%ﬁ@ﬁ%&%ﬁ‘%%lﬁe %f?r’?alé% f'?e

fragment whi ch conéadogehbasr @gtinandrihonoeusr idni 2ygous fdownhe@gforeign
fragnent in the targeting vegtor S, Us as, a The native ES cell

| ocus gave an abou?ga?’Bagﬁ ?5&8&8%? bﬁm?ﬁ‘éefﬂ’ée%}?’gﬁ ed ES cell |ocus gave
an about 5.7 kb fragnenTheTirevenicionad sonpsoyidées admethodt fier liogdyrasfuaing
Bglll site during o] STy o] T -
anal ysis of 166 cI%Qn]g%&sﬁg&égﬁﬁleggée%ﬁhﬁgﬁggkgthfgﬂ ﬁggﬁtghgel n'?gilr?g]e? rh?n
nutati on. These clRWeanns <« mampad ianal hoel- bsraplyhi ke tsravences gk h
an about -, 1.1 kb hé agErendadi Lo GRS WRANSNAL AvadtPeBR: ddwe Wi obe

from the two- posi 9SAFEA Ehect sy Breschom Alqul ¢l T 3obe)acnrg” alitied et
expanded, reconfi magpdvisle toi trahsdeseavdidauss.ofA iritexkepr pbsuchnagbdle
1.7 kb H ndll1/Bgly spannj t he, | a J._reqion | qc was _used
to check for the clo#mr%'iw]g]rlgt %a%’ﬁtgl} @ﬁom‘}teﬁ%%g%rengoﬁjﬁ'he%ajor
targeting vect or. Nisitoraenpat bbbt tlodnRl mtigionised of 0ah ARRN2G@heic
genom ¢ DNA, an naly e, et I

Figure 7). -45abogﬁﬂf{@%aﬁ'agﬂggtegi S tgg’;éégd% %’E% ?r?g gﬁggb&éﬁ%kt‘?f
fragment from t he ITHeraEs + i(vdHgh maoRos ey noti havedheen Fheragtesdsiesyous

reconbi nation targridigal. tEaneL8li %ﬁﬁi@wmg’ BBr&BLRI A DME waeReitldred

E14-1 cells have Qheen .found to, contyibute to the germine at,a hi ]
frequency after i%pé’gﬁﬂﬂ’f"zi%eol%7 ?%g biBast ts%’To %a"e*%tefgg’Fﬁ’isﬁ"f'e

chi meras cont ai ni g ansmetmdsrgateedokdpptor apqulaticrg dpstedpiingldr kegdens
1L2-850 and 1L2-9 ' f . I L0l
and resuspended i &5 AEaEpEELE BrahbSBhs AR haf obe g iied X BRBEE

with 15% fetal cakhronosameEridoNgPES .gpHChroposaneshRayi saadd10); and
~B- mer capt oet hanol,; » 2@ sES Gfthé SpNET ﬁayng%&b%qsbnwlaacéyﬁr}é aéi—ofalégtecti%

the injected bl astocysts then transferfred t0 one uterinée horn o .
pseudopr egnant f eF&NE@SnOtRRE. SERENERGC B RriREE 0§ cfiisERE@SH X hFEBREdANG0at

color. Chineric nmabgdna®tembitatibfas S Bonpl dniitieey rabdsgaid ni€ations,

transm ssion of t e 12%430]%alge£hgeiblis I(_:g(lula stc\)/\r/asaggt %Ctoede%e%%%Utci:ar?O te
col or of the of f spPFnFX*amP P P ,

' introduced for the study of hypercholesterolenmia,

hyperlipoproteinemia and atherosclerosis, Factor VIII or

" IX can be introduced for hemophilia, cystic fibrosis

transmembrane conductance requl'ator can be introduced for

cystic fibrosis and the dystrophin gene for muscular

dystrophy. The xenogeneic DNA to be introduced using

a YAC is from a mammalian source, particularly primates,

more particularly human, other vertebrates or

invertebrates and the like. One can thus impart numerous

novel capabilities to the host, create genetic responses

related to the xenogeneic source of the DNA, provide for



One chineric male fromcell line 1L2-972 (about 40% ES cell derived as
judged by its coat color) , upon mating with C57B1/6J fenal es yi el ded
germine transm ssion at a frequency of 25% as deternined by tH3pAPRepg)30f
agouti offspring. Chineric males, about 40%' 70% and 90% chineric, from
cell line 1L2-850 yielded germine 'trams ssion at a frequencies cf 90%
63% and 33% respedthievepyodAgbiignt hef agodtibodfifespr i pgogader afed fspecthic
70% chineric nmal e fr gh out te]@gg

found to be heter ozygl?t}égg"l%?‘% §k ErFoﬁggi Jr'g? he ¥ cg’;o%%ed rruc}\%t %cﬁrby
Sout hern anal ysi s fetBiolic dsgésemam nintreduce kQPIBBIh@M/ Byetatisnagnent

descri bed above asc%mB'i@R%}\tU:?leEQsQQOQnﬂ\@t%ﬁ@r' Vﬁ?efié}%c}&'\éléwexﬁa
Furt her breeding of a mal.e .and femal e e@rg n’LR 3 3 APR 2003 -46this qgroup of
ati

8 F1 animals, bot hPRefMOAIAIGG ¥R RYRS oAcC- yP@IC@é’&eoﬁE’ Qgous

offiSpri ng 1;5 ougd ltOrbeoiﬂ?ﬁrﬁame}xsmB&fﬁjrmaaen;mmt yeaseas gmihgrmdmh;m St her n

anal ysis. E. Ana yS|so cel obt ai ned, from m ce tar t at_the

locus If the kappa’f§+t§gHES hé’lch 1pogg§at§opn%€1po\y\é:tlo %B'es g& %‘?e’a%l%{)ﬁp

of the light chai nhomatquusrletgA dilar®e othler P¥Anefigintegrest) K)ne ars dile O(

and JK, then a Co%%grdbﬁy,g%é YenRBefiBue! ARRCALe Gle KORMAERSE D0 5,600 1,
em ceI e copy o

shoul d result. Museée S contalning a sin
conpl ete CK del et i B gelk) \Fi@ré’lllﬁt VaHucewre G/ M\mamzymgenes

descri bed above t0j REQUUEE HIUALTRIH ST He e relkitiRld ord i
bred with V\nldtyple C57BL/ 6 (B6 rﬁceé%rfo? he F1l pro e(ril)y \Aﬁﬁt&a@

the presence of tk@laﬁé?ﬂltsﬁ"} I §Bﬁt’ﬁ%’t‘ﬂg%‘i‘%{“t‘l tor ‘i%lﬁtm"aﬁ}oﬁi%e
that carried the |Imddhanishs @ \&ﬁéelbteﬂaaﬂﬁoE%mfd‘éﬁHdﬁthd\@fz%ﬁiwe:(ith
simlarly for ACX. e of 5 F2 offs meQﬁ,was sh ogn to carrpé.%hormzy%o s CK
del etion, and anotHEeRate rff’eqeé'fed’zcilgf%l.?s 2P n§HSERNRE S PARY &4 v 8—t3‘;9e
CK all el e. The 3 aithely ofdregs i gene smsltiamsype The presence or absence of
Kpositive B cells was a¥§ﬁep¥1f | Quy cg{.g r}%é/sbﬁp‘of e\t,)aqﬁ{mseral

| es t

bl ood B cells stained w uor ebcent antl reac
cel | marker (H220)desicmihed tha datiagh bﬁﬁehn.Fdﬁqsweangw&rgmmdAo«hmh

mouse no K-positi i Geld & %&&@Mr@ndnl&i{;@n dELRAZMIGn hhare
was a reduction in the frequen ng gosmlve B ce con5|stent w th the
"‘é’ﬁ’d* n

presence of a wil FaiAmeras ehe her uRBRi oRAl 1@ke§FF€I~ . THaxdous

resul ts denonstr atcériﬁwméi@setdxorteﬁonﬁfe‘sr Ayt hse Qm "partipatyenysthe
expressi on by nouse %

47|
of the nouse i muif§§ 58&1‘%1‘&%%@& YFaﬁF %lﬁ]é?xﬁoﬁo’&?\% "?%ﬁ &‘@ ngﬁg kgL' on
Design of the tar@xmarker walxp@tumiﬂn:twsTlﬁertaegettngn\mctsmremrcgegfgqemas a

replacement tybe MRLOLysuh! Akl ¥akOpdBbALE 1RESPRELAN! {801 Q1) Agaikbloas

the J region of the kappa cus and replace It ree elenents rough
honol ogous r econbAdeworfaki eff ietprthsseleabien ogPartieniliag ivhe s sHBRT

L eglh on (Figur ef 8)hgeAedl %&—féerpa&tt&gu?rq@n@m&énch@m@ fiankounea eté Ngarfl t

oth regions of ho uded in ses a

sel ect agl e marker & rt[% gﬁﬁ\ggéeéfag ﬂf‘sogoﬂéli%gt%ﬁgb‘fu?ﬂg Eﬁl%gii@g?ﬁ’ﬁ%é“ﬂrug
mar ker, an ad](cjl tlhdmel YA fmtﬁézf)glynévhli)l-&eiseqh&hmef thmxﬁw\lélmfngﬁss
to a region of t a rea

t hym di %e ki nase ggﬁzgaisﬂ‘g&f‘g‘%’é?fg det | e @s a% o%n# ﬁtﬁD&ﬁ?% eﬁ%éll n
the vector, this maytibsl deariged riyrqn aaryl sosebunancbpptof fitven ADHicn Efe

| ocus. This dupli E@Eigrhxy@%vta '&b‘i%ed h@ cf‘aHS t fq&?&é&% Gﬁ'l% tﬁxfu.&ﬁe

sequences between the’ segnent s y aﬁp ying Ve pressure.
the cell del etes rR®aipymigkie ﬁ%sﬁugﬁﬁéoﬂﬂét ifioxs Weicken tﬂi’é"i% for

segments in orderskPesdi¥hVeéxL9OEY AridY Whetel €Ré I K cdl 1 CamSbeULht PEa@EelNe

tarcretincx vect Og.nto an embryo and can repopulate the host, including the
germline. For the most part this capability has been
established with rodents, e.g. mice and rats, and to a
lesser extent with guinea pigs. Mice have been used for

the production of antibodies or B-lymphocytes for



The regi ons of honol ogy were derived froma 129 nouse fetal Ilven e@“lﬁﬂ
library (Stratagene) which was screened using two probes, as descCrib 3
above in Exanple -.111. This subclone contained the J region, an intronic
enhancer el enent and the constant region of the kappa |ight chal n | ocus.
The second probe was a 0.8 kb EcoRl fragffent (Van Ness et al. (1981), Ce 1

27:593-602) that | ifpmo2t81kbakRsh eamthk [B:J“tﬁidctfi&gi Glﬁ ambhaged DA, fBOGadse
| anbda cl one positiye for this pro d that t prQbe hc}/tgldi zeg%to a

5.5 kb Sacl fragnefit€ ﬁhl%eméésgubg?one et'o FRE SAT p§°tdeu pBlues2t 9t
SK' (Stratagene) tqugntzétibs,plaaxslmarqOSmcsﬂrkapq»ahéFegane eRtensived fmEhe

2003 - 48The 1 nact | 4abbegoyeat Ohsclhlah 100115012 Tnd SHAR Lo oEmLLEY. 2

t hym di ne ki nase rrtlym n resistance gene an regl on of
honol ogy (Fi gure 995f¢*é?\¢<1écFR¢PBQﬁr@ & gedéds b?cémﬁh@%%lébiﬁmiﬁil@%ﬁé@ay

were constructed fgpee Wy &R %9831maeEbgaeac%)wfmwwgasjeéa)lﬁmqtion
fragnment of honol o vmth or vmthout t he di_.pht heri a toxm ene (DT), drlven

by the mouse phos el inter ¥iipRe Fhakbiid tome Atinal

sel ect abl e mar ker ,oxf an@%tll&&ﬁﬁﬁalb)ﬁﬂﬁhi@]lﬁmQo@@hﬂ:s(,tthﬂﬁdiﬂﬂ? nw;é he
nouse phosphogl ycerate Kki ene@%?%)sl ? o§m at i ect abl e
mar ker al ong wit h %% ‘D§ 'h§° rectabBP E®hBomRr 7eF nelN9e B 95Rhm
pMCi Neo (Thonmas archdCappeicen pige37or Wotds busdGa&2¢hickeng)tuticeds, etc.

fragnent of honol g@y . Mid ReQh SMnb g‘oﬂév‘?hSng% qﬁdf’@%&%}gﬁ gﬁs%fampeie

pl asm ds (Figure were constru rom
respectively, allldaking g rW?WM’ésﬁFHlﬁBFﬁescPﬁpPaSchb‘}aﬁodﬂﬁ%Ston

of the polylinker 1nTE31§0ifﬂ/éﬂE§6nQafré BS 8bpesithddBayesqerpti Skt WRHPRT.

nodi fied by cloning bet n t he K nd Sacl sites a synthetjc polyljnker
defined by the ol ﬂg'b "deé-’ extdi ?E%@E?&A%%ﬁ%’%&%@gﬁm&\%

TAAGCT TGCGECCCCAGHEe3 1$@&W@Tﬁm

GGTACCGCATGCTTACCTCA TA crea I asm d
GAGCTc:GGATc:cTATc:Tc:@%ﬁf"r]é?ﬁcr(r;r éc'%"r ‘;\ regning Sd&¢ing human
5' - ACATATGAAGCTTAYA mo@eT@@maaﬂe of roratheplcasitire

Create plasm d psk BCans 1 GOTARLHA bR e P ARGE TG

TAC-3' to create 8pd EaabwatpsKUEWﬁraiEm het i Lawle n Monaisdags steadaxd

created in which Fbscaauee\éas hh%&%ﬂﬁt&)&etlﬁ}e %S m@n%ei-eaaélghgrasma
grow h hornone po denyl at.i on sl gnal V¥)y chik.et al D&Iﬂ roc

Acad. Sci. U.S. A a Bt Aetatl Jhereipge)by piR1HINGs the) yeass 3

b e seom | somntuo @“@‘*‘*““om . e fht her LB Lok n A charD arcen
- ; | Xi i

by the human net assgt ﬁggﬁ%ﬁe ﬁﬁ]ﬁn '%tﬁhe%o%e’rm}b@% %%%@??n?Sgﬁajﬁgsgﬁ'?éﬁt

SK' cut with Xbal thedDEBO&E untgrestt. heUphaSMdtbSKeDWllIhalbwlTble pnenoter

of pSK. DT was re t [ | 3

(1950) - ool 65 155 Bdbhers B gRENECORE Sl of ARl EcLepbis Al fatt:

joined to a 3. 1 kBosbareldst FeEgHeastf FB#PE'SKOHDTO sPhﬁtaCP%?F/ fekerest

adapt er formed fr@ﬂétm;eétgwwdrﬁe %néntq‘@@e&mﬁe wisi h&AEGCEC

GCCGCCTTCCCTGCA-3' to give the plas kDT. 8 by fra
contai i ng < he. oBPFB BF SHERFRGIHGTEvSfbl Ym e, PEOAGF Sean . aB08, Aeddsy
PCR anplificati orpmflhemdﬂlem&rmﬂldnr[ﬂ% WRAIG TRP1Q| LYSR|ICABE? igle thiel WRCS

5" " CAGGATCCAGCTGT, T 3'

was cloned into p%@-%ﬂv&r%r% &pp— ego %Aﬁﬁg%wmﬁ

pol yadenyl at i on skostndRy mwndamg:tfoureqomhemdntheim gor the most part

H ndl I'I / Pvul | I t I th
I n u D%*éﬁe %e?ﬁ@%% :H"i% Wi éﬂﬂ@é yﬁﬂg{f‘g&a AngeVeol e

pl asm d pSK. pgk ene cdsselte from 4‘&)& oV was nove
as a 2.1 kb EcoRISWFYiEivet iny égﬁﬁﬂ?cﬁ'—ﬁf"@ pedinmyut 3 t biPnahe senetdsi ng

a HindlI'l/Notl ad@@f’fflé@f:ﬂsﬁ tha® bBenOlyiAGORIe L Hd ¥ieSheen reta.lned it

5' - AGCTGGAACCCCTTGC 3 to give_t pl asm d
pSK. A/ DT. Bet weent§ h%egbﬁ?béﬁdtBs G‘?G‘? eof‘“%(ﬂ‘ﬂ' ’ﬁgk of aﬁae pERCAPEENGhe

5" region of hond ogethed éhehkaappuneeusfﬂva&dcbeneéleaﬁrdﬂnce:emﬁrs).ose a
4.0 kb Sphl/Bsu361 fragnment resulting froma partial Bsu36l digest followed
by a conplete Sphl digest of plasm d subclone ~pUC218/5. 6kappa was | i gated
to pSK. A or pSK. A/DT to give the plasm ds pSK A/ 5" K and pSK. A/ DT/ 5' K,
respectively. In the plasmd, pSK A/DT/5 K, the 5 -end of the DT gene and
kappa fragnment were adjacent to each othex running in the opposite
transcriptional orientations. The PGKtk gene fromthe plasmd pKJtk
(Tybulewicz et al. (1991), Cell 65:1153-1163) was cloned as a 2.7 kb
EcoRI/H ndl Il between the unique EcoRI and HindlIl sites of pSK. B to give
pSK. B/ TK. A 0.8 kb EcoRl fragnent used




0 3 AP R 1003 -~ofor the ADH was cloned from pSK. S kappa and was |i gated
into the EcoRI site of pSK B/ TK to give pSK. B/ (TK/ 0. 8K) such thab w)
5'-end of the tk gene and kappa fragnent were adjacent to each o @e R 2003
running in opposite transcriptional orientations. The 1.1 kb neo gene from
pMCl Neo was cl oned as an Xhol/BanH fragr®ght between the same sites of

pSK. B/ (TK/0.8K) to gi veHbde Bledsthdstl Blae}ym&hax@lmnnﬁyp%eﬁl BeKused
containing the 3 fragnent of "honol o con cte %l ngs K{)f,

di gested with BamHP®a ds?PESFeﬂfvﬁkﬁ%%PFnéng aJt%'%e”lft?gt & I°1°%

bgl I'l/BanHl fragmemransdeat ed thempm&f&ﬁmﬁdy hAchpEke@/ By Kprepear kagpa
fragnment was orien uch, that .transecri d

the plasm d polyli &EQS% SPPﬁEO&IPEC?l gh Q#é%ﬁﬁ%glﬁt ce:gﬁgﬁ]é{:ggg§§%ﬁg
cassette from pSK. Byk Begewa@ing e mtétﬁ!asvmlEdme/rl—hmdld |candidiians i nin
the same sites of 9§Kl§&e§{&<{l na?%xQB hE¥opThses- RAB! p &-b@l%leﬁnsin"‘ﬁ{fgrb

carried out to construct taf I ng pI asmds (Figure 9).
kb Not!/Ndel fragnékelfsom BxropeRtikalike axoying Nefo| FShtf ArsgRERtSISRN

SSK B/ (TK/ 0f 8K/hN601|Lréa’ebal ne@d@yha sﬂﬁfszte'd?} fagldl owﬁMe@ddM the
i gestion of the p and 't he ac rom

were isol ated and ?5’@%’(‘@%1? ttﬁﬂm‘ieé‘ Ye %RN?E"RF hﬁfég

Not | / Ndel T ragnentcandase F;E}@.;HzEHd S thecE8. GeKhs sae bﬁanl withgtt&nme‘lrlwﬂ
pSK. B/ ( TK/ 0. 8K/ Neo, Kk Sal/ fr r
isolated and Ii gatge Sg‘é’Pﬁ& qm c%eat egéﬁkéﬁl ?%%‘8 %&2% Cé‘% g@? %b 2
Not | / Ndel f ragrrentmim‘omEESK thTK-@MS ere Ahenkresygspesded fanggrimeubated

pSK. B/ ( TK/ 0. 8K/ Ne Natle E@aggg@{, frogheSKe§h13 T
(obt-ai ned by a Sagjl)n par? P}%Eée ﬁlt rNo I %gstl on_ of e%e g/rgsrtr:lh "

were isol ated and R13E@d 1N h&eeﬂ?rcr @8%%5pKfl9ﬂ7’ QR oPEK/ IR FEON Fon

el ectroporation, td&maﬁeed«ﬂmﬁna SBMA&tm/eémérk@i CBbr\/\tﬁB HMAT glne,
ApaLl, then ext rag_&\ Wi, h hen | / chl ﬁ- g ? ﬁl téa %lﬁ-llg
addition of ethan EﬁY % GYR Pé’ﬁ P& G-t 8Re ’6‘”3" F53OTDNA

pellets were resusqzﬂmtebbat reontleen ; atpivkerd, 1 expardeadn h@xdrnVIaﬁallyzlelal 1
nv EDTA(TE). C. cli 0 i line
E14-1 was cul ture (ﬂgsejs%?'\%g% %‘g@%ﬁe@xﬁg f‘?g@’reﬁ?@% zépf ?'2515’

equi librated at rcomhiongdr atibhe, Sauttherxn (lﬂwtteg\)g | Preavlaefi~f idldvael( as

descri bed above) X | o
above in Exanple I1] %aﬁr s%ésn ofb%::%%\?ﬁﬁté %ﬁgﬁa?ﬁeg‘?gﬁ“g i"éﬁb@i@n

After 7-10 days udf®&R)dr u@mBEPEéFFOﬁPW'PErQIS Bergdi \ﬂtdu]a‘Fa%%r‘Wﬁl R&
col oni es were eaclyndicikee wﬂpﬂeﬁéaﬁaﬁye&b ltneamk dnsefrtt, raﬁdlprcﬂﬁn@ﬁﬁ.tthd
above in Exanple LIl Sq_rﬁthern anal agri deouet Ou5| eqjd;B%J

di gested genom c SﬁReﬁ eea(ﬁ?%er{b‘%l ,Eefe? kbn r?%rﬂ B2 eﬁuf:r‘om
the native ES cel lasl dcus, fbrl de&elca:n.gar of. huutan rmgkrmqumceiet eTyed¥fr,om
a targeted ES cel cus u S

HanHl /Bgl Il fr agrrgnﬁ so éfé% %ggaé%ﬁggorblg‘%l %%Faphag%%econ%l gﬁ%u eaSth
the fragment usedskequenaes~ hdinsikap fort HACt angs i agevaces . taheopfagment

increased in sizejh eq;hf‘fB&hé'v&dzterwsékeeﬁgéltﬁﬁeﬂhkmaﬁaaﬂseé “Rs
| ost |nthetarget|n%<§nasmd due to,the joinin BanHl

site in the |igatt8¥ Pr sihFerprially e“'l‘%%’?e@? nmt'ﬁe“c‘ﬁ?‘ﬁf Fﬁg RP&Sse

gene is introduceghienhest-gbhoher gebethémwaisd Enothe ﬁ@ieertéysl h&nSeobmber n

o ny three d foFARPaA: GRLYAG BPEEHPD.OT ARsHe Broientrs S yERY bR °

whi ch carried thebecomededntegxiated fitolthd moustapenote CK Thieghthteyuated

Targeting Result &Qa@%‘lbﬁm ranges from more than about 90% of the original
yeast "genome to less than about 10% .

In a preferred embodiment, efficient production of
transgenic non-human hosts is provided using a process
which integrates large, at least 100 kb, xenogeneic DNA
fragments, in substantially intact form, into a host



0 3 APR Z003 -52 Construct Nunber Screened by Sout her nNunber of Confirmed

Targeted Cl ones C one Designhation Frequency of PR 20

Tar geti ngpK. (TKI O. gK/ Neo) 442625. b9111 22pK. DTt " I ' t & O. g/ Neo) 4296%4“ 68 % pilpK
. DT(1' KI O SK/ Neo) DT1716531117 Further ad2alysis of genom ¢ DNA produced from

4 of the positive clones (clones 625, 604, 611 and 653) after being thawed

arid expanded, re- %ﬁﬁfrybﬁ‘i@ é@&mmﬁ}é)' %lelqbéﬁrﬁ/é’éﬁ%ed@ (%Yﬁwd prARe,
a l1l.7 kb H ndlll/Bgl ment | C anned t he J, % qQn of he Kappa
| ocus, the correct 1Pﬁl~’€§‘|“é€’r‘6’h °§af—f‘%r’ff? nedEcREY ‘f% fdFde UsaFBf"QéfFFing

gt thte 5]‘; teﬂd of the tf@eqehl e \&@]SES Jélmts,wuﬁhngehbtsdswmf ;i'mhdéts?mtﬁﬁﬁm
igest o e genom c r,agnen e r,omthe

unnodi fied all el e. cPﬁtEth P[QEF C&rﬂé"an%ﬂﬂa%%? @&gt AR & Retectablee
wz;]ms ogser vEd as a kagkeét, aindde dorditducis adlowiagnter Ebntkgsateonnofhthe
t hym di ne ki nase g n e _ho oy, kof.e [ (Houre 11

vitro exci sxon_of §R§ Qwoﬁgbfiﬁlf‘?% {:ggc}rdg E ?égés%ﬁn (?rsde%r %tl %‘??%@?
the desired del etion bymamectmﬁ)g’ommﬁme@@ iy £9 swrkls cel ES
from clone 653 wer&e pjatEbnarl EE%&QMCS 13t Sy AR tﬂﬁtqj the c?]eﬁ%xﬂtQGar

cells/10 cmdish in the presence of ancycl ovir 418

~g/m) . After grdwWen FSlestes Byineane §§Sn'6%r’6Frbd’(thi‘Eﬁ‘d® ‘-B}%?ésn%\kre

pi cked as descri begh ~~ehé@VeEs Nt @e 2¥: wel IF@fateﬁaﬂpdegroweunﬁ pd=hkithine
sel ection alone. After .an @ddltlg}r 5-8 days i’r‘%Of t he ceI s |ndeach

wel | were frozen FRPIRRCY Prehenas AR gamsme as a
previously descri betkkdr iAAPRT deﬁicﬂénanmm-rem ol 1del e'toedpEsdmiirSg

Southern anal ysi S afihary fr%% 8:‘&%:98:‘&8 sBé‘gwlce(yl%e,sg%g_er transformatiorn,
the cells may be plated onto a feeder layer in an

appropriate medium, e.g. fetal bovine serum enhanced DMEM.
The ES cell may have a single targeted locus
(heterozygous), or may be manipulated by the process of
homogenotization to have both loci targeted (homozygous).
The process of homogenotization (formation of homozygotes)
uses selective pressure to grow out those cells which have
the gene targeting event on both chromosomes. Cells
containing the two targeted alleles may be detected by
employing a selective medium and after sufficient time
for colonies to grow, colonies may be picked and analyzed
for the occurrence of integration or homologous
recombination. As described previously,. the PCR may be
used, with primers within or outside of the construct
sequence, but at the target locus.

Those colonies which show homologous recombination
may then be used for embryo manipulation and blastocyst
injection. The selected ES cells are then introduced into
embryos, by microinjection or other means, into the
appropriate host. For example, murine blastocyts may bhe
obtained from female animals by flushing the uterus 3.5
days after ovulation. The modified ES cells are then
trypsinized and at least 1 and up to 15 cells may be
injected into the blastocoel of the blastocyst. After



genom ¢ DNA from each sanple. Using as a probe the 0.8 0 3 APR 2003 -53
kb EcoRl fragnment used as the ADH in the targeting vectors, as 12.7 kb
fragment was detected fromhe native ES cell locus, while a I(fi@gAPRlEﬂ@ kb
fragnent was detected fromthe constant region-targeted ES cell |ocus
(Figure 11) using DNA fromclone 653. The-fragnent increased in size
because of the insertion of the tk gene, the ADFi, and the neo gene into
the 12.7 kb BanH fra nt. There wa I e mHl sit r
the 3~ end of the hBnggh%r."lﬁ?ngeﬂﬁi ?r %%d?ﬁ]e% %(I:%%ns afbe(:‘g"{%npégl gt%ﬁe
cells, a 5.5 kb frhtashocyatsdetrectethinedn tthearbdikeednkobarni nfamlemdoﬁ
to the i2.7 kb fralg gﬁaﬁe%mfegm angel edmallled Braveaedds s rom he
e

anal ysis of the r ction romthis screen by Southern anal SIS
cl ones produced frwaslliglwll‘-i'@l'c]é}lé“ﬁf“‘étléd ¢anorke . angdyyed oﬁ@rceﬂlle

line (clone 653B) NpEeséleaiosf tRE YA Gh &akliresohdeid Heandad giel'eiH Giefct he
J and constant regjons. Further analysis, of nom q11SI\IAmo%];oduc d fromcl one

653B after being tHaMRERMhAR t?’bafco‘fﬁ Lyed =g Re%hhs.
Usi ng the 0.8 kb Hoodi cirrags“mmce,tFquelﬁtamrthmsloﬁmdmﬁ andthedmaroineeY .
restriction digest houl.d f eC|s &gion on i he
5~ and 3' ends of I'ts’:éef’g g ve &H_Ieﬁ]eﬂ'g: lcjisﬂ}neh1 8I§1$ prg‘nmeg!'l]t% ]%Irlgd'f
di gest of the gen(ﬂnma[l\lﬂcénwpmﬁeaugenetsééléVORBGQBger&dZH@Mtflfqaaglmu
was det ect-ed fromdgidy hiyetapmd mm% g@%ermth k8fle 2t o1 €65 cdEL €35, @ in

addi tional 4.9 kb'fragment wdas observed fromthe targeted alléele onl
(Figure 11). This %@%BhPFéb‘?W°P~fr\ﬁa!StPﬁé’%%’sePH5¥°HéFe’%¥%‘H SRYYE -t he

1.2 kb BanHi/Bgl | irHer peeeahcused tHeirtsgdnatdds YA WA:ﬁh@é&ilé HEs O Hpatd
Bgl Il digest revealed a kb, fyagnent in b fragnment

ddi %I OBy 5
From t he-unmodi 11 & endenar a5 ¥igh pha fyEed: ing SshiRaFsf, B B e
0.8 kb EcaRl f ragmratlua]t@dedoa éerlﬁlkbeftmqmiséxcmndfothetm cel D dieh

and nodified alle 3.

(Figure 11). The %93 ’E‘g@’rﬁ% Fbwasg’glqu gfht ect eg: go%kécfé‘ge%nd‘g%h
and an addi ti onal C57BLF6X mmeoogmmw klbozﬁtagm berhbrsds ‘kbtlBgmn-
fragment and the %nﬁm&blé%sééamewﬁmcﬁw&lmé&@ﬂcan&; \éé

the predicted restriction map f preci'se excision step whi ch b

of DNA were del et 8Y] FOIMAGAF tWéa'S CagTEn thee YAk é@né’-hedﬁ%i %ﬂ’émcﬁﬁ}léf

the ADH. G Gener atreprqtherﬁﬁame &bénehetetbeygonedi fﬂcﬂ:d HHel gehltic
contributed to the qgernii eat hfre after ectlonlntot &
CS78L1 63 bl ast ooy BPALETRatEeR aPp, biemARtar fEba RePERRRER RECEEDY tha

whi ch only the kappe lmomszmusefgmortﬁmsnd@eefnqdlé:u@tmdsbybﬂgrrbragsmsttmg

reconbi nation witpput gAY ggggh vg. «;‘tgtg.ractwq:roe t'i@e _ and
chinmeric animals were pro uce S escrl above Cells
fromthe targeted ES c8he nethodofpthe inventinn I§°F'hJen '@b‘ﬂét%ﬁnﬂ-aa‘ﬁe J
regi ons were del ekéﬂoééﬁeﬂzso oRT Oéabﬂéhég anthtd)i MBI i GHUHEASh a7 Rost,
produced as descri bed above. Chineric rﬁ'e c~.~~ identified by chi U’EI’I ¢
coat col or. Gern PREtiFRAFL¥sidn rode ABd: RewRELY o | Mux, cfiBdmal,

SSi ~$C _~ by theppgeidiés oft sitdisie Gintidiaatlicr b¥pthadmMNEXAddfes/in the
inserted DNA are found to be functional and the resulting
chimeric hosts are able to provide ' for germline

" transmission of the integrated DNA. After breeding of
the chimeric host, transgenic heterozygous hosts are
produced and are mated to produce a homozygous animal that
may be used for a wide variety of purposes, including
pfoducéibn of products, such as binding proteins, for
example immunoglobulins, for screening of various drugs,
for gene therapy, for example to complement for recessive
genetic disorders, to study various diseases, to study



Cl oning of Human Heavy Chain Locus using Yeast Artificial Chronoso
Production of Yeast Artificial Chronosone |IYAC, containing hunﬁr‘fh@ﬂﬂ%
chain An Spel fragnent, spanning the human heavy chain VH6D-J-C, C-CS region
(Berman et al. (1988), EMBO J. 7: 727_ 738; see Figure 15) is isolated from
a human YAC library (Hurke, et al., ScLefmce, 236: 806-812) using DNA probes
descri bed by Berman et al. (1988) EMBO J. 7:727-738. One clone is obtained
which is estimtedpdd MWK 408 KBguTheibsobat pdo¥A; RhPpedi Sarge DNA
characterized by puI sed-field gel electrophoresis (Burke et al., supra;
Brownstein et al.fra8gm&fte- 244: 1348- 1351y, using radi ol abel | ed probes for
t he human heavy chai n (Iﬂ’fermfble.tovalnq examples Ard ANRISDO3 - Bray of

I nt roduction of YAC,cl | nt o I ecul ar wei ght
DNA is prepared i ﬁg&% rgse lrﬂrh ﬁér?;be‘gs‘f;feﬁe %‘(‘)H{ al n| ng the YAC of

interest (i . e. , a YAC containing the af orerrentloned Spel fragment from
the 1gH locus). The DNA is size-fracti fafCHEF gel apparatus and
the YAC band is cut out of the low neltTn ol Nt _agarose gel. The gel
fragment is equilibrated with polyam nes&%ﬁl‘@e@ melted and treated with
agarase to digest the agarose. The pol yam ne-coated DNA i s then injected
into the mal e proaucl_eus of
surgi cal | y i ntrodaceeiS e F Bretrer s :
dlescrlb Ped a]lgove iheclzbﬁaﬁ:rge:m@m g@ed)ftathmmgggd qrmm%wﬁaimmgg

sl ot ot of DNA isola m nd t pro ctian o uman

chain is analyzed by o tgr% ’g% é\ %‘Jﬁg f Mﬁngn%hﬁeg?Pﬁaeg?X%r
the presence of Ighabai «Elsqmels raabbmlanklnmmm:ueimasbpchsascldmecanfrom a

alternative to m S I S
by ES cell: yeast§pro u5| on rgjae\?‘grﬂ{lgﬂt1 ! It&%i %?ngu er{ge'\gﬁ?ggg
Acad. Sci. , USA deseri 9@ sgoﬁakpmmsa& a119 1), deature 2901 $§2~565.
5109- 511 3) . Fi rstpnidemaamamt nruaﬁ)l tsaﬂﬁeeﬁea@ ity EpbRENa® EEtb'BFﬂ'U@IQ

ot her manmal i an sel ecta I ast sel ectabl e mar re
inserted into noRlATHt af ’?’R@ \7ec r2 ?eéﬁ%r‘é?é’@“ﬁ{‘ta stonda ’d‘mﬁ'ni e d4dJ
construct is usedydrfed/ at@f@emaeaenytxabrasaaromi@e@tr@ttm[btgj‘wé@ﬁ séad
pMCl Neo (or ot her .sel ect IS i qr.at tor uences
of the I1gH YAC t}gzl Ousg?'eg'gr% erP[ )Qhoel #ﬁbcﬁ] C‘f%m-t
transferred into aamdfﬁnweiﬂ-zbqspsbanpéagenéuérme(xTbxavﬁue Hexpes (sljgﬁsn)ex

Pachnis et al. senopgm a5 et| InGaL8- st(ﬁgb E?)c? 4% eéghblél ng

anot her sel ect abI e cont ai e I nta sequences
are used to generpdtlé’Q}\Pﬂ n%ﬁhénﬁf‘—é'e isp %%‘P%‘E‘F@e?’iomaPHG#Nﬁped alss and

t ransf ect ed, forc@p@m& . dd Nof eehilgnsar, sad<s1d) Phasofrtge REi 86t dMNA
transfer, into ES Cedded ongo tﬁEg ggggmegg to JgﬂJEQQ the BamHI end into
a Scal end and the resulting fragment is joined to the
XhoI-Scal pmD6J to form the inactivation vector
(pmD&J.Neo) in which the 5/ to 3/ orientation of the
neomycin and the heavy chain promoters is identical. This
plasmid is 1linearized by Ndel dig'estion before
" transfection to ES cells. The sequences driving the
homologous recombination event are 3 kb and 0.5 kb
fragments, located 5’ and 3’ to the neomycin gene,

respectively.

B. Culturing, Electroporation and Selection of ES Cells
The ES cell line E14TG2a (Hooper et al. (1987),

Nature, 326:292-295) is cultured on mitomycin treated
primary embryonic fibroblast-feeder layers essentially



I ntroduction of Human Ig Genes into Mce A Coning of Human la Genes in
Yeast 1. ldentification and characterization of a human I _gH YAC cl one
containinct Vii, D) JH ru and delta sequences: PCR priners fdj 3t ABRhZéfEn
VH6 gene (V6A= 5 GCA GAG CCT GCT GAA TTC TGG CTG 3' and V6B= 5" GIA ATA
CAC AGC CGTI GTC CTG G 3') were used to screen DNA pools fromthe Washi ngton
University human YAC |ibrary (Washi ngt 0n3JLJn| versity, St. Louis, M.

Posi tive pools wEre subseguent scr ene y _col brjidizatio one
positive microtit®f ?%?599\% I{ 'eT%aS’il dg%?ﬁl di—’ém—&%ﬁﬁe%” .
sized (205 kb and4@aphéah) \&:Brzb-m&) ni ngTYIACsewerxeomscml dtidrdhlaatshe are
mcrotiter well d BEoRIE T/ O chlifeb i il iac
A287-C10 (205 kb)w‘%@%f ‘gI Yo obe P (4 Eebate T ta,

or the follow ng sequences:
mu, JH D, VH, A&, t@nle/HxIaysheemlw Uftthheatmleghomﬂewom?fmoa(zw

kb), hybri di zed tr@bél%‘:csiﬁ'ﬂ% r%oé%%sl@ ke adbl (1@86\5H1:PLM|§2833'9@6‘§14

but not to nmu. The cont ai ned uences from.at | east enes
i ncl uding two VH® Yfetes, 'Wée%‘FIZC \REE afaPah eviRf gEHBWtﬂna’rg’}
restriction di gedontaidiicnt ed18hatElidetrapbribidif\Condditaons &r@lelleeblrd.m:ed

(about 20 kb siz t v s Ut'o—g'téi-egg?ra%t—g—ng)w I t
with the renai nd?ry O@%Iq%se &1 g??ﬁg EX e B ngg Pr? Eé
configuration. PE% mrllbetare eurypsmicedonrasgesenMI imi Subturhen@diakb
YAC demonstral ed g BofReRtsatlictebe akid! e e@eae;}s bealled ERTRALS:
The 215 kb YAC appeared to contain onpl et e nyj ne cluster

had a del eti on (P¥efence Rﬁ)thméiﬁrﬂmédok‘h(@qwtgéﬁé atl'ﬁl @ﬂ!@ﬁétr@ﬁlQOes
not appear to afogCiahiteid Rid ¥Sk@it ekﬁébfmsmewsnhm St l&ﬁhwséaoﬁla' and

nu genes. The putative progenitor of bove tuo rel ate
oF Shout 2280 250 yolkdEs B ey SHLER o SRR LERINR BE DI GRRI0 (RE SAD
gene and the del fauganeptShan withlan éu%hrmrh&)lohseelflwrmmﬂﬁienbaﬂ not

b fied |
an oarliér al| quilio o OEyoET0eREAPRr; A0 Rt Ene

order to search pdaatedeoqnt@gamcmyIC1m®randed filrddastst inmatham dishas
I d f
o aked oo pasngI P %J Behtcll %ﬁ/ %"Iﬁlﬁfégg‘? Cﬁ‘/%?ﬁgéat IE%%r]TéI?O cf\‘\%nes

streaked out (W ton"Universit
anal yzed cont ai néBM 236“1251?@%?’3@ Wikl 160 ERER L Bassins seyum (EBE) eandAC,

Cone 1 containeg, unmﬁddl-hb%abheeltaﬁnMC @ﬁeaﬁeapwi@t@ém@é@d kig Vg and
clone 3 in additi on cont.ai ned %p,prox t el % YAC., The T OégH YAC
b%sed 8 déa

cont ai ned' mu, t hatE8hpled&S MW B&f?PIFaéIPéé‘gt 200 1 HENbW)
and JH. The IgH &4f8fromclone 1 was phyS| cally separated fromthe

unrel ated YAC by nei ot .C segregation i ss be n ClO/ 80 and
YPH857 (genotype = MAg ad‘g> (%‘s ura3r??lllﬁull—ﬁ’85 W‘ihl S aI eu2 c%l-%g

yi el d A287-Cl10 (eBeckbpphpPagisn( hase gmmememtmva:aadezouiauzcalpubnamss
ura3 triil cant gigdeede BRAGHAGRR! ibend2Bdn Cl0ukDeYAE Wgdh PomRER! i an

sel ect abl e mar ker HPRT: A YAC rig armtar ?etl ng vector ca

(15.6 kb) was g&@i%ﬂ%dlﬁy%ﬂné“a"ﬁbﬁaﬁ pbRs Ailrrgdye sesded felthn a

6.1 kb BanHl frasﬁeaﬁ éBﬁl-drahtah feE’ﬁ@ﬁ Matls, Aca«ﬂhes%tnéISA halves,
*87: 4299- 4303 (1990 o+t he B ite in thq goly lnke

(Her manson et a-°° I éPchE’ e?eér’ch’rfg £35S 1%1"“}9%’6& ure
of A287C10/ ABlssmmt@antmm Iapﬂm:ﬁ&(hﬁdlyi gHsmCoafnuBsnaua el ezle ¥ AC

was transfornmed %é%éxﬁ@%ﬁ#ég (I_,é{ﬂ' Ri]ﬁ #(Sbg s nsf {:%oﬂ@rforseﬁ@ﬁt ed.

The Lys+ cl ones Were scr |on € presence of
mu. One-cl one mammnsuwmmm&w r&@ldass:mgm (Mtlnoﬁn‘&pﬁnm:maﬁel y

245 kb whi ch hybg4 dt S U, 2 gégqt hern @@@J_,_ym S
of the 230 kb A2{<}7 Clg YA%ue%rgggt eg@:&d déPSRT %a%(sjalggﬁr |Be out using a

variety of probdielletbngnsthat ESt H’@lllﬁtéé?te rmpéaﬁnsﬁeedm& utle f FBE
cl oned, human | gihe@uenyded by tREtaddteion bitess QAUbESHY tBagkbh tubed APR
2003 -58 DNAses are inactivated by heating each tube at 95°C for

10 min. After treatment with proteinase K at 55°C for

30 min, 30 ul of each lysate is transferred to a tube

containing 20 pl of a reaction mixture including PCR



Hindl Il and EcoRl digests were conpared to restriction data for W38 (a
human enbryonic fetal |lung-derived cell line) , the 205 kb .and 215 kb

‘del etion-derivatives of A287C10 and to published val ues. The BidvAPRi ?803 D)
gene profile determ ned by hybridization with a D region probe (0.45
Neol / Pst1 fragnment; Berman et al., 1988p-denonstrated the expected four D
gene segnents (Dl -D4 (Siebenlist et al., 1981; Nature 294:631-635). For
exanple, with BanHl, four restriction fragments, 3.8 kb, 4.5.kb, 6.9 kb and
7.8 kb, were obsePV&fern hoBmMLaS &ﬁ&hW§gmeW3:8Uf%fd%PQdd’“ﬁrm' 1&%ger

band, presunmed topEsDyi Agde qurg t heacthr atosae §. D5 TRy POR ( Mxpbawda ot
al ., 1988, EMBO 7:1047/- 10%%) and, % % n %nal |§ V\A{:E Qs d
fam | y-specific pﬂ'%?%s ﬁYS 88 Uehd %ﬁ ?ﬁy % 2¥8*Rp©> seconds

del eti on-deri vat i meltYARL (9R2PChangppaat@dmin haneahnngnaadt ePtengion Wi t he

same restriction tt nasth 30 YAQ) pr ers

of each of the fo ?ovmg'ﬁg D geng‘h%am' msﬁﬁl)j\’}ﬂ&l, %ﬁ?@%ﬁé“%‘gﬁéiﬁ?&rhe
J-nmu intronic enmcamwmmwdw@wwmwmtmm

the A287-Cl0 230 kbrélpémd Y tol ACregeohCrs6Cha sl QGGoéCIP

and EnBl = 5" CCT CIC %Dand determ ned to be intact

gener at ed si ngl e ?‘&‘f‘h%‘?‘i‘%‘h “?f’ agh%n'? PYCLh (FHE AR ?e‘ih%nﬁﬁﬁd%?é&egl zes
with BanHl, EcoRlimnghé&l midhlsle vxhﬂvyprabeﬁmvxgtahet, ha 1480 bys&ER3pr agtictheThe

JH regi on was eval uat with appr BarrHI/ ndl 11_fragpent
probe spanni ng DIW%‘FOD’T heSJe ire rrgélle tc’he%‘lf_%a?'.‘ B881, 18el |

27:583-591). A28k]@;lcﬂ:mmsmﬂ pesagamsergélsagnn@nttranfsfamme@(tnranpllynt he
expect ed si zes. SaZéc#]ae - Si z ﬂ1£&§§fh%' Qofbre%?%‘%? Jeng_
ancer h

detected with the en probe ~~tave , supra;
Shin-et al . , 19®bellgst Sragment afpeleiHk &p Xbe Ik Sreament)pff thgn@n€
detected in A287- Ad W38 also hybridized to a 0.9 kb mu probe sequence
(Ravetch et al. , s' upra) . Hybridization with the 0.9 kb EcoRl fragnent
mu probe (Ravetch et al., su ra) showed restriction fragnents of
approximately the expected 0 3 APR 2GAM3¥ Ji;zes (Ravetch et al., supra;
Shin et al., sura > 12 kb HanH (approximately 17 kb expected) ; 0.9 kb
EcoRl (0.9 kb expected) and apprOX| nately 12 kb H| ndI II (apprOX| nately 11
kb expected). elehd loRset] ;

and DHQ2 regi ons wer e sequenced from Bqt% %eifg deI et| on derivative YACs
and both_were in gernine confl guratl S anaI yzed vmth an exon 1
PCR product (confaigongtrhcta : 1Y

DI+ 5 CAA AGS ATA AGA BOE GG ford tPuBuer A@Gm?%@i@ e Gl hd

3'); restriction fragnents for A287-Cl0 were cl'ose to thosé expected, from
the literature (&RPHDEglgpPulin peayyarhatd vh&ed @t&erﬂeﬁe(?%rflﬁ%m'!he

3" cloning site Qéqhbﬁcbfé(; Byned tivor i ASBAEBY woise Semdlydeldendien et

al. , supra) or anpther RJ site further r obes for V VH4
and VH6 (Her man Z%BEFW §ﬂ ’a‘?se%%‘i AR ?% aklgﬂdghlw T ’rgesﬁ%ﬁ*ﬁ? oc
Nat. Acad. Sci. kKbAI8land 9fiaelO8rowedeletsed dr ab@hm:ate Bhekbarfirdygmeemene

redi cted sives CORHALR(ng) En8ORLAL"S, HURetl t o087 RIGuRE, AL D M0l e
restriction anal ¥siskbi Khoﬂhaamﬂieﬁr@qwnts Q&uatéﬂogéi tt@et Iﬁnéﬁpe%ﬂ'@l:

fragnent sies; e Rathe gpgn Z,],St gé_?@é:ted
are 3.4 and 7.2 ﬁg t&‘iﬁfﬂn&%ej gfﬂeéfﬁ%l coRI ??ggﬁeﬁs for "VH4 éﬁﬁeﬂﬂ‘e
d)

observed, 5.1 kbsgmaéexemr%&hm@dwe knasg genss 4H¥gLk) preme
(Shin eg al ., E Rlay?wat éfiHaneér akas ifuma):ewe&feomr pmeﬂgem (&&ﬂahd 5%%%&— he
expected size Ec r s r . serye

expect ed), but tﬁ@%ﬁﬁﬁﬁﬁﬂ#ﬁno@aﬁ]’f r%m\sgﬁss- e dlﬁ"f agnedit WRke
predi cted. Coi ncinsettégbriintioz athenXhbIt-NaeBanddletetl HpdH| Ito f fagmertise w t h
a pBR322~probe s h th he
VH2 gene (Shin e(#gg?éiggu%rgg) o%se(ﬂ%g&?’ r%%gnl ﬁgbg?F eﬁ)r{usﬁél # rtﬁq%glt %\%ét he
natural 5' H ndltras$ceiphiomahidrisintad.icthefoviee aldomyicin ahdt be Weavyisert
(ost i mt o0 {0 becapphaydEl oy R0ckh: 1 #518loshid de Pl Aty Sy

for an intact, unrearranged segnment ~0 startin

end of the 3' mﬁ@ex/HngGﬁélQﬁd b&?loé'ﬁdl’ﬂ@a'!%f%tEE%RFosﬁse geldys.t hélhel t a
| ocus (Shin et adequéh@éd)dri¥rirdgeRe hbRalbgBusnEeshah BriibAddvant aird oK
YACs containing CK and VK sequences: Two YACs were identified in a screen
of pulsed-field gel (PFG pools fromthe Washi ngton University (St. Louis,
MO) human YAC library with a probe fromthe human kappa constant region
(CK) gene (2.5 kb EcoRl fragment ATCC No. 59173, Parklawn Dr. , Rockville,
MD) . The YACs, designated A80-C7 (170 kb) and A276-F2 (320 kb), contain

t he kappa deI et| ng. eI enment cde CK JK and the CJ |ntron| C enhancer and

. — . N7 AN~ o o .




0 3 APR 2003 -m (Lorenz et al., Mlec. Imunol. 25:479-484 (1988)). PCR
anal ysis of both IgK YACs as well as human genomic DNA for th éo)\é V\édﬁS:K
kappa | ocus sequences reveal ed the predicted band sizes: Kde (Zl}l 0 8 :
(304 bp), CGJ intronic enhancer (455 bp), JK1-5 (1204 bp), H3 VK (123 bp)
and Bl VK pseudogene (214 bp). Sequences used to design PCR priners for the
CK, JK and G J enhancer regions are froegdvhitehurst et al., Nucl. Acids.
Res. 20:4929-4930 (1992) ; Kde is from Kl obeck and Zachau, Nucl. Acids.
Res. 14:4591- 4603 a886)2. 8Bkh arid apodtoldedk kit fakgmenNts|,. 1acatied Besand
13: 6515- 6529 (1985),, z Jya. B I nt roducti on
of 680 kb yHPRT Y?C |‘ﬁ{1g:}%éd(§et1“{yr&? %ﬁ]ur% c?aéC:ytl—}IS;‘:F\E’LT!L yeast strain and
preparation of yeast s~hero~lasts The 680 kb yHPRT is a YAC containing a

functi Ional LSoPY ofg, L E%IFUEHQhYQPéaEi-Bp' Beaphesphokd @gdt{mﬁfﬁ g8ecLiiPRT)
ene cloned froma i b a et .al .,

Cononi cs ©: 742-750. Thgh;?e-‘&ét #iiﬂec‘g’n‘{gﬁe‘%ﬁ ,48 Eﬁ #Mf"\k&én&so%9 8,
uracil and tryptopnas dedA ci est 8bBguBa3Apdivas asullesced bed infitdmytcedn et

I 1991 r [ It [ f
geasg con% a?ﬁ?ng yg%ﬁ%% gpg&g’ﬁ&gﬁééﬁgiéﬁggﬁ ﬁé@pggéﬁéreﬁ?gg&@s %‘gﬁgB%ée
with water and ond¥ollelw &nd stwithigs Th889basf‘_ﬁél |TGA Wal6 18332 p8938Y. i n
SPEM (1 M sor bi togs 201 1M oLl WRIORPHALE, Ridshsperldd ?Ef\nﬁﬁkge ( Sem\"

~-mer capt oet hanol) at a concentration of 5 X 10~ east

20T was added at Z-88iceA¥r B BaCds BsBM-EGAm 20 yS&EtlzceQ-I% m‘é%ﬁzﬁﬁ’@u

culture was incubﬁleﬁnahszl t7 |1)9(E%.CE é@ﬁceﬁtfétwﬁeoﬁpbﬁmpln@fténd
(usual ly for 15-20 mnutesé el were washed twice in C (1
atﬁ@ rﬁM‘cﬁi

sorbitol, 10 mM TRLEChFPRO &) PER§ePseusPEnit Pﬁ/Eﬁ‘C af athe
concentration of hﬁea:rwadnh,nactil\&% 2088tar.Cul Eueetebpbt4tRda Gams

Cel | s HPRT- negati ve_ES eII E147T ured as ous

descri bed. 3. gFus?%’ﬁ {ﬁ ]1%31 5né %gcsl}:@%b%ero]tsﬁ n%xg%he%?ig‘f’l‘?‘d
growi ng E14TQ2a BEeeiF sapacitancen gunLaf ﬁrieGd;appqrdtethe;seM@r wereygmsamaed
and washed three e[?\/?\{l I f

spher opl asts was ‘I’;‘i‘iﬁ?‘l‘}mé“%éﬁ Ilagégre\%iq-’t f(f%bééé‘%t rlR Wél C vvere s un
down onto the yeakhe pmqseancerwé PyAbeReg’ ferrdifiad Faglepsmpdia r(m'f@l)m
of either 50% pols\@élkwérﬁ'éﬁtaayﬁﬁth(fgﬁ) £4829 BHVIAY BEGuA0QR4( Boar mies -

Mannhei m) contai ni n 0 mM CaCl 2 After 1.5 m nutes incubation at roam

temperature or at® tapthangl or Jile ReHERS: &eRIGGE%| 2 Pr afteme
cells were | ef t ~adldIBpSIPEIeM Uirethomedd ariduitesiniiie zebl g wme damen

pel |l eted and res 10, S cell pr eviously
described) and we 4214; Iéetsé]osqba}ﬁtor%%ecﬂ O pF%?gElébﬁgeg%\?Ft Bert et s.
After 24 hours tmaymdatﬂhemsleeprapeuatnbh fwegsh prisckedn wfbht;irawghtodmurs
post - f usi on, cgagﬁglﬁ%,a i DRG i

am nopt erin, 1.6x1 nPg?Qé %e ctalﬁég \7/61&%Iﬂt’lyrrposetckiﬁ %y‘éey stant

col oni es were obd@agtdon 10(RR)s postﬁafltfs &f i #acdhe pisked f cORABVL h Ware

di fferent fusion tqaulfdratd Us€dany HRBIvEduaIEREDL foisi anaoheme?l\u&r@

e N RS T I E TR I AR
The other halves, combined in pools of four, were
transferred to Eppendorf tubes containiné 0.3 ml of PBS
and cell lysates were prepared for PCR analysis as
described by Joyner et al (1989) Nature, 338:153-155.
The PCR reaction included 5-20 pl of the cell lysate, 1
UM of each primer, 1.5 U of Tag polymerase and 200 uM of
dNTPs. The PCR amplification employed 45 cycles using
a thermal cycler (Perkin-Elmer Cetus), with 1 min. melt
at 94°Cc, 2 min. annealing at 55°C, and 3 min. extension
at 72°cC. The two priming oligonucleotides are
ACGGTATCGCCGCTCCCGAT and AGTCACTGTAAAGACTTCGGGTA, which



Cl ones DNA extracted form 23 yHPRT-ES fusion col onies was digested with
Hi ndl Il and subjected to Southern blot analysis (Figure 12) using the
probes: a hunman repetitive Al u sequence (A) ; pBR322-specif is B%qA(PRCQMB,
for the right (B) and left (C) YAC vector arnms; yeast Ty repetitive
sequence (D) : yeast single copy gene L¥$2 (E) . The human HPRT probe, a 1.
6 kb full length cDNA (Jolly et al. , Proc. 0 3 APR 2003 -63 Natl. Acad.
Sci. USA 80: 477- 48¢ofr88pbhdnvpespaetivelgary abouthe pibasescs’ off the BamHD

HPRT gene in ESY clgnes . e Alu prohe a_3Q0, by n m
the BLURS Al u el enBALSi ﬂfpgg&ﬂef’}ggggﬁ g%’ﬁ%l,. ,agar %_uﬁéﬁk%@%@%@é@
78: 1300- 1304 (1996h the mMbeseilydavyrcha bt tgenes @rboa)rtmlﬁroob@eﬁ/eﬂé of the
PBR322- derived Ban,z B }od-of@nd gugcé@sfdf‘?@ﬁaiéngoﬁE%:%nib‘i‘ﬁ'al’:’iown?fbes
correspond to the vector sequences in pYAC4 (sche a, b (Burke et af., Tn:
Guide to Yeast Gentifestanan bewtl ket fibhifspamentt-hodd 1h ehAM®IRACtion

Guthrie and Fink, gdgeuraCideghecrdphork2edb’ild @b %?165,4-9&&%1@
fragnent, detected b{gt he right arm probe, %E%ns t he Tregi on between the
I .

Hndl Il site at thelth efpidivn hropide and transfeprpd Fo —Yien fanhraies
Ihu][nsm igsert b(sche(meﬁé sc¥beny . kbrintetsl were( ,p:forbwmﬁh dth det’hb-tleibé)yhlédle
eft end probe corgespon the regign hetween the HndllL site.at the
tel omere end and t%%°§ﬁ'ﬁ§?{:$ 3?’9@“5%'& ﬁ%e%%%?“%egﬁﬁﬁ%%‘g, lgng-'htehén?“b%? on
spanni ng fromthe héawy| thaihe 3 aff tthe cimsevhior s$ihte fkeehdigmuriensyi,

respectivel sch b dj age | h I glazaty ensd
thege t wo bgn((js rgqc%e%smfoﬂ? ehﬁ%??ggghcggf‘%ﬂtgﬁebgﬁogﬁﬁ Wﬁglrxr.%}iog&?og%t%g\een

these fragnents amelle, fligrsteagavifh gestriehian qnaymasRs aaormendad et
al., in Gene EXpreaspgitie mant@@dturdrateaiid@taghehs Yoke s@sHtatydnasium
Hel si nki, Korhola and Vai sanen, eds., Foundation for_Bjotechnical and

I ndustrial Fer ment3H3XRERERAFch, DN MADHBrINeReyTred (58 RYdop msmaranes
fragment isol ated (gere Tgdeoah pi ahagppdbed4withi ¢hec ¥pl-d abledq edetfeaigridit 3'
Hi ndl Il fragnment of 32 due to the honol ogy between the two el enents. The
LYS2 gene probe w&S %%’é?ﬁ#—ﬂal??‘éﬁhent from pLU$, (Hermanson et al. |,
Nuc. Acids. Res. 19: 4943-4948 ( 1991) ) . Hybridization with a human HPRT
probe (full | engt b LG40y oA proped-despasisated dopinadd the cl ones

anal yzed cont ai ned™ n D_exon-contarning fragnents of the
human HPRT gene as t he IrHie YATStRepPebingnthePSRANDLYE LS @ he porded
repetitive Alu %o?.ta%“i%s?%d%e&édssﬁa%@iéwe %WEQ?ﬁa&®f%¥é@be%E@11

t he cl ones anal yzed contai ned nost, if not al-l, éhe Al'u- cont ai ni nj%
fragments present Si%e PRPUEFL gt kP )1 OB OF it POQAE L SRS ESRBLIRG 7Y 4S5t
of the clones anakpzddtdit B dbidsuimanrhaseotrhaddhoidbatncoebadeablhat
rearranged or del eted upop Lnteqgration,.into e, cell ge . rati on
of YAC vector seqﬁ@ﬁte@gﬂg’élgﬁgﬁfine? ughﬁﬁ ﬁ%%%&epebppgcwgethgggggte gr
arms. Rehybri di zatindivifdualidys dne BCRY sandt & popibbeefolonke ES3RADPSYARas
vector arm detecti oy KD Hi fr s | QI d Lkl t
of 23 of the cl orglsigglr%téfe%d, thlgeiﬁfj:'%ﬁﬁ ?% rmsupatgo t d; tGngrrg}agl\%vggﬁ%
still intact and GARiemiesngetahaedi ARecch® EREORdn@Xperd@ent yigldedog)
thus providing fuahh&tiaﬁhigsmﬁwe henest eesiiva OksehelYAksés-1 hese 10~
clones. The left arm probe detected the 3 kb and 4.1 kb H ndl Il yHPRT
fragnments in 18 .oErl"of the 20 cl ones anal yzed (Figure 12C), indicating a
hi gh frequency of | eft 13 Brdeirerio oreriihe she uthitgetednddgrupyioh gEPBERe n

ESY cl ones was further evaJuated for 1wo,glon ESY 5- -7 S|

pul sed-field gel rep riopﬁlié) eaﬁal%?&esé' Iﬁ%%aggnéairgyiar%%% %Il“\hl/eltg?ﬁs

i ragment 2 1gf kE) h((a Aivbsewf:nglmppwoinm;gsageth%PQRd@f;;ﬁ\iw clones ﬁ:prer’r)

pr obes: , , - . ,

70 and 50 kb (Al ugﬁﬁkf)a:»tdl ?lglgao,tﬂ égmcl onesl,U YEERPrﬁFgr nal ’HP‘ﬁJ’Iél‘fasrltélé(g 1%,&‘ .

Al u-speci fic fraghtpddIfeor Hikh SHach andcanalyzed pprforEagRBNABALlYRE Send

fragment s det ect edgf gesbtibedc h@iey Wiiee BURISPdtapridse in YHPRT, as

expected for YACs integrated within a m)u§§ cp;om)sorrg:y |:1L85 and 200 kb for
b™¥o

the right end fragnent TheeEgdacement ofy g6heg nsgrpon; ofyfhe
fr ag_rrgnt 1; g_r bot h?ébﬂyein mewﬁhahorﬁ@mcjm r«fau'cbi:b&hat&bu @it results
provi de additional_evi denc r .the retent e structural, iptegrity
of the YACin theiB & gﬁ’é@&ﬁﬁegga@ﬁﬂ%es 4&?-‘%@%3 e tmeéﬁﬁybf:f)ggf‘gfg nce
in-situ hybridization carried out on ESY 8-7 (Figure 13 A B) and ESY 8-6

met aphase chronosone spreads in which a singke integration site was
detected for the o




p 3 APR 2003 -65 human sequences. Photomi crographs of representative

met aphase spreads (Figure 13 A, B, O or interphase nuclei (Figure 13D)
fromESY 8-7 cells (Figure 13 A, B) hybridized with biotinyl afell ARR003
genom ¢ sequences and ESY 8-6 cells (Fi gure 13 C, D) hybridized with

bi oti nyl at ed yeast repeated DNA sequence§ “The human probe was generated

from human genomi ¢ nt d oP AI to J8ast robe
consisted of a mx %% B%A ?JL éc)#sﬁ% gﬁcgdl n Eli% ORIt repea%_ed eqlé’r?é"i\ gnt
delta (a 1.08 kb SafizBAgmeagnem e pdative e§flﬁer date Mo theMBOss. o¥ two

~83-591 (1983 5 R POPED
et al., §\Iuc AZ:. dsaﬂqgg)u&as;teé-éllgéelggela;énseﬁété}ée rDNAtsJQ%erE@%éWﬁgg

L90 and a 4.4 kb BgFEguEeL39) f r SpKHHe 'l(ém Lisd sRo&qepch c%f-ltf?s% %PP%B@lVe
#1984))t an]g tf1188Y(c16h@§Eﬁ HQhanltélégstgléCgDQaiie%;Btﬁ@k'hlwl'tl)‘ll@lgmdﬁlcatecfi
ragnents of p a ridization o

sequences on chrom)éﬂ?rg ﬁ%gg’écgﬁf’eﬁ% ﬁ\ftqg%lhgﬁ ﬁ?&t@ggbf‘df)&e“a‘?ﬂ had
detection by Avidi neé&ed@fsxtupwed, byrhireet llabamledﬁf/rdmem watteidetdcied :

56 30! 583400 (10907 EErdeAESLrbaNE, 78arERT 1; IRERELRAT ny BHASoRes thate
count er st ai ned wit lpypesentli mm botreatedheedist ati ct!ugrm shbmsaty, one
representative of 95 eﬂ'bgents C'ia?sekﬁprﬁ?é#tﬁai rlrneﬁi?ﬁ'é‘s@o ’Eﬁ%ﬁ?b

in three |ndependent experi arried out wt uman or t eas
probes. A single ' 'ihitafraated spddswaRubifcdesyensed; h@tﬂ{]ﬁﬁEYsls‘é]l}'é?%@R

The same blots werepo%m\m @eshe)y ahdt BA y@astidyal efeididme RIERL 2 kb,

to detect h DNA the ESY
Clones (Fi gure 12 B ShAe BRE Lohed 3% A TUPRHLRIOR & LA s ABsh EXRRE

nost 011: E Ee le- contpmeserg: fomagmint thprlé@léfposxtim qjazrmﬁ al s;im?&htratyr,iuthﬁ

sone o e cl ones c if_a , 0

t he Ty-cont ai ni ng F\gg’gl%eée%%q’q: e@?e‘guggﬁgs cé:thg' ?}1 nso%eéneEgéy an

cl ones, al though t hemsAOgoOns mqqutl:aglaa:u@dl ieveadt relsutltbelor andogpsaef one 3

APR 2003 - 66, genoBacOM iR d G Aitkarkth Pl S W NErddmdhie, Y8BELCLap1e
e or S €

chronbsomal DNA was mtegrate at sin e sit wthin

cel | genone, fl uor¥d&BnthenEGeRL-ReEEiRNF R dﬁ"% ise ok 8§76nbPESTNA LdRY

8-6 which had a cogph@t &hby dyipfvd Eent® §i—£@rh@nt niﬁg'tﬁte' MAtSiviee Mesuglelgeked
usi ng a conbi ned ygast repe |t| vgg%gbe (F| i,ndi cati ng _t hat

within the I'imts BEIPEECIARion ?EBSF g‘ﬁfé% |ﬁt186f9§téi‘¥|ﬁaﬁﬁe
bl ock. Using the a8iyesyioh gvecthe etpeateer gattarm of om chaltllwe and one

di ff tiat | t ff

ol ur i porer oy of LExsapPBu aiYeRlE el 8%n Hrddiaf Suslntical h i ze
di fferent anounts ¢ ybadt deeqiEsy szungr@at@dacahélss b)ltem bi%@deased
differentiation paiﬁeéﬁsaegh i RGd shapbsi €108 Ehahes! uﬁhusde# &ﬁf@i&ﬁal

formati on of enbryo 1d bodies |V|ngr|setoavar|etyo fferentiate
I

cel | types (Figur eflﬂgﬂﬁ‘-ntsﬁﬁ habPRup| ct- 4nkPysitdeasiper fRF?@ﬁF"cﬁfl DARr a
ext rA g(ig gg 12 2 8m dl) fif:&?f gateatieshétoy &eAlré’c&um&aﬁcﬁm e&eﬁg:ﬁ_zl_ﬁrESGhtaéﬂlyFPBT
in ng u pr eas uences

cl ones were i nduce 9‘?%?%@%%&%?‘&“%%. et}lxpr(tﬂi%%h‘?h‘bn t%ferﬁqg’s séb‘b‘?‘é‘fg’é‘t"es
i n suspension for ti])eﬂs wiithls aaprobecfobechdnedmytdim gedeEshavwedGehdt only
6: 467474 (1975) .. o] g e reat,t SS

ESY- deri ved errbryo b\gd?esﬁwaéfeldr |e:€e4 ?lggg??%g&n%r?:tlsét Lejle(;e%&ej#wt@p ﬁlYA%[‘and
yeast DN A-sequendébndBER @%W pacdi digestione Eﬁ-‘rﬁ@@ﬂ¢b¥ed’4€8‘m-’m@é

during 40 days of !l £l epkob808s SELEQ1EVEANBYI tHe taf§aBIAL 8LLAY ., t hat the
stably integrated foreign DNA did not inpair the pluripotency of the ES

cells (Figure 14 ' . B) . The differentiated cultures naintained a
functional human HPRIG bor v decie e Pic thbte whtwab, g;@llﬁﬂ:h.@ﬁ@

differentiation when transferred,to T- Ietlve di tion of
chimeric nice from yHPRTMVERE cefld| j Resh? ? a¥bi Pgﬁy %E%’fﬁ el I gqkson
repopul ate. m ce, iabaorhtorids, WMHMOWMMeMHw}&td)WdB@r@ﬁHMdon
of ES cells into rﬂudsﬁ Pléﬁeeﬁé’%ﬁi %q)etr%e\nﬁe%er@tfe?nales as described by

Koller, et al. 1989 (supra). ES cells were trypsinized,




p 3 APR 2003 -67 chinmeric mce. ESY cells were mcroinjected into C57BL/6J
nouse bl-astocysts, and chineric mce were generated as previously

described. Chineric nmales were mated with C57BL/6J femal es and ge@m
transm ssion was determ ned by the presence of agouti offspring. nom 2003
DNA prepared fromthe tails of the chimerp@ nmice were analyzed for the
presence of the yHPRT DNA in the nouse genone by PCR anal ysis. The presence

of the YAC | eft ar wasiedmiiqer et tsifimgshh &Ml mediini ngndl PddnEere s absuts

TTCTOGGAGCACTCTC. GGG @)l 5in SHERCHERT MAGRANGTTHECT AR ca YL e s un
derived, respectivel fr?omlt'heqﬁ%B 22 sequences and_the SUP4 gene within

y g
the YAC left vect oranigh A0 M HERES pa pf viiuct Lhako obf aF Rkl f Y8RPt fBJlected

anal ysis of the yeggitsonha Nplasyddde1aneft heathY behktbepss. PCREgR&eNII S
of tail DNA prepared frqm,18 gil ric mce genggat ed from
A fp

Y cel | Li
ESY3-1 ESY3-6 and ESPS3Nizg, WEhEe Fed%@zlﬁ?ﬁ'&cf?avﬁa's@%%d

i ndi cating the presenocaeochtéhindAforeidf ¢8IBLY 6ar ¥ DBA £ heorg @S0BL /T XhEBA

chineric mce. 6. rggigs}?oh;:%%%%fsif%%atqfesyHPRT Chineric males, with coat

col or chinerism of “30 errve romthe ESY cell lines ESY3-1 gnd
ESYS-2 were set up for Mhe ggntaibydden of tEBSarilksittn el ebfsphning. wast o

determ ne whet her GL{g4@aNGL50aTRY B?Cékhﬂﬁn%ioﬂaéfeéhé | Gohbecaehp 68! the
(sperm or oocytes) "to"the progeny of, the aninmals. Three of the chineric

p t
ESY3-1 derived mal B¥PS394F93BL/ 6domigs. are, $odifd PLackn i} (GRAPT -t hENESES
cel | ge_norr:e to tShebﬁmf f%alwém altin@fmqmenaly wds 2?%1&&%cﬁh ndran% 129/01a
respectively.' Southern ot. anal ysi s tai romthe agputi ,pups
i ndi cated the pr esﬁﬁggy%'t‘ﬁél qufqyn%ﬁgeg%ﬂ%%lfoq AF8&Sm gge ‘11‘-9’2,9“295
and 5-1, d~~ived fA¥Bnalbeld%it 3the 2agditerbocdse el yradssiee ghinkregebrom

such anal ysi s vas yodslinppleballl Guld BMLBAL Olnd NP PeBle IF LaCgh! chLne

(Figure 14 C, dendnstrating human. I'nsert was transm-t
faithful ly throughct l@awsuse @@rimermiez of fspripg 2003whéghUsthe) EShucehls

HPRT- speci fic PCR €§§IA] eth¥ed o iNAS ofi 3P *nEHRREWEAN el i
of fspring, the exp e§§|¥gg{5‘% theﬂhslr‘réngﬁgRT ggne ilf]n all at é&?i slgé}fa%n‘tg%g?gd
was detected (Fi gupentainingdagputinand ereast hairfig the transnitted YAC

LTSS by huer Sl ettt Bt i et e
was detecte reverse transc ion, ; [ : -1 and Hu
IR e laclo L o am ma
of fsprin eri vedtdr a eodogz.s S esal i
terplate ONA (i nclgated 7 b | & &et?%;heﬁ Vei 5,1 808G 0L LTl
poly (A+~ RNA and x1*”!5"F?ar<7)1a'5xl |df Pgaﬁz% g# specitic 30%5& sequences vvelr’}z in
perfornmed using thelbéd @pdich Kan e dentuigisd bySgeuthernapddt fanmlysis of
a 626 by fragment f¢ %A]Wiﬁ% fg,eq?{:?iigg presence of nurine HPRT cDNA

was performed as outline ey su_ra. Inte%rity of all, RNA

a ’
sanpl es was denonst r at hyWiptRegNed | Bt Fahl ot 1RBNESe PO/t IFRTRIINY one
~y-interferon recagi¥feted hdivy Ritiaits el Il &)THldd Yind et DVidtAQEML pes €:
GTATGTGGAGCATAACCGCGA nd ,CAGGITTT CEAAQSTGF;’]‘ The human, HPRT and t he
interferon recept &olﬁ?r%a?qﬁé?yé%si o8 45| Phi The SYHE THIE BIRT (oL g
obt ai ni ng PCR pr odaltinsefasom gewonckimbidicofienailaa) i 208-PCRnor dideids, wapen
anal yzed by electr Iy 1 | j_z€ 1 i di ) T ize
mar kers are 1 kb |%§§?E§E?&%iéf %‘gédlﬂzltegs'&Egéaégt%ﬁf;%lfg?;m;&ii&
7-interferon rece@tvranRNAgquenfy- RER 100% handaidites akesdeteruinedy dyarthe
shown in Figure 1 ifd hlgﬁ}‘ﬁ_{Pﬁﬁ MR M t i e
ot her tissues tes?%fc(ugﬁa?%?%d&ﬁely an elar '),%r |_veﬁ ?&c}rﬁrﬁ- irr%uésg
Conpar abl e st eady P¥fatfromheterpzygede aRESREREE LPRIcARRE fde REASRRER
in the liver of ymt@%&%éﬂédthEWYChﬁhﬁﬁeiﬁ egddicibndisalond hedtive
upt ake of as rruchr?gfh 113"n;ega% asei_;s ‘%In east genom ¢ DNA§Wa€ ‘S’Ot detri ment al
to proper devel opfEme+Serhiq % r i AEPY REYETHY *PpTEESr on. The above
results denopnstrate thaticeedsdnephpsupl fist stheemahatibacwere oltiadred doy

the deli very of a i%miizrlaqlcei\:o%%%%g mQ:I% ARR #AR2125Rice which were identified
as JH-deletéd (6Jy) heterozygotes. Offspring of these



| arge nol ecul ar wei ght DNA fragnment into ES cells and that such nol ecul es
are stably and functional ¢ transmtted through the nouse ~germine. The
Alu profiles, conplenented by PFGE anal ysis and in situ hybridization for
sone of the ES clones, strongly argue that the majority of the clIlGnAﬁR 2003
cont ained virtually all the human insert37n unrearranged form (i.

"germ ine configurati,on with a_hi ency of clon al

retai ning both YA@’%Q ‘I"ﬁé'esf’aﬁilwggn{oﬁ &k%’\!%?e%%ﬁfegB% %tﬁﬁﬂe\?ﬁg
not detrinmental theavypethaif f€l baleatbpnsoitiSreablstianalysbsand in vivo
and did not prevent gernline transm ssion or gene expression. these

nmet hods, one can transmt Iarge fragments of genomi c DNA as inserts into
non- human ani nal : Ao el IR Grplmey ¢ rIREERr tt ed | ntact by

germ i ne transm ssion. rEneagigtgont Md%h‘éarhet weqfldﬁenegewm@%rﬁ@ntae
i ntroduced into non-human hosts such as rrarmai’s parti cul arl

| aborat ory ani mal $nagkivakey thepdiea o whia 1oh dasiuFee $hen H&vé%%}éﬁo??ﬁéét
For exanple, one garcdipVéEe mrbéwelfl déVEDE RO Y o&nItﬁ'ﬂl-éxﬁﬁé'%J.ﬁé Pc8Rigal ,
such as a human, to.study the ﬁtlo gﬂq gt a d ease E‘i res gse t o human
genes to a wide vaPfle? %‘P tihefyPr ‘gﬁ h%?rv e ¥hdc ﬁrleng? gtieeygange

| oci into a mammehtakhleost, t]mqn.mduaerprodactmtafctotatm spect bonaf Oheavy
exanpl e hunans, t % uma oL &l q C o) ns,.such.as

i munogl obul i ns, chhgéﬁ 5?;8270?3% g’aeﬁo? E’?‘s#ggorsr%'éﬁiég]& %’gkﬁgﬁp@&d one
antigens, etc. Yntf;rt;tmh%t@m l@éama@aehaﬂhw)\@ ¥8Zh Cle dedike@ptrahatime YAC

A80-C into ES ce tai n C AC
A287-Cl O t ar get edﬁw@%@gé)ﬁoﬁ&%%%éﬁ%mrghgg %étg% a?t%eaggﬁgxfu@gf eIY
t he HPRT-def ici el Ilash@éMY F ﬁérEellotmeeBlTetse §§§6PFBé'Gdchﬁ%llsrdrIgM'
HAT-resi stant ES éﬁﬁﬁy éPnéﬁn(%% dzigtﬁﬁul%%ed?’%r&@ Belderivdd dpfealis 0

100/ 1500 and 100/4q}§) dih{ gl ck d and were 3‘ anded for, anal ysJ s.

3 APR 2003 --~o EvEldHti ol LPEYR mt“é’g%t eGL¥REYRES SPECASA fed W%&ﬁmn
bl ot anal ysis of dhthibddiék geslsdsth dw opytbeetre! analysisi ’E Maw@b

chai n probes for the D, JH and VH2 regions, decribed above. All ES
clones were found %ﬁt’t ‘?n the expected > 10 kb JH and ~e fragnents. All
ESY cl ones except 2D &tk 5Epelcdifdsityeref f thedet amnidad ireg hks4 sokin \i2 kb

fragnent . h@tﬁ%eg XE?pt peldi ?Q:r%@ M&Sdﬁ%&c&t‘é@‘&éf@ éé&eined

expect ed 10 and fragme east equences wer
detected by ' hymditdy amti dmaﬁ@;ﬁé@s@ cepdt spﬁ%fxy ewéhem Bieqy IaIESY

clones except 2By;dly &Q%EEQQea.ﬁdtéCtt!%SYIéjkOfm&%pe?A argl eL1Y8" &rom

m croinjected into C57B/6 | ast ocysts _.as .deScri hed gbove and chinmeric mce
(10 from 2B cl on&37BL %W%I Eﬁélﬁﬁe vithyanddboddgs) didestash against
Sogt he[ ndblt ﬁt an%wlmw;alabfyﬁﬁbﬁt?ﬁgﬁgﬁb Ebm%mﬁmﬁ C({ghn;unﬁ 3B).

i ndi cate e prﬁsen of, nos no are Y.
fragnents, detec PSS v%’t‘fe % dpq)wels 3adp
and D gene Fr agnagaansﬁqetgenerglrechmtmep bute vt etheed gh®t la 10HARIEES J
mce for gernmlin I on{gv r d
fromthe 2B cl onz E'r;‘:’%nsm tIE’ ﬁE’g@ Ppgoeno% bf s o‘fe?sprl%qﬁ o
frequency of 1009hteedt h%ndﬁréﬁ'eéna‘ll?%m @Ihatlai Iabkﬁlﬁr @hd ene dm‘cect

agouti mce pupsmaﬁwete%ﬁ&mWcﬁfalwﬂmeteavyoeﬂadﬂ
Fusi on experiments w th yeast containi n@ t he, human appa chai n "YAC A80 C?

targeted with pLBTBSFPKB(}"Cﬁq%} RRQunts TEBEYUER 3€) t s generated 2
HHAT;]“rIeis:]I st ant ESY cl o?ﬁ&n Mﬁc@mflrﬁ-d&fé nicle yﬁmﬁd mherdrélmztte'wdm\& @Lor

i n i geste r these clones rev ed.the presenc t he
apparent 10 Alu EyAsg‘ﬁ\éﬁfersEeO‘e’t%Et‘éﬁr?r?We(f{i |“W%féaa8'§’ $h ‘%bf%tec‘#[
yeast genom c seqhadnealiele Mmgi':aimd:hdza\navlmlmeq:mrﬁ:,mmanmjuweedw nt o]

CorBLI 6 bl astooygh 35 B AUIRY | Fodl e "EGR TIBRGERT RIVEHEeMs were O 3

IgM® positive, from the intact CS7BL/6J heavy chain allele
(Figure 3D). These results indicated that the Jy-deleted
heavy chain locus is inactivated and cannot encode a
functional IgM antibody.



-m Production of human la by chineric mce by Introduction of Human g

usi ng Honol ogous Recombi nation As an alternative approach to th @b fS‘cHgéh
i'n Exanples 1-VI, human Ig genes are introduced into the nouse I |"'ocu

repl aci ng nouse heavy and |ight chain i mmunogl obulin | oci direct I y wWth
fragnents of the human heavy and |ight €¥sin | oci using honol ogous

ani mal's 0 whi ch the erBRySnr B ShereEs PRl £ ST feltENE eke
germline. A Consalsotiamlfzédinferhetive chbilhityt Yaacpreduceecfunct ildwal
repl aci ng human s cl t

whi ch enconpasses ?ﬁgﬂﬁéﬁé,ﬁg EQ% ?ﬁ%éﬁ%}]ﬁ%)}@ g]:b%9§%I %ﬁé"f‘sm at gcr? rom
a human- YAC |i br arjut@ntiedei¢oeesss opBAlYpedf |%kﬁ@wmué‘é°rne‘aw,cmmg

sequences, which daxhwbbaeesoarel e5eus é@l:prﬁ:péwifw ﬂmécmv M lwit
contain a 10 kb Ba f.ragnent nous,e nd a b J558

0
fragment conprisin ?I‘?(-}]'?s’ YRE FPS‘FiEFrE ’3%’5@?? é&ﬁ&n?l%‘}/r &
chai n vari iabl (e regtmthde_FfFoi mdecg fFigure 40-RE)he dwaaaoseqeubnse&;r IgM
respective Fi gure e n m m).use
enbrpyo geno)r/n C Ilglﬁ a?&u"):%"%g f% ro%’ffg%gcg?geg{: ‘Sf Ete e?‘ug @
PNAS " USA, 78: 76Pigiss andcel ankénstasldit‘am!l Krtm nmgtantgmce;upaa ng
respectively. The gla0 df@ %ﬁ Q.nBEﬁHséf@gmﬁﬁesﬁ%é\iﬂﬁqtrﬁnca&e that

neomyci n-resi stance gene rmé/ Herpes 51 nplex Virus
ki nase gene (HSV-tthe pdsdstdenamf athsl yonereditihcErons bodd a‘tl%%IVYr 6‘-rhaln

pMCl Neo (Kol I er araql%ﬂj!ééﬂlesdsl%%omw@@ mhfbwnémtﬂ 8 c%ilaphgkreu%pa\@%d

onto this fragnent to convert the Xhol .end [nto, a Ha

resul ting fragmentq #3tHERE 1Pt Bk NRELR. qr}F‘ab‘Iﬂiésm d. From
t he YAC cl one containing the human heavy chain | ocus, DNA sequences from
each end of the ipsert are recove d eith r [Jwer PCR (Si | verman et

al . (1989) , PNAS% L ot dud R 3 od 2 coli, p 3
APR 2003 _72_ (Burke -elhealeff¢c11986)? Jizadedetionl on( w&sgll&lmealso be

246: 641-646; Trav 9 r

sequence fromt hegé‘a@% end %\% ?%ﬁe#iﬁfng ?g g:teeg tylt esérrub%;sggﬁgggaggal}gnce
in a plasnmd and aaamtargsthdmwhseqm@hseruse@ tiq pnodusescliimendcof

the YAC is |igat egltce ty 1B g8Reaiin tae ﬁ&sﬁlﬁﬂ&&rﬁ)nf&' ”'12‘5 pheqg@ndefRuse

Ce- Ca descri bed above e human V6- nouse J558 segnent is subcl one
into a hal f-YAC ch@ﬂpﬁggx%kﬁ don e imtialden-a yeast sel ectabl e narker

(H|I SS not(grESsent in Lhemw jowd  $H nifanta ESM:EQEEY werENjenecatedi BYl €
tel onere . unmgn S | KEW S ne INnto a
Coparat e hal T YACSUBPORI RS 1ORS GPET dite HoaTp 2LEree . BOEa T Rer CLOREEY
and a single TEL.EShaokalf-t\Celevatedcdevals nef t Geluran 4Vondidll ) sthus

i neari zed and us : i 0t hat f
chronosomal HI S3 %%#%EEJEZ ?gy rﬂdgné’ 1 C t?agrt?ilaehs cﬁ? tl}él—f’j%%é€g%l g% {2?5% for
hi sti di ne- pr ot ot rSpM?ng‘Df'éEh& iss iy iyen o lepieni eere W&trewa\péi Pydeeybhern
honol ogous reco i t'gggain dDMA RN a 0pE a a-
recQnbi nant YACnbe' g{:hg‘&?q% vegltéolr cont ai nclh?l;g the&ﬁu Cﬁ%e ﬂgsigsafh{e:ﬁe

| i neari zed and us¥dlfotypgnbearin ehallcakiele and a&&h‘éﬁd{té@q REt ReSEFeIous

step. Sel ection fearyevednaineeot r@@élyof EHdde dl&n%s){egsbKabﬂawas shown
containing the c gﬁl et e Ii;H {;e Iace @%}é’[s uig iﬁ Pref abI
both targeting evERtRaveelQR %1 Dnatérhgei 37 'EY enc

sel ecting simul tabpothéymabllldltm et qmbbasttlcdldexqmtotmeaphyd erlpe #so
particularly usef C reni N
opposite orient at*l%nf?gg?%n? gﬁaﬁﬁhéﬁﬁéfveﬁ%%wﬁ&% §é| gg%at eg gﬁd
i ntroduced into Bsaxgetedbyfragrentii ect |K3?¥'Y&§'—§ﬂ@sitr apad ygdsvi 6fis| FSPRRO7

embryos. EXAWPLE M‘xéic&@&sﬁhﬁéd' pgxef théaﬁﬁféﬁﬂ' Exﬁécﬁsf\loﬁﬁn%ﬁéhensgft
human nonocl onal anti body t~rod Uci ng~ mce M.ce cant ai ni ng

the human i nmmunog®bbtben ¢etls hrd rf‘é’c eﬁh’f'%‘“?ﬁ‘é’éeﬁw t ﬁ“HH&E’FlWSt dehafar Fe

Is {mu?ogl obUL Ih nf gewﬁg%eeaeaﬂales {ﬂréﬁetﬂmaéshé}ﬁ@ﬂU!meOHbMOBy&Bfﬂsgﬂhtgﬂdl €s.
arting w our erozygoys s ra,l n r r.a of , breedin

required to cr eat%eg FoYSES: fdCEoS (?r%'ﬁjg 3?516%{?@5?3%1%‘??%5%%83 and

heavy chai n i munsiglwébicnfiicendelret genaygtes. for human heavy and kappa

chai n i munogl obulin loci. The breeding schene is shown in Figure 17.



EXAMPLE | X Production of Human Monocl onal Anti bodies A. | nmunization of

mce Germine chinmeric mce containing integrated human DNA from bhi

i mmunogl obulin loci are i mmunized by injection of an anfigen in a#j ABR 2603
The m ce are boosted with antigen 14 days after the primary inmmunization,
repeated after 35 and 56 days. A bleed Lg-done on the i mmunized animals to
test the titer of serum anti bodi es agai nst the i mmunizing antigen. The

mouse Wi th the highest AddBfsis @ iddlded framd Hdw seiceen aheinmereds B.

Fusi on of spl enocytes I\/y? aggé érrosin Hﬁ?ﬂ{agictnﬁ é%lr%ndﬁﬁ%ggé P e{:ggmme

spl een cells are thawed &°rlisTon g
cul ture. one day beftdree efléecﬁtlsp(fn Ji hdeletienapa $hl Fel nmwemm. aimd

cont ai ning 10% f et aIfaUSI Ibfod?eg) d]%]tctio?xon(:ﬁ?ﬁ?ﬁbb%@eﬁf £2oh ggé ggl teq i %19@

t he norning of the s are di an equal volune o
medi um suppl errent ed (#2094 9daY, ff-‘@tﬂalb%ailfs"s’é?q}%ﬁ%}ﬁﬁ Br | blastegyst-derived

oxal oacet at e, 1 nylosl BRO@iay MIRMphGRYE e thy0 o rddﬂdﬂldmlﬂdﬂﬁnfdﬂyﬂtt@nthe
Af ter sacr|f|C| ng t he m)use thé sp

| een i s, asepti enpve and
in a dish with cul t &#&omddiNAk*etwe UEFFQ arfe f&é@‘g é%ah’mm??yt? °sépl é%ﬁ
is torn into fine pogdgingndutnsét atidse b&vB6beeigirnoiadaddifisn/j\PEha08do

-74The cells are washed.in fre il cIu S wed to
settle out. The spl 3&5&”‘35 ‘%’rffssp? ?her&ms{a@ﬁeggpw ce cE)tw‘%:ent glgf Jg%‘%floﬂufﬁ'ay
medi um wi t hout ser udesBuikrg.t he second wash, the nyeloma cells are al so

washed in a separate tub he%ﬁﬁﬁeﬁa%eaﬁéﬂ?i a\@ﬁaja b@sntd&ﬁﬁ‘éd fP%H ﬁi? A fpe

conbi ned, and centrifu once together. sol uti1 on of yet ene

glycol (PEG is sl omﬁgﬁaéecﬁﬁ 0Ce| ésce(WT)peI 198t §EPMe $fhe°€é|]455 'éhét were
resuspended, for a hetafoefr bue r(rEsmlen 1@se6-0f) preMIMRYgRE WRIOKA6H P

to the cell solution |rr| for 3 muoute

centrifuged and the3§ %é vﬁagl?ﬂe ?W’sps}é?légfe@&%imq%:ﬁ%a%
of medi um suppl enencelils\mére?&%afmbdl withfarsteibodidX aPkheoB ute bh syet 1194 AH
solution ( 58 ~tM p i T cell] s ar
aliquoted into 96- \?@??E 2(9 a W ?’urgég@%?hg’%f 8? %gté{l%égl%’ %‘uipeorﬂa&e%t
is aseptically takemllwbm@achndathenmh(ﬂed yYotyoorelorhEbew mydiomedrey .
tested for reaclividy 262ifate t@ﬁﬂ‘%zm%ﬁat r08211P93nEalR Pefles AU f1s

further tested for 1ndivi ositive wel Bee

identified, the ceIW%r%ﬁé:atli%ﬁ’sﬂéﬁheﬂnﬁbﬂﬁwh@’gdl%m cﬁﬂ&t‘éa’é']éeb '@Wﬂl-cﬁr

medi um suppl enment e%ﬂutﬁla@%ﬁ@iatycgﬂi s:etﬂnbdﬂzx OEtamaelglzszHeumsa from
24-wel | pl ate. that cuI{: ie becones_dense,

ded i nt
S and then i nt S RAFSREREMENER S {EA 6] PEOVARBA, RS RAIEA 0%t HEA® a
singl e anti body prcspeeify city amd iserisit vl tywref thé nassayrdance with the
b d hi | agls . '
may be' produced ahi ch calTo Yoy Sarto deghBEL! Bf Bhikel iBHy; 38 Jigea

anal ogs specific fdy @aratmasisgon wene o ayether ES-derd yadi amsl T cells
associ ated wi th obtglni nge ey mooak@ r PPt e PR Sioé&eoi}‘V%hQﬁx@nEe%l&?

t he transgenlc host can be | mmuni zed i nmunogens whi ch coul not, be

used with a human IaRerakad fEPRothe "b‘ﬁél‘é%l’ri’epp& rGeas By ‘{ﬁ}ds?'efx’inlﬂlé'&ll%s
and adj uvants whi cheh@wsli Ny ¥f this cell line to give rise to lymphoid

cells in vivo. Analysis of chimeras generated from single

Jy-targeted ES65-1 and ES110-1 cells demonstrated the

presence of B220%/IgM‘**/Ly-9.1%* B cells containing a
single, intact, ES cell-derived Ig heavy chain locus.

In contrast to the WT and single deletion chimeras,

mice generated from the homozygous mutant ESDK207 cell

line lacked Ly-9.1%/B220* or IgM**/B220+1 B cells in

peripheral blood. The observed lack of ESDK207-derived

© B cells was not due to a lack in lymphopoiesis, since ES-

derived Ly-9.1%/B220" cells represented 12% of the total



0 3 APR 2003 -75permtted wth a human host. The resulting B-cells may then
be used for immortalization~for the continuous production of tqudgpkrmn
anti body. The immortalized cells may be used for isolation of the genes
encodi ng the inmunogl obulin or anal og and be subjected to further nol ecul ar
nodi fication by methods such as in-vitT#%Tut agenesis or other techniques to
nmodi fy the propert peslobft perdphieradi éd.ootheonomdilicasd qrelnies. Negf t beasbe

returned to the i ks I ect ,,o rOVi or :
i"gg{oggﬁﬁggeﬁg h31 PYedr @ RLEGE LONp t INOVi fRyEOTa et jon

cont i nuous mamal r source of the“desired antibodies. T%e sutj ect
i nvention provi desofokhe GKomeshHioshfresubPeshorlhekes Aherhddieveloprentag

human anti bodi es apgtRredtgWdptBdaB2he I We IMBINEEihP1hPCoBSOEVAL I 8RS Ofere
anti bodies in a human hgs Tﬁe ani mal _host -_cells conveniently provide

for the activation"ad® fekrFRAMeRbGt SBLERONGRALERA in the host cells for
Er oduct | O_nbm;I ~hunan agtdzhpﬂgﬁsdeér@mh dlaret od tbrtbﬁespbégéﬁcérb’ﬂrﬁéxgih\
uman anti bodi es ¢ roduced tao hu | nogen . pr ot ei.ns,. by
i mruni zati on of thgé}gu‘g?"p’e‘é?gf& m M\ﬁe{ﬁuﬁ"{un&ﬁiﬁ' nﬁ%ﬁ%ﬁ%ﬁ%@rﬁ'ﬁblgh gln
resulting anti serachinhérde fpmcivild-ftypd BS bedds amiucebks with masiheyle
harvested fromth f hqst . Th 'PTQHHI' B, |
used for inmmortal %%fé%%&%g&%l&qgnﬁw}e .FE um%%,ég??%%g e%:r'?ﬁ%iné,e é@%‘tll{?%d
provide i nmortal dcétdn the) ESBE29Hopmbl lbney oduce nonocl onal anti bodies.

The anti bodi es, anti sergip e MRSyl sHAkieROCkEs: Vichle hforid VROEYLA! &5k 1 1

accordance with the species of the Cell producing the antibodi es. re

vari abl e regions JSREROT Picr conkained nermaili &gM 1 Bycsdds serived from
anti bodi es, so thatheAblliakedc§sthABER) bateladédR BE-dadi vEts TgM™* B cells.

obt ai ned. All publjcations an tent, applications cited i.n this )
specification are HO%EY&T nﬂ?ﬁ'&f"e‘ﬂ”ﬁ%r HUendRarkoys didn rREtaiduald
publii cati on or patpapulatilorrafi el Ve wh ischewefé G220 aAng-ondif\dektitéd from
i ndi cated to be incaor ated. by rgference. Q 3 APR 2003 -76Al though the
f or egoi ng i nventi %%’ehgg bcé%ﬂlﬂ'escﬁ'fe ONS JEFE Oetis | TR GESF Bt 11Re9y ko
illustration and eontalin far gpubpopulatfionl aft \EDf aelderdemivedigB i cell |
be readily appare e i i1 e, i e
t eachi ngs of thi sgkﬁ&gﬁ{s :68:?]5 "t ﬁg?g%ceu}ét]gg%a%%é@eslsﬂgégﬁengdlﬁ ¥ iécgla% Pgﬂézﬁéf?%%e
made thereto wit hdelegdenr otnhFher dm EREISPi-rit or scope of the appended

claims.  p ~ APR 2003 1Rl bdRe Inaryé®idid d QerBr 2146 | dith By 2 WikPRhree-

manmal i an enbryoni c_stem ) . \
color flow cytometry, using antibodies to Ly-9.1, B220

and either CD43 or Thy~-1.2. The results show the majority
of ES-derived cells were CD43 positive, which is
consistent with an early block in maturation. Many of
the cells were also positive for Thy-1.2, as would be
expected of very early B cell precursors. These data show
that deleting the Jy region results in the iﬁability of
the heavy chain locus to rearrange and produce functional
. IgM. Lack of IgH rearrangement results in a block of B
cell maturation, restricting B cell progenitors to an
early stage of development.



(1:S) cell having at |east a pox<ion of a human inmunogl obulin heavy chain
| ocus sufficient to encode a functional intnunoglobulin heavy chain. and at
l east a portion of a human i‘mmunogl obulin |ight chain |ocus G3f APRI 2003 to
encode a functional inmmnoglobuli.a light cbain stably integrated into the
genone of the non-human marmmal i an ES cel4l; the net hod conprising the steps
of (a) conbining under fusin' conditionsgkigpnentimman mammal i an ES cel |'s
an yeast sphoropl asts contalnlng one or east .rt|f| |aJ chronDso ES
(YACs) conprising the€sRFioR0 AR+ PR -obuts : !
and the portion oP a human |nnunoglobul|ﬂLJLiﬁggggnaln Iocus mhereln the
YACs include a gene encoding a sel ectabl e masker, whereby the portions of
t he human i mmunogl obul in | oci becone stably |ntegrated |nto the genonae of
t he enbryoni c stenhceCby ) i Ve

i munogl obulin loci by gg : Cgﬁ%ﬁfqm{ kak %aHEib&Eéa wgth% ?»ﬂweﬂde"?{’c

mannmal i an enbryoni ¢ st em aving at I east fion o human
i mmunogl obul i n headW¥Peh¥eateBcushighcyast F51€H€€dé°adﬁ}ﬁ€?| &hg constant

i unogl obul i n heayveg L Gt atte ataﬂﬁlsto@@,oratndorre@flaazéﬂunsamntrmegbatitd in
l'i ght chain | ocus ?

ficient to encode_a functiqnal .Jnltnttno bulin |ight
chain stably inte 5‘3%&"?%3("}?(? B@ﬁgﬁf g ?'h%h%tfﬂ“ ﬁﬁgfﬂgéﬁ E§°(§‘elgl
wher ei n t he non- huicmwo gjow ratokiGination wvas ddicen erelgeonetdﬂbdxoamd.@w ng
toclaiml1l. 3_ A nwthqad [ C|n o havi ng at
| east a portlon og‘ﬁ"al n%{‘? rgﬁj&%@nq‘reté%vyrpc%'al rr'B{;%us suf® ~cient to
encode a functional i mﬂtg@gﬂomtm:l ilmbneayyfmmmi’9a(|ﬁkiaam0h§asfefaa-bdrmamD(ﬁ\ a
human i mt nunogl obydet-dd A& Todif Un sl {Afbas &?ﬁggsnﬁggesertanga' ¢ae/

i mmunogl ob>xlin | ain stably Integrate& nto t 'Cgenorre 0
| east sone-of its @8 PFesencenpliihe AHHe S MERhEishepst kPaB*PﬁMEB@Hﬁg a
non- hLUnan nmanmal ifgadgrame! (skesAndtdy 4md Clzachad; @idisdy Nucleic Acids

Research 8:1693-1706) that spans the mouse kappa constant
region. A lambda phage clone which hybridized to this
probe was identified, then purified and used as a source
of C, DNA. Analysis of the phage DNA showed that the kappa
constant region probe hybridized to a 5.6 kb SphI/BamHI
fragment. This fragment contained the kappa J region
genes, an intronic enhancer element and the kappa constant
i:egion. It was then isolated and subcloned into the SphI
and BamHI sites of the plasmid pUC218 to give the plasmid
puUC218/5. 6kappa.

In order to construct the deletion vector, fragments
containing the 5/ region of the kappa constant region,
a thymidine kinase gene for negative selection, a neomycin
resistance gene and a 3’ region of homology to the kappa
constant region were ligated together (see Figure 6).

A 4.0 kb SphI/Bsu36l fragment from the plasmid
puUC218/5.6kappa was subcloned into the SphI and Bsu3le6l
sites of the vector pSK.A to give the plasmid pSK.A/5’K.
The vector pSK.A is a modification of pBluescript SK-
which has a synthetic polylinker:

$' GCATATGCCTOAGGTAAGCATGCGGTACCGAATTCTATAAGCTTGCGGCCGCAGCT
CATOCATATACGOACTCCATTCATACGCCATGGCTTAAGATATTCGAACGCCGACa 3



p ~ APR zoo3 (b) transferring the selected enbryonic cell into a host

bl ast ocyst, inplanting the blastocyst in a pseudopregnant non- hjidadPRagoed
reci pient, and allowi ng the blastocyst to develop to tens io product the
chimeric non-human mammal . 4. A chineric non-human ~ouammat having at | east
a portion of a human i munogl obul i n beawp-chain | ocus sufficient to encode

a functional i mmunqglabuldn paekunchakn pBdeskrt B8 kodr PORA! 8CE s3eRYTRN

i mmunogl obuzZin lig aln locus suftircrent to ehcode a functiona

i mmunogl obul i n |ight chai % 3ddbEgoRR( BNt fTragment capdadid ngr the hexpes

some of its cells, tm&'_giinet heé iGRIs@EEr | @K)ON-dUHERN dEiran | By Pr @thécedndiysd he

nmet hod according to clajm iﬁ S. A net,hod of %odgﬁ'gg a traq:s eni.e

non- human mammal aRBOFPEOP 8§§aﬁ§\r;§‘r+§'a§te | FG % t PEPMACEF hiRER the

i m‘runogl ogu: in hﬁapyaghﬁanpKhegus(Tylbuméemtzt oetnadde(agspumceanales: 1153~

i munogl obul ' tn he ain and at ast.a portion a_hu .

i m nunogl obulin | igﬁ:’ihé’ﬁ? Ib’&%%rfs?fff %Eanlt%?‘Fo *gﬁ?égéeaagf Eﬁ’&q ofixfFes of

i mrunogl obul i n | i gh$KchaAS hKstiabl usingeg atdaddIZTgNohE gmdapeenf with sdimiic

and germcells, thge%gépgg:corrpri sing the steps of (a) pr4ducing a chineric

non- human mammal according to claim4; and (6) breeding the chineric

non- human manmal ! M&W%W@TWQG @ 3on- human mammal and

its progeny. 6. A transgcnic _ngn-hupan mamal and i tslqoro ené, havi r‘]?&n?'t

| east a portion of It theEfsidRggPbasPity Ml /o K/FK oEhe 2(endiadhithey

encode a functi ona@iK igenmnegidind kappayyonstantapdgsbnl gask arpoaliijabest a

human i mmunogl obult_i n | iéﬂlgt ghai n, | ocusoss.t{_ffitggent to encoﬂe a.,f uQc{;i.onaI

i T nunogl obul i n | i GhEAKPHEFanty IRRUGS SH2PREELPRACHRARELIGPEREONS.

somati ¢ and germ cel | s,A whetekh XheIf8amHEndragmentl firomrpMCiNeo pywhieh

met hod accordi ng tc%ncéaai!rlg Sthe mammalian drug selectable marker for
resistance to neomycin, was cloned into the XhoI and BamHI
sites of the plasmid pSK.B to give the plasmid pSK.B/Neo.
The vector pSK.B is a modification of pBluescript SK-

which has a synthetic polylinker:

5" GAGCTCGOGATCCTATCTCOAGGAATTCTATAAGCTTCATATGTAGCT
CATGCTCOAGCCTAGGATAGAGCTCCTTAAGATATTCGAAGTATACA 3

inserted between the pBluescript Kpnl and SacI sites.
A 1.1 kb BglII/BamHI fragment from pUC218/5.6kappa,
which contains homology to the 3/ end of the kappa region,
was cloned into BamHI digested, alkaline phosphatase
treated pSK.C vector. The vector pSK.C is a modification
of pBluescript SK- which has a synthetic polylinker:

'  AAGCTTATAGAATTOGGTACCTGGATCCTGAGCTCATAGCGGCCGCAGCT
CATGTTCGAATATCTTAAGCCATGAACCTAGGACTCAAGTATCGCCGAGCG 3°

" inserted between the pBluescript KpnI and SacI sites.
The resulting plasmid, pSK.C/3’K is oriented such that
transcription proceeds from the SacI site in the plasmid
polylinker in the direction of the KpnI site.
The final targeting plasmid was constructed with a
three part ligation, using (A) 6.1 kb NotI/Ndel fragment
' from pSK.A/5’K/TK, (B) 1.2 kb NdeI/SacIl fragment from
pSK.B/Neo and (C) 4.0 kb SacI/NotI fragment from pSK.C/3 'K
ligated to make the plasmid pK.TK/neo.




- 7:---The-nmethod according to any-one of cl

ains--1; 3- or 5;-the enbryonic - - - stemcell accordinb to claim2 or a
non- human mazt ~onal according to claim~ or 6, wherein the portf @ APR 2003
human i ml uno~l obul i n heavy chain | ocus is, a DNA sequence identical to the

germine DNA sequence of human cli rormso?(_né 14 fromthe D se~ruent 78 0 3
tAE R Zﬁoch eges of é{l%ﬂé@%@,pbgﬁttgwl sbu&ta&$a@%&tqml oebet@ﬁsmcﬂrm\g &QIL][IE
roug e J segnent genes, an e con rebi on. gene rou ~C_Q
that locus, wherein sai &W%W@e@ﬁ%ofmﬂclpﬁ(dgw%f& ﬁ'ﬁsgl %’gﬁst"'éﬁp
regi on, and wherei IPwBdNd exiikalctzgientiths phenabl/ghlonkédrio andl eethanmod
human V segnent ge - h LN Be Lbak ltads
or 7, or the non hgﬁnﬁen r?}%%a |a'nq%§ag§$!&acco%§?€§%?%&§fgem 1}90?%9 \?\/ﬁ%rogi n
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The cells were cultured on mitomycin-treated primary
embryonic fibroblast feeder layers essentially as
described (Koller and Smithies (1989) supra). The
embryonic fibroblasts were prepared from day 14 embryos
carrying the homozygous targeted mutation of fg2-
microglobulin (Koller and Smithies (1990) Science

248:1227-1230). These feeder cells are capable of growth

in media containing G418.

At 80% confluency, the ES cells were prepared for
electroporation by trypsinization, concentration by brief
centrifugation and resuspension in HEPES-buffered saline
at 2 x 10’ cells/ml. The cells are equilibrated at room
temperature, and linearized targeting vector DNA (20 ug)
added. The mixture was electroporated at 960‘yF and 250
V with a BioRad Gene Pulser. The cells were left to stand

- at room temperature for 10 minutes before plating onto
4 ¥ 10 cm dishes of mitomycin-treated fibroblast feeders
(3 x 10° feeder cells/plate). After incubation at 37° C
for 48 hours, the cells were fed media containing 150
ug/ml G418 to select for neomycin resistance. After a
further 48 hours the cells were fed media containing 150
Kkg/ml G418 and 2 pM gancyclovir (Syntex) to select for
loss of the thymidine kinase gene.
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Southern analysis was carried out using BglII
digested genomic DNA from each sample. An about 1.2 kb
BamHI/BglII fragment which contains the region contiguous
with the 3/ homology fragment in the targeting vector was
used as a probe. The native ES cell locus gave an about
2.3 kb fragment, while the targeted ES cell locus gave
an about 5.7 kb fragment. The increase in size is due
to the loss of a BglII site during the construction of
the deletion vector.

A Southern analysis of 166 clones showed two cell
lines which had the intended mutation. These clones were
further analyzed by reprobing the filters with an about

1.1 kb fragment which spans the neo gene. As expected,
the probe only hybridized to the targeted allele.

Further analysis of the genomic DNA from the two
positive clones, 1L2-850 and 1L2-972, after being thawed
and expanded, reconfirmed the initial observations. A
third probe, an about 1.7 kb HindIII/BglII fragment
spanning the kappa J region locus, was used to check for
the correct integration pattern from the 5/ end of the
targeting vector. Using this probe with EcoRI digested
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D. Generation of germline chimeras

The unmodified E14-1 cells have been found to
contribute to the germline at a high frequency after
injection into C57BL/6J blastocysts. To generate germline
chimeras containing the targeted kappa region, the
targeted cell lines 1L2-850 and 1L2-972 were dgrown on
primary feeder cells, then trypsinized and resuspended
in injection medium, which consists of DMEM supplemented
with 15% fetal calf serum, 20 mM HEPES (pH 7.3),
antibiotics and fB-mercaptoethanol. The ES cells were
injected into each blastocyst, and the injected
blastocysts then transferred to one uterine horn of a
pseudopregnant female mouse. Chimeric pups were
identified by chimeric coat color. Chimeric males were
bred to C57BL/6J females, and germline transmission of
the 129/0la derived ES cells was detected by agouti coat
color of the offspring.

One chimeric male from cell line 1L2-972 (about 40%
ES cell derived as judged by its coat color), upon mating
with C57B1/6J females yielded germline transmission at
a frequency of 25% as determined by the percent of agouti
offspring. Chimeric males, about 40%, 70% and 90%
chimeric, from cell 1line 1L2-850 yielded germline
transmission at a frequencies aqof 90%, 63% and 33%,
respectively. Among the agouti offspring generated from
the 70% chimeric male from 1L2-850, eight F1 animals out
of 12 tested were found to be heterozygous at the kappa
locus for the targeted C, mutation by Southern analysis
(a Bgl II digest using the 1.2 kb Bam HI/Bgl II fragment
described above as a probe) using genomic DNA derived from
tail samples. Further breeding of a male and female from
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mutation, yielded one male offspring found to be
homozygous for this mutation as confirmed by Southern

analysis.

E. Analysis of B cells obtained from mice targeted at
the kappa_ locus

If the kappa («) light chain locus is inactivated
because of deletion of the light chain constant region
(Ck), the joining region(Jk), or both Cx and Jx, then a
complete block in the development of x-expressing B cells
should result. Mouse embryonic stem cells containing a
single copy of the complete Ck deletion (ACk) were
introduced into mouse blastocysts as described above to

produce chimeric mice. These chimeric mice were then bred
with wild-type C57BL/6 (B6) mice, and the Fl progeny were
assayed for the presence of the ACk mutation by Southern
blotting of tail DNA. F1 mice that carried the AC«k
mutation were bred and F2 offspring were assayed similarly
for ACk. One of 5§ F2 offspring was shown to carry a
homozygous Ck deletion, and another was heterozygous,
bearing both ACx and a wild-type Ck allele. The 3 other -
offspring were wild~type. The presence or absence of x-
positive B cells was assayed by flow cytometric analysis
of peripheral blood B cells stained with fluorescent
antibodies that react with a pan-B cell marker (B220) or
with the x light chain. For the homozygous ACk F2 mouse
no «-positive B cells were detected, and in the
-heterozygote, there was a reduction in the frequency of
x positive B cells, consistent with the presence of a
wild~-type allele and a non-functional ACk allele. These
results demonstrate that deletion of Cx from the
chromosome prevents x expression by mouse B cells.

EXAMPLE IV
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Inactivation of the mouse immunoglobulin kappa light chain
J_and constant region

A. Design of the targeting experiment

The targeting vector was designed as a replacement
type vector initially to delete the constant region as
well as the J region of the kappa locus and replace it
with three elements through homologous recombination using
regions of homology flanking the constant region (Figure
8). A diphtheria toxin gene (A chain) flanking either
or both regions of homology was included in some cases
as a negative selectable marker. The three elements
consisted of the G418 resistance drug marker, an
additional DNA homology (ADH) sequence of mouse DNA
homologous to a region of the kappa locus located upstreanm
of the J region, and a thymidine kinase gene. As a result
of the inclusion of the ADH sequence in the vector, this
initial targeting placed a second copy of the ADH in the
locus. This duplication was then used to effect a defined
deletion of the sequences between the segments by applying
selective pressure. In this case the cell deletes the
thymidine kinase gene that lies between the two segments
in order to survive gancyclovir selection.

B. Construction of the targeting vector

The regions of homology were derived from a 129 mouse
fetal liver genomic 1library (Stratagene) which was
screened using two probes, as described above in Example

~-III. This subclone contained the J region, an intronic
enhancer element and the constant region of the kappa
light chain locus. The second probe was a 0.8 kb EcoRI
fragment (Van Ness et al. (1981), Cell 27:593-602) that
lies 2.8 kb upstream of the J region. Phage DNA from a
lambda clone positive for this probe showed that the probe
hybridized to a 5.5 kb SacI fragment which was subcloned
into the SacI site of pBluescript SK (Stratagene) to give

the plasmid pSK.S5’kappa (Figure 8).
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The inactivation vectors which contained a 5’ region
of homology, a thymidine kinase gene, a ADH, a neomycin
resistance gene and a 3’ region of homology (Figure 9)
flanked in some instances by diphtheria toxin genes were
constructed from three plasmids (Figure 8) containing:
(a) the 5’ fragment of homology with or without the
diphtheria toxin gene (DT) driven by the mouse
phosphoglycerate kinase gene (PGK) promoter as a negative
selectable marker, (b) the herpes thymidine kinase gene
(tk) driven by the mouse phosphoglycerate kinase gene
(PGK) promoter as a negative selectable marker along with
the DSH and the G418 selectable neomycin (neo) gene from
pMC1Neo (Thomas and Capecchi (1987), Cell 51:503-12), and
(c) the 3/ fragment of homology with or without the PGK
driven DT gene. These three plasmids (Figure 8) were
constructed from pSK.A, pSK.B, and pSK.C, respectively,
all derived from the plasmid pBluescript SK by
modification of the polylinker.
The polylinker of the plasmid pBluescript SK was

modified by cloning between the KpnI and SacI sites a
synthetic polylinker defined by the oligonucleotides 5’-
GCATATGCCTGAGGGTAAGCATGCGGTACCGAATTCTA
TAAGCTTGCGGCCGCAGCT-3/ AND 5/-GCGGCCGCAAGCTTATAGAATTC
GGTACCGCATGCTTACCTCAGGCATATGCGTAC-3/ to create the plasmid
PSK.A, 57— GAGCTCGGATCCTATCTCGAGGAATTCTATAAGCTTCATATGT
AGCT-3’ and 5/-ACATATGAAGCTTATAGAATTCCTCGAGATAGGATCCHA

GCTCGTAC-3’ to create plasmid pSK.8, 57~
AAGCTTATAGAATTCGGTACC TGGATCCTGAGCTCATAGCGGCCGCAGCT-3/
to create plasmid psK.B and 57~

GCGGCCGCTATGAGCTCAGGATCCAGGTACCGAATTCTATAAGCTTG TAC-3

to create the plasmid pSK.C.
A diphtheria toxin gene cassette was created in which

the gene was flanked by the PGK promoter and the bovine
growth hormone polyadenylation signal (Woychik et al.
(1984), Proc. Natl. Acad. Sci. U.S.A, 81:3944-3948; Pfarr
et al. (1986), DNA 5:115-122). A 2.3 kb XbaI/EcoRI
fragment from pTH-1 (Maxwell et al. (1986), Cancer Res.
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46:4660-4664) containing the diphtheria toxin A chain
driven by the human metallothionein (hMTII) promoter was
cloned into pBluescript SK cut with Xbal and ECoRI to give
the plasmid pSK.DT. The hMTII promoter of pSK.DT was
replaced with the PGK promoter from pKJ1l (Tybulewicz et
al. (1991), Cell 65:1153-1163). A 0.5 kb XbaI/PstI
fragment from pKJ1 was joined to a 3.1 kb XbaI/NcoI
fragment from pSK.DT using a PstI/Ncol adapter formed from
the oligonucleotides 5/-GGGAAGCCGCCGC-3’ and 5/-CATGGC
GGCGGCTTCCCTGCA-3’ to give the plasmid pSK.pgkDT. A 248
bp fragment containing the bovine growth hormone
polyadenylation signal, obtained by PCR amplification of
bovine genomic DNA using the oligonucleotide primers 5‘-
‘CAGGATCCAGCTGTGCCTTCTAGTTG—~3’ and 5/ ~-CTGAGCTCTAGACCCATA
GAGCCCACCGCA-3’, was cloned into pCR1000 (Invitron Corp.,
San Diego, CA). The polyadenylation sequence was then
cloned behind the DT gene as a HindIII/PvuIl fragment into
pPSK.pgkDT cut with HindIII and HpaIl to give the plasmid
pPSK.pgkDTbovGH. The DT gene cassette from pSK.pgkDTbovGH
was moved as a 2.1 kb EcoRI/HindIII fragment into pSK.A
cut with EcoRI and NotI using a HindIII/NotI adapter
formed from the oligonucleotides 5’/~-AGCTGGAACCCCTTGC-3’
and 5’-GGCCGCAAGGGGTTCC-3’ to give the plasmid pSK.A/DT.
Between the SphI and Bsu36I sites of both pSK.A and
pPSK.A/DT the 5’ region of homology for the kappa locus
was cloned. For this purpose a 4.0 kb SphI/Bsu361l
fragment resulting from a partial Bsu36I digest followed
by a complete Sphl digest of plasmid subclone
"pUC218/5.6kappa was ligated to pSK.A or pSK.A/DT to give
the plasmids pSK.A/5’K and pSK.A/DT/5’K, respectively.
In the plasmid, pSK.A/DT/5’K, the §’/-end of the DT gene
and kappa fragment were adjacent to each other running
in the opposite transcriptional orientations.

The PGKtk gene from the plasmid pKJtk (Tybulewicz
et al. (1991), cCell 65:1153-1163) was cloned as a 2.7 kb
EcoRI/HindIII between the unique EcoRI and HindIII sites
of pSK.B to give pSK.B/TK. A 0.8 kb EcoRI fragment used
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for the ADH was cloned from pSK.5’kappa and was ligated
into the EcoRI site of pSK.B/TK to give pSK.B/(TK/0.8K)
such that the 5/-end of the tk gene and kappa fragment
were adjacent to each other running in opposite
transcriptional orientations. The 1.1 kb neo gene from
pMC1lNeo was cloned as an XhoI/BamHI fragment between the
same sites of pSK.B/(TK/0.8K) to give pSK.B/(TK/0.8K/Neo).
The plasmid pSK.C/3’K containing the 3/ fragment of
homology was constructed by ligating pSK.C digested with
BamHI and ‘treated with alkaline phosphatase to the 1.1
kb BglII/BamHI fragment isolated from pUC218/5.6kappa.
In pSK.C/3‘K, the kappa fragment was oriented such that
transcription proceeded from the SacI in the plasmid
polylinker in the direction of the KpnI site. The 2.1
kb DT cassette from pSK.pgkDTbovGH was cloned as an
EcoRI/HindIII fragment into the same sites of pSK.C to
give pSK.C/3’K/DT.

Three-part ligations were carried out to construct
the final targeting plasmids (Figure 9). The 4.0 kb
NotI/NdeI fragment from PSK.A/5’K, the 4.8 kb NdeI/SacI
fragment from pSK.B/(TK/0.8K/Neo) (obtained by a SacI
partial followed by and NdeI digestion of the plasmid),
and the 4.0 kb SacI/NotI fragment from pSK.C/3’K were
isolated and ligated together to create pK. (TK/0.8K/Neo) .
The 6.1 kb NotI/Ndel fragment from pSk.A/DT/5’K, the 4.8
kb NdeI/SacI fragment from pSK.B/(TK/0.8K/Neo), and 4.0
kb Sacl/NotI fragment from pSK.C/3’K were isolated and
ligated together to create pK.DT/(TK/0.8K/Neo). The 6.1
kb NotI/NdeIl fragment from pSK.A/DT/5’K, the 4.8 kb
NdeI/Sacl fragment from pSK.B/(TK/0.8K/Neo), and 6.1 kb
SacI/NotI fragment from pSK.C/3’K/DT (obtained by a Sacl
partial followed by a NotI digestion of the plasmid) were
isolated and 1ligate together to create pK.DT/
(TK/0.8K/Neo) /DT. For electroporation, the purified
plasmid DNAs were first cut with Pvul or ApaLI, then
extracted with phenol/chloroform and precipitated by the
addition of ethanol before centrifugation. The resultant
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DNA pellets were resuspended at a concentration of 1 mg/ml
in 10 mM Tris-HCl, 1 mM EDTA(TE).

C. Introduction of DNA into cells

The embryonic stem cell line E14-1 was cultured as
described above in Example III. The cells were
equilibrated at room temperature, and DNA (20 ug)
linearized with Pvul (as described above) was added. The
mixture was electroporated as described above in Example

III.

D. Analysis of constant region-targeted ES cells

After 7-10 days under drug selection with G418, the
individual surviving colonies were each picked and
dissociated in a drop of trypsin as described above in
Example III.

Southern analysis was carried out using BgIII
digested genomic DNA from each sample. A 2.3 kb fragment
was detected from the native ES cell locus, while a larger
4.9 kb fragment was detected from a targeted ES cell locus
(Figure 11), using as a probe the 1.2 kb BamHI/BgIII
fragment isolated from the original phage DNA contiguous
with the fragment- used for the 3’ homology in the
targeting vector. The fragment increased in size because
the BgIII site in the BgIII/BamHI fragment was lost in
the targeting plasmid due to the joining of a BgIII site
to a BamHI site in the ligation, and a new f3gIII site
located in the thymidine kinase gene is introduced into
-the targeted locus.

From a screen by the Southern analysis described
above, of a total of 103 clones derived from experiments
using three different targeting plasmids, 5 cell lines
were identified which carried the intended mutation (Table

1).

Table 1
Ck Light Chain Targeting Result in E14-1
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In order to effect the desired deletion from the
homologously targeted kappa locus, cells from clone 653
were plated on feeder cells at a density of 0.5-1 X 108
cells/10 cm dish in the presence of both gancyclovir (2
N pgM) and G418 (150 pg/ml). After growth for 5 days in the
presence of both drugs, clones were plcked as described
~above into 24-well plates and grown under G418 selection
alone. After an additional 5-8 days, 20% of the cells
in each well were frozen and the remainder used to prepare

genomic DNA as previously described.

F. Analysis of J/constant region deleted ES cells
Southern analysis was carried out using BamHI digested
genomic DNA from each sample. Using as a probe the 0.8
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restriction map. From this screen by Southern analysis

of 2 clones produced from 1.5 x 10° ES cells plated (clone
653), one cell line (clone 653B) was identified which
carried the intended deletion of the J and constant
regions.

Further analysis of genomic DNA produced from clone
653B after being thawed and expanded re-confirmed the
initial observations. Using the 0.8 kb EcoRI fragment,
the deletion was checked with two other restriction
digests which should cut outside of the excised region
on the 5/ and 3’ ends of the targeting vector. Thus using
this probe with a BgIII digest of the genomic DNA from
the unexcised clone 653, a 2.6 kb fragment was detected
from both the unmodified and modified alleles, whereas
an additional 4.9 kb fragment was observed from the
targeted allele only (Figure 11). This 4.9 kb fragment

" was the same as that detected with the 1.2 kb BamHI/BgIII
fragment used previously. Using DNA from clone 653B, a
BgIII digest revealed a 5.8 kb fragment in addition to
the 2.6 kb fragment from the unmodified allele. A Sacl
digest of clone 653 DNA probed with the 0.8 kb EcoRI
fragment showed a 5.5 kb fragment from both the unmodified
and modified alleles and a 3.1 kb fragment from the
targeted allele only (Figure 11). The 5.5 kb fragment
was also detected in DNA from clone 653B and an additional
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selection, were microinjected and chimeric animals were
produced as described above in Example III. Cells from
the targeted ES cell line 653B in which both the kappa
constant and J regions were deleted are also microinjected

and chimeric animals are produced as described above.

Chimeric pups .xre identified by chimeric coat color.
Germline transmission of the modified ES cell #E detected
) by the agouti coat color of the F1 offspring.

EXAMPLE V
Cloning of Human Heavy Chain Locus using Yeast Artificial

Chromosones

A. Production of Yeast Artificial chromosome (YAC)

containing human heavy chain
An Spel fragment, spanning the human heavy chain VH6-

D-J-Cu-C§ region (Berman et al. (1988), EMBO J. 7: 727-
738; see Figure 15) is isolated from a human YAC library
(Burke, et al., Science, 236: 806-812) usiﬁg DNA probes
described by Berman et al. (1988) EMBO J. 7:727-738. One
clone is obtained which is estimated to be about 100 kb.
The isolated YAC clone is characterized by pulsed-field
- gel electrophoresis (Burke et al., supra; Brownstein et
al., Science, 244: 1348-1351), using radiolabelled probes
for the human heavy chain (Berman et al., supra).
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CHEF gel apparatus and the YAC ba is cut out of the low

melting point agarose gel. The gel fragment |is

equilibrated with polyamines and then melted and treated

with agarase to digest the agarose. The polyamine-coated

DNA is then injected into the male pronucleus of

fertilized mouse embryos which are then surgically

introduced into the uterus of a psueudopregnant female

as described above. The transgenic nature of the newborns

is analyzed by a slot-blot of DNA isolated from tails and

the production of human heavy chain is analyzed by

obtaining a small amount of serum and testing it for the

. presence of Ig chains with rabbit anti-human antibodies.

As an alternative to microinjection, YAC DNA is

transferred into murine ES cells by ES cell: yeast

protoplast fusion (Traver et al., (1989) Proc. Natl. Acad.

Sci., USA, 86:5898-5902; Pachnis et al., (1990), ibid 87:

5109-5113) . First, the neomycin-resistance gene from

pMC1Neo or HPRT or other mammalian selectable marker and

a yeast selectable marker are inserted into nonessential

YAC vector sequences in a plasmid. This construct is used
to transform a yeast strain containing the IgH YAC, and
pMClNeo (or other selectable marker) is integrated into
"vector sequences of the IgH YAC by homologous
recombination. The modified YAC is then transferred into
an ES cell by protoplast fusion (Traver et al. (1989);
Pachnis et al., 1990), and resulting G418-resistant ES
cells (or exhibiting another selectable phenotype) which
contain the intact human IgH sequences are used to
generate chimeric mice. Alternatively, a purified YAC is
transfected, for example by lipofection or calcium
phosphate-mediated DNA transfer, into ES cells.
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Introduction of Human Ig Genes into Mice

A. Cloning of Human Ig Genes in Yeast
1. IXdentification and characterization of a human IgH
YAC clone containing VH, D, JH, mu and delta sequences:

PCR primers for the human VH6 gene (V6A= 5’/ GCA GAG

CCT GCT GAA TTC TGG CTG 3’ and V6B= 5’/ GTA ATA CAC AGC
CGT GTC CTG G 3') were used to screen DNA pools from the
Washington University human YAC library (Washington
University, St. Louis, MO). Positive pools were
subsequently screened by colony hybridization and one
positive microtiter plate well, A287-C10, was identified.
Two different sized (205 kb and 215 kb) VH6-containing
’ o YACs were isolated from the microtiter well. In addition
to VH6, the smaller of the two IgH YACs , A287-Cl0 (205
kb), hybridized to probes for the following sequences:
delta, mu, JH, D, VHl1l, VH2, and VH4. The larger of the
two IgH YACs, A287-C10 (215 kb), hybridized to the
] following probes: delta, JH, D, VH1, VH2, and VH4, but
not to mu. The YACs contained sequences from at least
5 VH genes including two VH1l genes, one VH2, one VH4 and
one VH6 gene. Ahalysis of restriction digests indicated
that the 205 kb YAC contains a deletion (about 20 kb size)
that removes some, but not all of the D gene cluster, with
the remainder of the YAC appearing to be intact and in
germline configuration. PCR and detailed restriction
digest analysis of the 205 kb YAC demonstrated the
presence of several different D gene family members. The
215 kb YAC appeared to contain the complete major D gene
cluster but had a deletion (about 10 kb) that removed the
mu gene. This deletion does not appear to affect the JH
cluster or the enhancer located between JH and mu genes.
The putative progenitor of the above two related IgH
YACs, a YAC of about 225-230 kb containing the entire
genomic region between the VH2 gene and the delta gene
(Shin et al., 1991, supra) (see Figure 15), had not been
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earlier aliquot of the A287-C10 microtiter plate well was

examined in order to search for the progenitor YAC under
the assumption that it was lost during passaging of the
library. The A287-C10 microtiter well was streaked out
(Washington University, St. Louis, MO), and 2 of 10 clones
analyzed contained a 230 kb IgH YAC with another
apparently unrelated YAC. Clone 1 contained in addition
the IgH YAC, an approximately 220 kb YAC and clone 3 in
addition contained an approximately 400 kb YAC. The TgH
YAC contained mu, the complete D profile (based on a BamHI
digest, see below) and JH. The IgH YAC from clone 1 was
physically separated from the unrelated YAC by meiotic
segregation in a cross between A287-C10/AB1380 and YPH857
(genotype = MATa ade2 lys2 ura3 trpl HIS5 CAN1 his3 leu2
cyh2, to yield A287-C10 (230 kb)/MP 313 (host genotype
= MAT« ade2 leu2 lys2 his3 ura3 trpl canl cyh2).

2. Targeting of the A287-C10 kb YAC with a mammalian

selectable marker, HPRT:
A YAC right arm targeting vector called pLUTO (15.6

kb) was generated by subcloning a human HPRT minigene
contained on a 6.1 kb BamHI fragment (Reid et al., Proc.
Natl. Acad. Sci. USA 87:4299-4303 (1990)) into the BamHI
site in the polylinker of pLUS (Hermanson et al., Nucleic
Acids Research 19:4943-4938 (1991)). A culture of A287-
C10/AB1380 containing both the 230 kb IgH YAC and an

" unrelated YAC was transformed with linearized pLUTO and
Lys+ transformants were selected. The Lys+ clones were
screened by colony hybridization for the presence of mu.
One clone was identified which contained a single YAC of
approximately 245 kb which hybridized to probes for mu,
HPRT and LYS2.

Southern analysis of the 230 kb A287-C10 YAC targeted
with pLUTO was carried out using a variety of probes to
demonstrate the intact, unrearranged nature of the cloned,
human IgH sequences. In most cases, the results of BamHI,
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HindIII and EcoRI digests were compared to restriction
data for WI38 (a human embryonic fetal lung-derived cell
line), the 205 kb and 215 kb deletion-derivatives of A287-~
Cl10 and to published values. The diversity (D) gene
profile determined by hybridization with a D region probe
(0.45 NcoI/PstI fragment; Berman et al., 1988)
demonstrated the expected four D gene segments (D1-D4
(Siebenlist et al., 1981; Nature 294:631-635). For
example, with BamHI, four restriction fragments, 3.8 kb,
4.5 kb, 6,9 kb and 7.8 kb, were observed in A287-C10 and
WI38. WI38 had one additional larger band, presumed to
originate from the chromosome 16 D5 region (Matsuda et
al., 1988, EMBO 7:1047-1051). PCR and Southern analysis
with D family-specific primers and probes demonstrated
in the 215 kb deletion-derivative YAC (which appeared to
have an intact D region with the same restriction pattern
as the 230 kb YAC) the presence of 2 to 4 members of each

of the following D gene families: DM, DN, DK, DA, DXP and
DLR. The J-mu intronic enhancer, which was sequenced from
cloned PCR products from the A287-C10 230 kb YAC (primers
EnA = 5/ TTC CGG CCC CGA TGC GGG ACT GC 3’ and EnBl = 5/
CCT CTC CCT AAG ACT 3’) and determined to be intact, also
generated single restriction fragments of approximately
the predicted sizes with BamHI, EcoRI and HindIII when
probed with the 480 bp PCR product. The JH region was
evaluated with an approximately 6 kb BamHI/HindIII
fragment probe spanning DHQ52 and the entire JH region
"(Ravetch et al., 1981, Cell 27:583-591). A287-C10
generated restriction fragments of approximately the
expected sizes. Furthermore, the same-sized restriction
fragments were detected with the enhancer and the JH
probes (Ravetch et al., supra; Shin et al., 1991, supra).
The approximately 18 kb BamHI JH fragment detected in
A287-C10 and WI38 also hybridized to a 0.9 kb mu probe
sequence (Ravetch et al., supra). Hybridization with the
0.9 kb EcoRI fragment mu probe (Ravetch et al., supra)
showed restriction fragments of approximately the expected
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109 ()- 103"3" kb BamHI (approximately 17 kb expected); 0.9 kb EcoRI (0.9
kb expected) and approximately 12 kb HindIII

(approximately 11 kb expected). WI38 gave the same-sized
BamHI fragment as A287-C10. The JH and DHQ52 regions were
sequenced from both of the deletion derivative YACs and
both were in germline configuration. Delta was analyzed
with an exon 1 PCR product (containing the approximately
160 bp region between primers D1B= 5§/ CAA AGG ATA ACA GCC
CTG 3’ and D1D = 5’ AGC TGG CTG CTT GTC ATG 37);
restriction fragments for A287-C1l0 were close to those
expected from the literature (Shin et al., supra) and to
those determined for WI38. The 3’ cloning site of the
YAC may be the first EcoRI site 3’ of delta (Shin et al.,
supra) or another EcoRI site further 3/. VH gene probes
for VH1, VH4 and VH6 (Berman et al., supra), and for VH2
(Takahashi et al., 1984, Proc. Nat. Acad. Sci. USA
81:5194-5198) were used to evaluate the variable gene
content of the YAC. A287-C1l0 contains two VH1 genes that
approximate the predicted sizes (Shin et al., supra;
Matsuda et al., 1993, supra); restriction analysis with
the three enzymes gave close to the expected fragment
sies; e.g. with EcoRI observed bands are 3.4 and 7.8 kb
(expected are 3.4 and 7.2 kb). The predicted size EcoRI
fragments for VH4 (5.3 kb observed, 5.1 kb expected) and
for VH6 (0.8 kb observed, 0.9 kb expected) (Shin et al.,
supra; Matsuda et al., supra) were present in A287-Cl0.
‘The expected size EcoRI fragment was seen for VH2 (5.5
kb observed, 5.4 kb expected), but the BamHI and HindIII
fragments were different from those predicted. Coincident
hybridization of the BamHI and HindIII fragments with a
pBR322 probe suggested that the EcoRI site which is at
the 5’ end of the VH2 gene (Shin et al., supra) is the
5/ cloning site, thus eliminating the natural 5’ HindIII
site and BamHI sites. The overall size of the YAC insert
(estimated to be approximately 220 kb) fits well with the
predicted size for an intact, unrearranged segment
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contalnlng CK _and VK sequences:

Two YACs were identified in a screen of pulsed-field
gel (PFG) pools from the Washington University (St. Louis,
MO) human YAC library with a probe from the human kappa
constant region (CK) gene (2.5 kb EcoRI fragment ATCC No.
59173, Parklawn Dr., Rockville, MD). The YACs, designated
A80-C7 (170 kb) and A276-F2 (320 kb), contain the kappa
deleting element kde, CK, JK and the C-J intronic enhancer
and extend 3’ beyond kde. Extending 5’ from JK, the YACs
also contain the Bl, B2 and B3 VK genes determined by
h&bridization.and/or PCR, and possibly other VK sequences.
The A80-C7/AB1380 strain housed, in addition to the IgK
YAC, an unrelated YAC of similar size. Therefore, meiotic
segregation was used to separate these YACs; A80-C7 was
crossed to YPH857 and a meiotic product was obtained which
contained only the IgK YAC (MP8-2; host genotype = a ade2
leu2 his3 hisb5 lys2 ura3 trpl canl cyh2). The A80~C7 and
A276~F2 YACs have been targeted with pLUTO to incorporate
the human HPRT minigene into the YAC right vector arm.

Restriction analysis of the IgK YACs A80-C7 and A276~-
F2 using a number of enzymes supports the conc]:usion that
both YACs are unrearranged (i.e., in germline

_configuration). For example, BamHI digeéstion followed
by hybridization with the CK probe demonstrates the
expected 13 kb restriction fragment (Klobeck et al., Biol.
Chem. Hoppe-Seyler 370:1007-1012 (1989)). The same-sized
band hybhridizes to a JK probe (a 1.2 kb PCR product using
primer set to amplify the JK1-5 region), as predicted from
the genomic map (Klobeck et al., supra). The B3 class
IV gene (probe is a 123 bp PCR product from the B3 gene)
gives a 4.9 kb BamHI and a 2.2 kb BglII fragment, close
to the published values of 4.6 kb and 2.3 kb, respectively
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%R10%4&' () - analysis of both IgK YACs as well as human genomic DNA
for the following kappa locus sequences revealed the
predicted band sizes: Kde (120 bp), CK (304 bp), cC-J
intronic enhancer (455 bp), JK1-5 (1204 bp), B3 VK (123
bp) and Bl VK pseudogene (214 bp). Sequences used to
design PCR primers for the CK, JK and C-J enhancer regions
are from Whitehurst et al., Nucl. Acids. Res. 20:4929-4930
(1992); Kde is from Klobeck and Zachau, Nucl. Acids. Res.
14:4591-4603 (1986); B3 is from Klobeck et al., Nucl.
Acids. Res. 13:6515-6529 (1985); and Bl is from Lorenz

et al., supra.

B. Introduction of 680 kb yHPRT YAC into ES Cells
1. Culture of yHPRT veast strain and preparation of veast

spheroplasts
The 680 kb yHPRT is a YAC containing a functional

copy of the human hypoxanthine phosphoribosyltransferase
(HPRT) gene cloned from a YAC library, as described in
Huxley, et al. (1991) Genomics 9:742-750. The yeast
strain containing the yHPRT was grown in uracil and
tryptophan deficient liquid media, as described in Huxley,
et al. (1991) supra.

To prepare the yeast spheroplasts, a 400 ml culture
of yeast containing yHPRT was spun down and the yeast
pellet was washed once with water and once with 1 M
sorbitol. The yeast pellet was resuspended in SPEM (1
M. sorbitol, 10 mM sodium phosphate pH 7.5, 10 mM EDTA pH
8.0, 30 mM f-mercaptoethanol) at a concentration of 5 x
10 yeast cells/ml. Zymolase 20T was added at a
concentration of 150 ug/ml of yeast cells, and the culture
was incubated at 300C until 90% of the cells were
spheroplasts (usually for 15-20 minutes). The cells were
washed twice in STC (1 M sorbitol, 10 mM Tris pH 7.5, 10
mM CacCl,) and resuspended in STC at a concentration of

2.5 x 10%/ml. -
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2. Cculture of E14TG2a ES Cells

HPRT-negative ES cell line E14TG2a was cultured as

previously described.

3. Fusion of ES Cells and Yeast Spheroplasts
Exponentially growing E14TG2a ES cells growing on

gelatin-coated dishes were trypsinized and washed three
times with serum-free DMEM. A pellet of 2.5x10' yeast

spheroplasts was carefully overlaid with

5x10° ES cells

which were spun down onto the yeast pellet. The combined

pellet was resuspended in 0.5 ml of either 50%
polyethylene glycol (PEG) 1500 or 50% PEG 4000 (Boeringer
Mannheim) containing 10 mM CacCl2. After 1.5 minutes

incubation at room temperature or at 370C,

5 ml of serum-

free DMEM were added slowly, and the cells were left-at
room temperature for 30 minutes. The cells were then
pelleted and resuspended in 10 ml of ES cell complete
medium (as previously described) and were plated onto one

100 mm plate coated with feeder cells.

After 24 hours

the medium was replaced with fresh medium. Forty-eight
hours post-fusion, HAT (ES media containing 1x10%* M
hypoxanthine, 4x107 M aminopterin, 1.6x10° thymidine)
selection was imposed. HAT-resistant ES colonies were
observed 7-10 days post-fusion in the plates from both
the different fusion conditions used. yHPRT-ES ("ESY")
fusion colonies were picked and plated onto feeder-coated

wells, and expanded for further analysis

4. MAnalysis of YAC DNA Inteqrated into yHPRT-ES Fusion

Clones

DNA extracted form 23 yHPRT-ES fusion colonies was

digested with HindIII and subjected to

Southern blot

analysis (Figure 12) using the probes: a human repetitive
Alu sequence (A); pBR322~-specific sequences for the right
(B) and left (C) YAC vector arms; yeast Ty repetitive

sequence (D); yeast single copy gene LYS2

(E) . The human

HPRT probe, a 1.6 kb full length cDNA (Jolly et al., Proc.
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confirm the presence of the human HPRT gene in ESY clones.
The Alu probe was a 300 bp BamHI fragment from the BLURS
Alu element in pBP63A (Pavan et al., Proc. Natl. Acad.
Sci. USA 78:1300-1304 (1990)). The right and left vector
arm probes were pBR322-derived BamHI-PvuII 1.7 and 2.7
kb fragments, respectively, which correspond to the vector
sequences in pYAC4 (scheme a, b (Burke et al., in: Guide
to Yeast Genetics and Molecular Biology, Methods in
Enzymology, Guthrie and Fink, eds., Academic Press,
194-251-270 (1991)). The 4.5 kb fragment, detected by
the right arm probe, spans the region between the HindIII
site at the telomere 5’ end and the first HindIII site
within the human insert (scheme a). The 3 kb and 4.1 kb
fragments detected by the left end probe correspond to
the region between the HindIII site at the telomere end
and the HindIII site 5’ of the yeast sequences, and the
region spanning from the HindIII site 3’ of the centromere
into the human insert, respectively (scheme b). The
difference in the hybridization intensity of these two
bands relates to the difference in the amount of homology
between these fragments and the probe. The yeast Ty
repetitive probe (Philippsen et al., in Gene Expression
in Yeast, Proceedings of the Alko Yeast Symposiumn,
Helsinki, Korhola and Vaisanen, eds., Foundation for
Biotechnical and Industrial Fermentation Research, 1:189~-
200 (1983)) was a 5.6 kb XhoI fragment isolated from Tyl-
containing pJEF742 which could also detect the 3/ HindIIIX
fragment of Ty2, due to the homology between the two
elements. The LYS2 gene probe was a 1.7 BamHI fragment
from pLUS (Hermanson et al., Nuc. Acids. Res, 19:4943-4948
(1991)).

Hybridization with a human HPRT probe (full length
1.6 kb cDNA probe) demonstrated that all the clones
analyzed contained the same 15, 7 and 5 kb exon-containing
fragments of the human HPRT dene as the yHPRT YAC.
Reprobing the same blots with a human repetitive Alu

/
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sequence 300 bp probe indicated that all the clones

analyzed contained most, if not all, the Alu-containing
fragments present in YHPRT (Figure 12A). These data
indicate that in most of the clones analyzed the 680 kb
human insert had not been detectably rearranged or deleted
upon integration into the ES cell genome. Integration
of YAC vector sequences was examined using probes specific
for the vector arms. Rehybridization of the same blots
with a probe for the right YAC vector arm, detecting a
4.5 kb HindIII fragment, indicated that in 10 out of 23
of the clores analyzed, the right YAC arm up to the
telomere was still intact and unrearranged and linked to
the human insert (Figure 12B) thus providing further
evidence for the integrity of the YAC in these clones.
The left arm probe detected the 3 kb and 4.1 kb HindIII
YHPRT fragments in 18 out of the 20 clones analyzed
(Figure 12C), indicating a high frequency of left arm
retention.

The structural integrity of yHPRT in ESY clones was
further evaluated for two clones (ESY 5-2 and 8-7) using
pulsed-field gel restriction analysis. In yeast carrying
yHPRT, five Sfi fragments of the following approximate
sizes were defined by different probes: 315 kb (Alu, left
arm), 145 kb (Alu, HPRT); 95 kb (Alu, right arm), 70 and
50 kb (Alu only). In both ES clones, the internal HPRT
and Alu-specific fragments were similar in size to the
YHPRT fragments. The end fragments detected for both
.clones were larger than those in yHPRT, as expected for
YACs integrated within a mouse chromosome: 185 and 200
kb for the right end fragment, respectively, and over 800
kb for the left end fragment for both clones. These data,
togethéi' with the Alu profile, provide additional evidence
for the retention of the structural integrity of the YAC
in these clones. These studies were complemented by
fluorescence in-situ hybridization carried out on ESY 8-7
(Figure 13 A, B) and ESY 8-6 metaphase chromosome spreads
in which a single integration site was detected for the
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human sequences. Photomicrographs of representative

metaphase spreads (Figure 13 A, B, C) or interphase nuclei
(Figure 13D) from ESY 8-7 cells (Figure 13 A, B)
hybridized with biotinylated human genomic sequences and
ESY 8-6 cells (Figure 13 C, D) hybridized with
biotinylated yeast repeated DNA sequences. The human
probe was generated from human genomic placental DNA
(Clontech, Palo Alto, CA). The yeast probe consisted of
a mix of DNA fragments encoding the yeast_: repeated
elements; ‘delta (a 1.08 kb Sau3A fragment of pdeltaeé
(Gafner et al., EMBO J. 2:583-591 (1983)) :and Ty (a 1.35
kb EcoRI-Sall fragment of p29 (Hermanson et al., Nuc.
Acids. Res. 19:4943-4948 (1991)), the rDNAs (a 4.6 kb
BgIIIk-A L90 and a 4.4 kb BgIII-B L92 fragment (Keil and
Roeder, Cell 39:377-386 (1984)), and the Y’ telomere
elements (2.0 and 1.5 kb BgIII-HindIII fragments of p198
(Chan and Tye, Cell 33:563-573 (1983)). Hybridization of
sequences on chromosome metaphase spreads with

biotinylated probes and detection by Avidin~FITC followed
by biotin-anti-Avidin and Avidin-FITC amplification was
carried as described by Trask and Pinkel, Methods Cell

Biol. 30:383-400 (1990), wusing a Zeiss BAxiophot
microscope. Chromosomes were counterstained with
propidium iodide. The photomicrographs shown are

representative of 95% of the metaphase spreads or
interphase nuclei scanned in three independent experiments
carried out with the human or the yeast probes. A single

“'integration site was detected for the human sequences.

The same blots were also probed with the yeast Ty
repetitive element sequence to detect the presence of
yeast genomic DNA sequences in the ESY clones (Figure 12
D). Whereas some of the clones were found to contain most
of the Ty-containing fragments present in the parental
yeast strain, some of the clones were found to have a very
small fraction, if at all, of the Ty-containing fragments.
These results indicate that in some ES clones, although
the YAC DNA is integrated intact, little or no yeast
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chromosomal DNA was integrated at single or multiple sites
within the ES <cell genome, fluorescent in-situ
hybridization was performed on ESY clone 8-6 which had
a complete Ty profile. A single integration site was
detected using a combined yeast repetitive probe (Figure
13 C, D), indicating that within the limits of resolution,
all yeast DNA fragments integrated in one block.

Using the ability of ES cells to undergo in_vitro
orderly differentiation, YAC stability and the effect of
integrated DNA on the pluripoterncy of ES cells was
investigated. Four ES clones, containing different
amounts of yeast DNA (ESY 5-2, 3-6, 8-6 and 8-7) exhibited
a differentiation pattern indistinguishable from that of

o unfused ES cells: formation of embryoid bodies giving rise
to a variety of differentiated cell types (Figure 14 A).
Southern blot analysis was performed on DNA extracted from
differentiated ESY 5-2, 3-6, 8-5 and 8-6 (20 pg) and yHPRT
in AB1380 (40 ng) using (a) a human Alu probe; (b) yeast
Ty sequences. ES clones were induced to form embryoid
bodies by culturing them as aggregates in suspension for
10-14 days as described by Martin and Evans, Cell 6:467-
474 (1975). Following their reattachment to tissue
culture substratum, ESY-derived embryoid bodies gave rise
to differentiated cell types. YAC and yeast DNA sequences
were stably retained by the differentiated ES clones
during 40 days of culture in non-selective mediun,

| demonstrating that the stably integrated foreign DNA did
not impair the pluripotency of the ES cells (Figure 14
B). The differentiated cultures maintained a functional
human HPRT gene as evidenced by their normal growth and
differentiation when transferred to HAT-selective medium.

S. Generation of chimeric mice from YyHPRT-ES cell lines

The ability of ESY cells to repopulate mnice,
including the germline, was demonstrated by microinjection
of ES cells into mouse blastocysts and the generation of




IFf"10% : & ()- ! @A0%<& ()-F 10" 10"445A6678} 7?21 APR 2003
10", ,:10%& ()-G @#10%& ()-!: @#109D& ()-S 03

10%<& () -F! " f10%<<& ()-9f 10%<& ()-988999999Z: r S10! >y 10%&’ () -910%& () -

% 0% ()-3 10 < < 10 < < 10 < <!'"F. &10%-%7-

chimeric mice. ESY cells were microinjected into C57BL/6J

mouse blastocysts, and chimeric mice were generated as

previously described. Chimeric males were mated with

C57BL/6J females and germline transmission was determined
by the presence of agouti offspring. Genomic DNA prepared
from the tails of the chimeric mice were analyzed for the
presence of the yHPRT DNA in the mouse genome by PCR
analysis. The presence of the YAC left arm was analyzed
using the two priming oligonucleotides, 57
TTCTCGGAGCACTGTC CGACC and 517
CTTGCGCCTTAAACCAACTTGGTACCG, ' which were derived,
respectively, from the pBR322 sequences and the SUP4 géne
within the YAC left vector arm. A 259 bp PCR product was
obtained from the analysis of the yeast containing yHPRT

i and the ESY cell lines. PCR analysis of tail DNA prepared
from 18 chimeric mice generated from ESY cell lines ESY3-1
ESY3-6 and ESY5-2, gave rise to the expected PCR product,
thus indicating the presence of the YAC left vector arm
in the genome of the chimeric mice.

6. Germline transmission of yHPRT

Chimeric males, with coat color chimerism of 30-60%,
derived from the ESY cell lines ESY3-1 and ESY5-2 were
set up for mating for germline transmission evaluation,
i.e. to determine whether the genetic modification was
passed via the germ cells (sperm or oocytes) to the
progeny of the animals. Three of the chime;:ic ESY3-1
derived males, 394/95-1, 394/95-2 and 411-1 transmitted

“the ES cell genome to their offspring at a frequency of
20%, 30% and 30%, respectively. Southern blot analysis
of tail DNA from the agouti pups indicated the presence
of the yHPRT in the genome of three mice, 4-2, 4-3 and
5-1, derived from the 394/395-2 chimera. The Alu profile
obtained from such analysis was indistinguishable from
that of the parent ES3-1 cell 1line (Figure 14 (),
demonstrating that the 680 kb human insert was transmitted
faithfully through the mouse germline.
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of the human HPRT gene in all the tissues tested was
detected (Figure 15 A and B), thus demonstrating the
transmitted YAC retained its function with fidelity. 1In
this experiment, human HPRT mRNA was detected by reverse
transcription (RT)~-PCR in ES, ESY 3-1 and Hut 78 (human)
cells, spleen and liver from a control mouse (C) or the
4-3 agouti offspring (derived from the 394/95-2 ctiimera)
and a sample containing no template DNA (indicated as
w_w jin Figure 15A). Reverse transcription of poly (A+)
RNA and PCR amplification of specific cDNA sequences were
performed using the cDNA Cycle Kit (Invitrogen). Specific
amplification of a 626 bp fragment from human HPRT cDNA
in the presence of murine HPRT cDNA was performed as
outlined by Huxley et al, supra. Integrity of all RNA
samples was demonstrated by PCR amplification of cDNAs
for the mouse y-interferon receptor. The primers used
to amplify a 359 bp fragment were: GTATGTGGAGCATAACCGGAG
and CAGGTTTTGTCTCTAACGTGG. The human HPRT and the ¢-
interferon receptor primers were designed to eliminate
the possibility of obtaining PCR products from genomic
DNA contamination. PCR products were analyzed by
electrophoresis and visualized with ethidium bromide.
The size markers are 1 kb ladder (BRL). The results of
detection of mouse y-interferon receptor mRNA by RT-PCR
; in the samples described above are shown in Figure 15B.
The specific human HPRT mRNA was also detected in the
:ather tissues tested (brain, kidney and heart) derived
from the 4-3 mouse. Comparable steady-state levels of
mouse and human HPRT mRNA were detected in the liver of
YHPRT-containing progeny. These results indicate that the
uptake of as much as 13 megabases of yeast genomic DNA
was not detrimental to proper development, germline
transmission or gene expression.
The above results demonstrate that yeast spheroplasts
are an effective vehicle for the delivery of a single copy
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large molecular weight DNA fragment into ES cells and that
such molecules are stably and functionally transmitted
through the mouse ,qermline. The Alu profiles,
complemented by PFGE analysis and in situ hybridization
for some of the ES clones, strongly argque that the
majority of the clones contained virtually all the human
insert in unrearranged form (i.e. in ‘“germline
configuration"), with a high frequency of clones (40%)
also retaining both YAC arms. The significant uptake of
yeast genomic DNA was not detrimental to proper
differentiation of ES cells in vitro and in vivo and did
not prevent germline transmission or gene expression.WH
these methods, one can transmit large fragments of genomic
DNA as inserts into non-human animal genomes, where the
inserts may be transmitted intact by germline
transmission. Therefore, a wide variety of xenogeneic
DNA can be introduced into non-human hosts such as
mammals, particularly small laboratory animals, that may
impart novel phenotypes or novel genotypes. For example,
one can provide in small laboratory animals genes of a
mammal, such as a human, to study the etiology of a
disease, the response to human genes to a wide variety
of agents. Alternatively, one can introduce large loci
into a mammalian host to produce products of other
species, for example humans, to provide human protein
sequences of proteins such as immunoglobulins, T-cell
receptors, major histocompatibility complex antigens, etc.

'Introduction of heavy chain YAC A287-C10 and kappa chain

YAC A80-C

into ES cells and Embryos
Yeast containing the human heavy chain YAC A287-C10

targetéd with pLUTO (yA287-C10) were spheroplasted and
fused with the HPRT-deficient ES cell line E14.1TG3B1l as
described above. Ten HAT-resistant ES (ESY) clones (2B,
2Cc, 2D, 3A, 3B, 5C, 1125A, 1125E, 100/1500 and 100/4000)

were picked and were expanded for DNA analysis.
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Evaluation of the integrated YAC was performed by Southern
blot analysis of HindIII-digested DNA from these clones,
using human heavy chain probes for the D, Jy, 4, and VH2
regions, decribed above. All ESY clones were found to
contain the expected > 10 kb Jy and 4 fragments. All ESY
clones except 2D and 5C clones, were found to contain the
4.8 kb VH2 kb fragment. All ESY clones, except 2D and
3B were found to contain the expected 10 and 7.6 kb D gene
fragments. Yeast genomic sequences were detected by
hybridization to the yeast repetitive Ty element in all
ESY clones except 2B, 2D, 100/1500 and 5C. ESY clones
2B, 3A and 5C were microinjected into C57B/6 blastocysts
as described above and chimeric mice (10 from 2B clone,
1 from 3A clone and 1 from 5C clone) were generated.
Southern blot analysis of tail DNA from 10 of these
chimeric animals, indicated the presence of most, if not
all, of the apparent 10 Alu fragments, detected in yaA287-
C10 in yeast, as well as the presence of VH, and D gene
fragments. The generated chimeric mice were bred with
C57BL16J mice for germline transmission evaluation. A
chimeric male 78K-3 derived from the 2B clone transmitted
the ES cell genome to its offspring at a frequency of
100%. Southern blot analysis of tail DNA from 4 out of
6 agouti mice pups indicated the presence of human heavy
chain sequences.

Fusion experiments with yeast containing the human
kappa chain YAC A80~C7 targeted with pLUTO (yA80-C7) with
E14.1TG3B1l ES cells generated 2 HAT-resistant ESY clones:
M4.4.1 and MS.2.1. Southern blot analysis of HindIII-
digested DNAs from these clones revealed the presence of
all the apparent 10 Alu fragments detected in yA80-C7 in
yeast. In both clones yeast genomic sequences were
integrated. ESY clones were microinjected into C57B1/6J

blastocysts and chimeric mice were generated.

EXAMPLE VII
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& $10% & ()- (10 )1nﬂrﬁxr)oglobu11n loci directly with fragments of the human
heavy and light chain loci using homologous recombination.
This is followed by the generation of chimeric transgenic

animals in which the embryonic stem-cell derived cells
contribute to the germ line.

A. Construction of human hea chain replacement vector.

The replacing human sequences include the SpeI 100
, kb fragment of genomic DNA which encompasses the human
- : VH6-D-J-Cu~Cé heavy chain region isolated from a human-YAC
library as described before. The flanking mouse heavy
chain sequences, which drive the homologous recombination
replacement event, contain a 10 kb BamHI fragment of the
mouse Ce-Ca heavy chain and a 5/ J558 fragment comprising
the 5’ half of the J558 fragment of the mouse heavy chain
variable region, at the 3/ and 5’ ends of the human
sequences, respectively (Figure 16). These mouse
sequences are isolated from a mouse embryo genomic library
using the probes described in Tucker et al. (1981), PNAS
USA, 78: 7684-7688 and Blankenstein and Krawinkel (1987,
supra), respectively. The 1150 bp XhoI to BamHI fragment,
containing a neomycin-resistance gene driven by the Herpes
simplex virus thymidine kinase gene (HSV-tk) promoter and
a polyoma enhancer is isolated from pMClNeo (Koller and
Smithies, 1989, supra). A synthetic adaptor is added onto
this fragment to convert the XhoI end into a BamHI end
and the resulting fragment is joined to the BamHI mouse
Ce-Ca in a plasmid.

From the YAC clone containing the human heavy chain
locus, DNA sequences from each end of the insert are
recovered either by inverse PCR (Silverman et al. (1989),
PNAS, 86:7485-7489), or by plasmid rescue in E. coli,
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isolated human sequence from the 5’V6 end of the YAC is
ligated to the mouse J558 sequence in a plasmid and
likewise, the human sequence derived from the 3’Cd end
of the YAC is ligated to the Neo gene in the plasmid
containing Neo and mouse Ce-Ca described above. The human
V6-mouse J558 segment is now subcloned into a half-YAC
cloning vector that includes a yeast selectable marker
(HIS3) not present in the original IgH YAC, a centromere
(CEN) and a single telomere (TEL). The human C§-Neo-mouse
Ce-Ca is likewise subcloned into a separate half-YAC
vector with a different yeast selectable marker (LEU2)
and a single TEL. The half-YAC vector containing the
human V6 DNA is linearized and used to transform a yeast
strain that is deleted for the chromosomal HIS3 and LEU2
loci and- which carries the IgH YAC. Selection for
histidine-prototrophy gives rise to yeast colonies that
have undergone homologous recombination between the human

V6 DNA sequences and contain a recombinant YAC. The half-
YAC vector containing the human C§ DNA is then linearized
and used to transform the yeast strain generated in the
previous step. Selection for leucine-prototrophy results
in a yeast strain containing the complete IgH replacement
YAC (see Figure 16). Preferably, both targeting events
are performed in a single transformation step, selecting
simultaneously for leucine and histidine prototrophy.
This is particularly useful when the original centric and
-acentric YAC arms are in opposite orientation to that
shown in Figure 16. This YAC is isolated and introduced
into ES cells by microinjection as described previously

for embryos.

EXAMPLE VIII
Crossbreeding of transgenic mice

A. Generation of human monoclonal antibody producing mice
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shown in Figure 17.

EXAMPLE IX
Production of Human Monoclonal Antibodies

A. Immunization of mice
Germline chimeric mice containing integrated human

DNA from the immunoglobulin 1loci are immunized by
injection of an antigen in adjuvant. The mice are boosted
with antigen 14 days after the primary immunization,
repeated after 35 and 56 days. A bleed is done on the
immunized animals to test the titer of serum antibodies
against the immunizing antigen. The mouse with the
highest titer is sacrificed, and the spleen removed.

B, Fusion of splenocytes
Myeloma cells used as the fusion partner for the

spleen cells are thawed 6 days prior to the fusion, and
grown in tissue culture. One day before the fusion, the
cells are split into fresh medium contaihing 10% fetal
"calf serum at a concentration of 5 x 10° cells/ml. On

y the morning of the fusion the cells are diluted with an
equal volume of medium supplemented with 20% fetal calf
serum and 2X OPI (3 mg/ml oxaloacetate, 0.1 mg/ml sodium
pyruvate and 0.4 IU/ml insulin) solution.

After sacrificing the mouse, the spleen is
aseptically removed, and placed in a dish with culture
medium. The cells are teased apart until the spleen is
torn into fine pieces and most cells have been removed.
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combined, and centrifuged once together.

A solution of 50% polyethylene glycol (PEG) is slowly
added to the cell pellet while the cells are resuspended,
for a total of two minutes. 10 ml of prewarmed medium
is added to the cell solution, stirring slowly for 3
minutes. The cells are centrifuged and the supernatant
removed. The cells are resuspended in 10 ml of medium
supplemented with 20% fetal calf serum, 1X OPI solution
and 1X AH solution (58 uM azaserine, 0.1 mM hypoxanthine).
The fused cells are aliquoted into 96-~well plates, and
cultured at 37° for one week.

Supernatant is aseptically taken from each well, and
put into pools. These pools are tested for reactivity
against the immunizing antigen. Positive pools are
further tested for individual wells. When a positive well
has been identified, the cells are transferred from the
96-well plate to 0.5 ml of medium supplemented with 20%
fetal calf serum, 1X OPI, and 1X AH in a 24-well plate.
When that culture becomes dense, the cells are expanded
into 5 ml, and then into 10 ml. At this-stage the cells
are sub-cloned so that a single antibody producing cell
is in the culture. :

In accordance with the above procedures, a chimeric
non-human host, particularly a murine host, may be
produced which can be immunized to produce human
antibodies or analogs specific for an immunogen. In this
manner,- the problems associated with obtaining human
monoclonal antibodies are avoided, because the transgenic
host can be immunized with immunogens which could not be
used with a human host. Furthermore, one can provide for
booster injections and adjuvants which would not be
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molecular modification by methods such as in-vitro
mutagenesis or other techniques to modify the properties
of the antibodies. These modified genes may then be
returned to the immortalized cells by transfection to
provide for a continuous mammalian cellular source of the
desired antibodies. The subject invention provides for
a convenient source of human antibodies, where the human
antibodies are produced in analogous manner to the
production of antibodies in a human host. The animal host
cells conveniently provide for the activation and
rearrangement of human DNA in the host cells for
production of human antibodies.
In accordance with the subject invention, human
antibodies can be produced to human immunogens, eg.
proteins, by immunization of the subject host mammal with
human immunogens. The resulting antisera will be specific
for the human immunogen and may be harvested from the
serum of the host. The immunized host B cells may be used
for immortalization, eqg. myeloma cell fusion,
transfection, etc. to provide immortal cells, egq.
hybridomas, to produce monoclonal antibodies. The
antibodies, antiserum and monoclonal antibodies will be
glycosylated in accordance with the species of the cell
. producing the antibodies. Rare variable regions of the
Ig locus may be recruited in producing the antibodies,
so that antibodies having rare variable regions may be
obtained.
All publications and patent applications cited in
this specification are herein incorporated by reference
) as if each individual publication or patent application
were specifically and individually indicated to be

incorporated by reference.
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© those of ordinary skill in the art in light
of the teachings of this invention that certain changes
and modifications may be made thereto without departing
from the spirit or Scope of the appended clainps.
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1, A method for producing a non-human mammalian embryonic stem

(ES) cell having at least a portion of 2 human immunoglobulin heavy chain locus
sufficient to encode a functional immunoglobulin heavy chain and at least a portion of a
human immunoglobulin light chain locus sufficient to encode a functional
immunoglobulin light chain stably integrated into the genome of the non-human
mammalian ES cell, the method comprising the steps of:

(2) combining under fusing conditions the non-human mammalian ES cells an
yeast spheroplasts containing one or more yeast artificial chromosomes (YACs)
comprising the portion of the human immunoglobulin heavy chain locus and the portion

) of a humen immunoglobulin light chain locus, wherein the YACs include a gene
encoding a selcctable marker, whereby the portions of the human immunoglobulin loci
become stably integrated into the genome of the embryome stem cells; and

(b) selecting for ES cells carrying the human immunoglobulin loci by means of

the marker or markers.

2. A non-human mammalian embryonic stem (ES) cell having at least
a portion of 2 human immunoglobulin heavy chain locus sufficient to encodc a functional
immunoglobulin heavy chain and at least 2 portion of a human immunoglobulin light
chain locus sufficient to encode a functional immunoglobulin light chain stably integrated
into the genome of the non-human mammalian ES cell, whercin the non-human
) mammalian ES cell is produced by the method according to claim 1.

3. A method of producing a chireric non-human mammal having at
least a portion of 2 human immunoglobulin heavy chain locus sufficient to encode a
functional immunoglobulin heavy chain and at least a portion of a human
immounoglobulin light chain locus sufficient to encode a functional immunoglobulin light
-~ chain stably integrated nto the genome of at least some-of its cells, the method

comprising the steps of:
(a) producing a non-human mammalian ES cell according to claim 2; and
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(b) transferring the selected embryonic cell into a host blastocyst, implanting the
blastocyst in a pseudopregnant non-human mammal recipient, and allowing the

blastocyst to develop to term to produce the chimeric non-human mammal.

4. A chimeric non-human mammal having at least a portion of a
human immunoglobulin heavy chain locus sufficient to encode a functional
immunoglobulin heavy chain and at least a portion of a human immunoglobulin light
chain locus sufficient to encode a functional immunoglobulin light chain stably integrated
into the genome of at least some of its cells, wherein the chimeric non-human mammal is
produced by the method according to claim 3.

S. A method of producing a transgenic non-human mammal and its
progeny having at least a portion of 2 hurnan immunoglobulin heavy chain locus
sufficient to encode a functional immunoglobulin heavy chain and at least a portion of a
human immunoglobulin light chain locus sufficient to encode a functional
immunoglobulin light chain stably integrated into the genome of its somatic and germ
cells, the method comprising the steps of:

(a) producing a chimeric non-human mammal according to claim 4; and
(b) breeding the chimeric non-human mammal as needed 10 produce the

transgenic non-hurnan mammal and its progeny.

6. A transgenic non-human mammal and its progeny having at least a
portion of a hurman immunoglobulin heavy chain locus sufficient to encode a functional
immmoglobulin heavy chain and at least a portion of 2 human immunoglobulin light
chain locus sufficient to encode a functional immunoglobulin light chain stably integrated
into the genome of its somatic and germ cells, whercin the non-human mammal is

produced by the method according to claim 5.

- = = —---— - ~7;-The-mcthod according to any one of claims-1,3-or 5; the embryonic - - - --

stern cell according to claim 2 or a non-human mammal according to claim 4 or 6,
wherein the portion of the human immunoglobulin heavy chain locus is a DNA sequence

identical to the germline DNA sequence of human chromosome 14 from the D segment
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genes of the human immunoglobulin heavy chain locus, continuing through the J segment
genes and the constant region genes through Cp of that locus, wherein said DNA
sequence does not include a gamma constant region, and wherein said DNA fragment is

opcrably linked to at least one human V segment gene

8. The method according to any one of claims 1, 3, 5 or 7, or the non-
buman mammalian ES cell according to claim 2 or 7, wherein the genome of the non-
human mammalian ES cell comprises at least one inactivated endogenous
immunoglobulin heavy chain locus, where in the locus is inactivated to prevent
rearrangement of the locus and to prevent formation of a transcript of a rearranged

immunoglobulin heavy chain locus.

9. The methods or non-human mammatian ES cel] according to claim
8, wherein the genome of the non-human mammal ES cell further comprises at least one
inactivated endogenous immunoglobulin light chain locus, wherein the locus is

inactivated to prevent rearrangement of the locus and to prevent formation of a transcript

of a rearranged immunoglobulin light cham locus.

10.  The chimeric non-human mammal according to claim 4 or 7,
wherein the genome of the cells having a portion of the human immunoglobulin heavy
chain locus and a portion of a human immunoglobulin light chain locus comprises at least
one inactivated endogenous immunoglobulin heavy chain locus, wherein the locus is
inactvated to prevent rearrangement of the locus and to prevent formation of a transcript

of a rearranged immunoglobulin heavy chain locus.

11.  The chimeric non-human mammal according to ¢laim 10, wherein
the genome of the cclls having a portion of the human immunoglobulin heavy chain locus
and a portion of 2 human immunoglobulin light chain locus further comprises at least one
inactivated endogenous immunoglobulin light chain locus, wherein the locus is -
inactivated to prevent rearrangement of the locus and to prevent formation of a transcript

of a rearranged immunoglobulin light chain locus.
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12.  The transgenic non-human mammal according to claim 6 or 7,
wherein the genome of the somatic and germ cells comprises at least onc inactivated
endogenons immunoglobulin heavy chain locus, wherein the locus is inactivated to
prevent rearrangement of the locus and to prevent formation of a transcript of a

reatranged immunoglobulin heavy chain locus.

13.  The transgenic non-human mammal according to claim 12,
wherein the genome of the somatic and germ cells furthor comprises at least one
inactivated endogenous immunoglobulin light chain locus, wherein the locus is
inactivated to prevent rearrangement of the locus and to prevent formation of a transcript

of a rearranged immunoglobulin light chain locus.

14.  The methods, non-human mammalian ES cclls, chimeric non-
human marnmal or transgenic non-human maromal according to any one of claims 8 to
13, wherein at least one endogenous immunoglobulin heavy chain Jocus is inactivated by
deletion of all of the J segment genes.

15.  The methods, non-human mammal ES cells, chimeric non-human
mammal or transgenic non-human mammal according to any one of claims 8 to 13,
whercin st least one endogenous immunoglobulin kappa light chain locus is inactivated

by dcletion of the Cx gepe.
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