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Applications This application clains the benefit of a previously filed

Provi si onalywli@pidsgAt i on No. 60/101, 083 filed Septenber grméhiskssi S hereby
i ncorporated by reference. 10 Field of the Invention The invention relates -
to a fusion protein having a first and a second nenber, wherein the second
menber of the fusion protein assenbles into a nmultiner and the other

menber is chosen, or.nodified, such that it pronotes assenbly of the second,
menber into a preselected or an optinmal nunber of subunits. 15 Background

of the Invention Fusi on pSUBENIEOPAIMIZED FUSIONPROTEIN®erti es of distinct
proteins. E.g., a fusion protein can conbine the targeting property of an

anti body nol ecul e-with the cytotoxic effect of a toxin. 20 Sunmmary. of the
Inventionsin general, the inventi oge@flappiRations Met hod of making a fusion

protei n havi ng: | St .ne ar,

i munogl obul i n. s&Bﬁﬁ lic %°’b°qu§W°%F‘?ﬁﬁ5ﬂ%’gﬁ’%ﬁ%ﬁyﬁg‘bﬁ’w&ﬁ%ﬂgﬁwS‘h’t
chain, or a 60/184,08hfiled Septemnbez 1§, 1988, ovhichds herehydugospor@edibyrmsference. g. , an
enzyne, e.g., atoxin (e.g., an enzyne or toxin subunit). The first and
second nmenbers are chosen such that the fusion protéin assenbles into a
conpl ex having a nunber of subunits which optimzes activity of the
mul ti merg@ form of the second nentRield of he plerfior r ed enbodi ments the first
menber , or t he fcrh'eMemioﬁta&testoafmﬂ;irmmihahﬂgaﬁfsoarmadaeotidmmﬂeﬂ sanme

nunber suhuni.ts as a IR an active ive of the
30 second rré’ﬁl?éel’ a‘F ?‘i’?’&'?‘f’ Bﬁ?m%ﬂt?’?af%bﬁpg‘fé%%ﬁm%& Erfu5| on
protein, ashdiber B&hosah,cbrmoﬂma;l shélvthagt proinotes ssséthibly bftht bvondunemperdment | n
an active, %% tive, .form of(g[ h'wl?econd menber. WO 01/ 19842

glecte B

PCT/ LJS00/ 2 3 B?’@?IM Brents, the fusion protein assenbles
into a cosplex, e.g., a di-

Background of the Invention
Fusion proteins can combine useful properties of distinct proteins. E.g., a fusion
protem can combine the targeting property of an antibody molecule- with the cytotoxlc eﬁ‘ect
ofa toxm
20 '
Summary of the Invention
In general, the invention features, a method of making a fusion protein having: a
first member, e.g., a targeting moiety, e.g., an immunoglobulin subunit (e.g., an
immunoglobulin heavy chain or light chain, or a fragment of either) fused to a second
25 member, e.g., an enzyme, e.g., a toxin (e.g., an enzyme or toxin subunit). The first and
second members are chosen such that the fusion protein assembles into a complex having a .
number of subunits which optimizes acfivity of the multimeric form of the second member.
_In preferred embodiments the first member, or the fusion protein, assembles infoa form
| havmg the samie number of subunits as are present in an active, e.g., native, form of the
30 second member. In preferred embodiments the first member, or the fusion protein,
assembles into a form having fewer subunits than are present in an active, e.g., native, form
of the second member.



tri-, tetra-, or higher multi-neric conplex. Preferably, the fusion protein
assenbles into a diner or a tetranmer. In preferred enbodi nents, the fusion
protein ass‘gngm fo34d Nt O a conplex having 5 enzymatic act iporiuseissssa

preferred e ocfl ment, the first nmenber is a nononer. E.g., it is a species
which is normally nononeric, or which has-been nodified, e.g., by nutation
of a site which nodulates formati on or mai ntenance of a nultimer of

subunits. |In song psefenéi dRtbdEndntiethe FMUATR6tEE afsembles inte!s edmiplehegqusb, i t does

not prevent formation of a pultinmer by the 10 second nenber. ]n anot her
preferred e%’@?ﬁ“’ﬁbﬁﬂ?‘%ﬂﬁ@“ﬁ'ﬁ’@%@ﬂ!@z R’%ferég]Vdi?ré“s’é’n@F‘ﬁﬂﬁP‘;“@.]&?l,nt%a

het er odi mer @heftpdadlaief.- E 9., it is a species which is normally dineric,
or which has been nodified, 'eén%;,’ by .mutatjon of a,site which podul ates
formation or rai M eeiredenodiments, theifpsiongroteinigsismbles inte 2 GempIPREAVINE | n sone
enbodi meng s ficTBtvilg. formis useful 15 because it does not prevent
formation of & multiner by the second nenber. In preferred enbodi nents, the
fusion protein hisapueredpmbadimentythe firstmempey iy a onomercE.gy it iss spREieR?,
wherein R igpig hbeddall SthericS owhickfas' ISR BOEEQD blg!, By 444418k bf a Sitel whidh
peptide linker and R2 Ts a second nenber, e.qg., an enzyme subunit.

Pref er abl y, mmdulates fexmation WMMPMGWNPNMG%GW@@. In sgme gmbpdimenis the or
linked via il forn!iSNisefinl becRudeiEdoRs st FHeZROS Sf a duliffindel bpdhe O the
second rrenbg?a%@e%lﬁgo#ds{&gn proteiln, or %Beglgﬁ are ITDdiafiQd lg'y,yse?g.,
subst it ul® ngeeondarember.ng, a portion of the am no acid sequence. In a
particularly pre Q;yi'g i WoleN £ b RorddGl didlesr. 8.of L St
menber which is fhgélt{oiﬂgrzjgéger gﬁﬁi’?f’ mﬁet’ng{g?ha reg{bg{ ably an Ig Sl:lpl%r’llht, whi ch
has been nodieferwiimer®r hompdimer. Bi..fitis prapacies whichas nammaliydimeric.fop wiichday). | a

tetramer! ¢ HQkinofiEd 812 By nddtfSn WPALd WAL BBdudtl bnaritd Br Reininfli2 008

i nsertion, of “one or nore amno a residues, results in a
subuni t whi chultimerof subunitsptorhealimerict iIneomexmbgdingntsithe dimeric fosmds ussfder

mul timer ;th [ e s r b thel QEJHR nenilleft € rather than
a tet ram!}. a’%‘r’é#%}tgg{swg¥¥é§g¢gﬂa%%@%?gtbgs efsgr mat 1 on egr mai nt enance of
anmultineric structure is 30 nodified and thereby wholly or partly

i nactivated. ‘E. g. Welgm 'ﬂﬁu-p ﬂﬁﬁ!s' i BP84%. R2L-R1:
PCT/ USCQ 25558 }%p %&%ﬁ%%‘%‘g&l@‘%@?}l&a ea%{ec al nh{2= e. g‘ﬁg’ %ﬁg’%’ rI%eL Fé’gi on,
i s nodi fi ed, R2Rgj; gr RleR% twhrein Rl isladizst member, e.g., an immunoglobulin subunit, L isa
peptide linker and R2 is a second mpmber, e.g., an enzyme subunit. Preferably, R1 and R2
20 are covalently linked, e.g., directly fused or linked via a peptide linker.

In preferred embodiments, the first or the second member of the fusion protein, or

both are modified by, e.g., substituting or deleting, a portion of the amino acid sequence.
In a particularly preferred embodiment the fusion protein includes a first member which is
an Ig superfamily member, preferably an Ig subunit, which has been modified to inhibit

25 formation of a multimeric form, e.g., a tetrameric form. Preferably the modification, which
can be a change, insertion, or deletion of one or more amino acid residues, results in a
subunit which does not form a multimer or which forms a lower order multimer that it
normally would form, e.g., it forms a dimer rather than a tetramer.
Preferably, a region which mediates formation or maintenance of a multimeric structure is

30 modified and thereby wholly or partly inactivated. E.g., a portion of an immunoglobulin



enbodi nents where the hinge region of the i munoglobulin is nodified, e.g.,
renoved, the nodified inmunoglobulin is nonovalent. In preferred

enbodi ment s,wobgeszadi fi cati on of the first nmenber inhibitsBct/bsbssassenbly
of the first nenber, or the fusion protein into a multinmer, e.g., results
in the production of a nonomer, or, e.g@3-of a dinmer, where a higher order
multimer would otherwi se be fornmed. In preferred enbodi nents, the first
menber i s a sebugitt e.ggahbhepypthaig eg., xhed:mgelrggmpisimhdiﬁddamg.r@plmdnilgﬂmaéfi nity

eboai mont <, “PRalierE P e sl o AR HRba R VhoHinee Sy BBV EL Rl Cor

e.g., an ant ngdifiedimchunsglidbuliyivmmmotdient.eof . Preferably, the inmmunogl obulin

is a nonoclonal ant nonocl onal
antibody; or a r r?%’%ydm‘”ﬁ@%‘éﬁ%’éﬁ@m 0{}88{}]1*‘5%5?@%@@519’9&?%‘}1 nonocl onal
anti body iss asseiblyof thefirst hiber, bntheﬁhﬁnpﬁimOﬁﬁmmm:nei Iasg Fesalsinake|
anti body is a reconbi.nant anti body ug g F r a_humani zed
anti body (e. groduction|of a menomer; afy €¢.g.; ‘Pfégﬂ #F W ?CQPIE U ROB ent ari ty

. determ ni ng bheivwise He@blided. deri ved from a non- human ant| body (e.g., nmurine)

br oduced | hunmn AWIRUERR SO ments, e Hesbe iy UABENE 285t SR BRI ch
|tncl udes a maga?gbmwﬁrawgaa%r@aﬁmay,&mﬁﬂmm mal , he g., a

tr ansgeneland o | GRS Jor e HEEhe (P RmamIOREA T § Bt 1) | 1
preferred enmpegofie! tsnaﬁdgentin fragﬂaﬁthetesfaméﬁhmymamuwgldbaﬁwa(e g., an

lgd@ or IgHA antl i nc] udes onl an ant i rtlon (e. g ,
a Fab, F(ab' menogiep ?“%%mg’sFﬁg?E ?*)mg%ﬂaf QFPed
enbodi nment s, rac&ﬁbihaﬂts&onaamaﬁanub&yarmmupqaé plkddidhabdnlibeytis 53&@53 ed from

the group consjstin f a subunit of : lgHA),
IgM 1 gAl,  fikedy.| gther @e%@entwmrlg@ Srmg«ﬂséasagwmbw%@amﬁ%ﬁoeg& -gbul i n
subunit i3 aéhdns&br&qhmud@naedy(ég@haémmm%m&hmd 25558 -4 In
preferred enmbodinents, the first rre&‘glP%l s.a norrEJr a.single chain

ant i body; or cquapleppeniarily dgtqrmining region Fie‘B‘Fd ;8100 BbeRY BBy chai n
and a |ight murine) with the remaining portion(s) are human in origin); or a transgenically produced

human antibody (e.g., an antibody produced by a hybridoma which includes a B cell
obtained from a transgenic non-human animal, e.g., a transgenic mouse, having a genome

20 comprising a2 human heavy chain transgene and a light chain transgene fused to an
immortalized cell).

In preferred embodiments, the first member is a full-length antibody (e.g., an IgG1
or IgG4 antibody) or includes only an antigen-binding portion (e.g., a Fab, F(ab")2, Fvora
single chain Fv fragment).

25 In preferred embodiments, the first member is an immunoglobulin subunit selected
from the group consisting of a subunit of : IgG (e.g., IgG1, IgG2, IgG3, IgG4), IgM, IgAl,
IgA2, IgA.sub.sec, IgD, of IgE. Preferably, the immunoglobulin subunit is an IgG isotype,
e.g., IgG3.



chain. In preferred enbodi nents, the first nenber is a nonoval ent anti body

(e.g., it 5 includes one pair of heavy and |ight chains, or antigen binding
portions theoepfossz | N ot her enbodi ments, the first nmenb®CTUSKMSTSE ent
antibody (e.g., it includes two pairs of heavy and |ight chains, or

antigen binding portions thereof). In preferred enbodiments, the first
menber i ncludes an i munogl obulin heavy chain or a fragnent thereof, e.g.,

ﬁn ant i %e_n bi nd}h@rcﬁeggtmnhodhmwetbeﬁrﬂmmmmomm,m,#m’ lndginbul ihn )
eavy chain ¥ e ' . t hereo
e niced, " aiiponttt il Sl o e of ot ApiRhogdRyR B Ul RO | €70
enzyne. Prethaimbly, the | mrunogl obulin heavy chai n-enzynme fusion protein

i s capabl e of asw&%g en %I Qna [ bod g to -,
tetra-, or nulti ﬁawﬁ zy?rralg n‘@ m?iofl'(ﬁ m)st
preferred f drchades omti pairrof heairﬁaxid*ilght eifams,rcﬁdn&gdndﬂhdu@pomons therebt)r $i othember

I ncl udes an _i nog| her eof. ...a
antigen bin %#rs{}ﬁg?e%i%dwag%h%% %j{?tgggﬁ ‘H‘t‘%?“’%*"“ﬁ"ga%é’xtﬁ'@her eof
(e.g., ?nba:ngh@ﬁa:nhlond;ﬂgnbin&gjlg@mhomeaj) .| Pr ef gr ably, the .

i mmunogl obul i n avy. chain i.s nked, e. ed via a e |linker or
directly fused, f"&'gfﬁﬁeiﬂaweﬂbré?gk%me&]’éﬁl “‘ﬁﬁé&&f‘“?’?ﬂf‘&%ﬁ%‘gﬁwn heavy
chain -enzymﬁuséﬁfgnmhoﬂ)eﬂeﬂf eg., ﬁsaﬁghilﬁiﬁding&ngﬁcdtﬂ@febf@raﬂeﬁblyﬁﬂng to

Compl ox Fay FRGUEHISHIS RE el i Shermsiubemtt 5y o e BRGPR et erD | n

preferred eﬁmﬁdsem Slmkéd'lﬁaﬁpé]ﬁx‘de ke 6fF is dire ARy ﬁxmaegbﬂymhj Brefelﬂdily,lﬂf& eracts
with (e.g., blndgi a ce surfarcﬁ%antétgen on@ ﬁgeg'g cell, e.g., a
cancer cel | ImEypo peavy chyin-enzymg 104S CAPAPRIE of a5Sembling o & o |

anti gen, e. Gunctiill Edriyslexn)lgy @ di- Cmaﬂéﬁﬂ%n{ﬁ&ncMI&Eh&&geh@ﬁnﬁé”eu’

epi dermal grow h ctor r ce%tor transferrin receptor, anong others. 1In

preferred eRBHAYneAt Qo Ao SIS | ocal i zes, e. g., increases the

concentrgg i on of ln;aefeﬁedaﬁboaﬁﬁn&gmeﬁmmemm&mdés%mﬁ;aﬁ@mbun@héme- g., a
cancer cell. ef err odi ment s, the econd rrergg upunit. of
an enzyne, &h ‘Bno ﬁ&v%@"“@ﬁ‘é ‘B %mi‘ﬁlﬁ‘lﬁﬁ ng HAytic

subuni ts). Bragﬁa&hmwrébf(églea:ﬂaﬁ dﬁﬂ)mcﬁ%ﬁdgﬁ{eﬁﬂ@e:%ﬁ Pﬁfe@efb@f glel y two, nore
preferably three, ef era four subunits. A W) 01/19842
PCT/ US00/ 25%@%0%0[@@%1%( shm%ﬁﬂ inked, £-8.» fiaked via 8,pptide linkex er diteotly fused, f0,rmn

beta gl ucur QRieAlARR. PIEGaRP AN RscdaMmunoglobulin heavy chain -enzyme fusion protein
20 assembles with a light chain, e.g., to produce a functional complex, e.g., a di-, tri-, tetra-, or

multi-meric complex having enzymatic activity. The most preferred form is dimeric.

In preferred embodiments, the first member is an immunoglobulin that interacts with
(e.g., binds to) ﬁ cell surface antigen on a target cell, e.g., a cancer cell. For example, the
immunoglobulin binds to a tumor cell antigen, e.g., carcinoembryonic antigen (CEA), TAG-

25 72, her-2/neu, epidermal growth factor receptor, transferrin receptor, among others.

In preferred embodiments, the first member localizes, e.g., increases the
concentration of, a fusion protein in proximity to a target cell, e.g., a cancer cell.

In preferred embodiments, the second member is a subunit.of an enzyme, e.g., an
enzyme having one or more subunits (e.g., catalytic subunits). Preferably, the enzyme

30 include one, preferably two, more preferably three, most preferably four subunits. A



be a hono-, or a hetero-multiner. If the enzyne is a heteromultiner, two
(or nore) fusion proteins are needed to formthe active product. In
preferred erfapeiymwents, the second nenber is capabl e of cOPERVINRFH
precursor 5 drug, e.g., a prodrug, to a toxic drug. In preferred

enbodi nents, the first nember is an i mulogl obulin G (1gG heavy and |ight
chains, and the second nenber is human bet a-gl ucuroni dase fusi on protein.

I'n pref er r edprefetredienzame és betargluquragidase .gi, o human beta-glnousenidaserFhe enzEnesna no
act d - SCqUeNpe, fin/\ifheldh-mlilites 1F ficCrbiidibs hiase m&l&ﬁ%g’g% ol e

first nmenbe as an am no acl d sequénce a east 60% 5% nore
pref erably aproteinaste 88ded torform theractiverprodugt.at | east 90% nore preferably at

| east 95% nost I

honol ogy (\)NI th an%%;e%%r?egm g‘is“é‘éﬁ%?%e*‘%%’r@gﬁﬁg gur Zﬂ#gﬂ?g?@q ?%Lé LNéreﬁﬁgorl n

pr ef er r ed 5endrogiengera modrugydo & togistdrughai n of the first nenber has an am no

acid 15 sequence n

Froure | B (SEQ | B ABEeS caBiRER, Mo Bertiinls finabRARE Buhilly |

the first nea‘ﬂddrghfmmnwmdmemmwdmdmbmqhmewﬂucwmmwp im

nucl eoti de seque e 609% Uy . 159 gast 85%

nore preferably 3 "Zeé%ef‘ 8%6}11 ‘heg‘P%‘Féhr“g @%&%ﬁé@%&a@t preferab?y

a’:] | east 98§équ&98/amMnﬂhgurddaB($EQIleGﬂ))nﬂ§edlgmohmnloftheﬁmmsmberdlasalequence

sowangureZOlB LD "o, or 4 | D NO 37
10 pamino ac‘ud ngé lfast ﬁ?ﬁ,&@ﬁ, ﬁ%ﬁ, more ef&ablg F852A: (n§o'§9 )

t he |ight*¥ch m no se uence that is
encoded by aprefefablyat ledst %ﬁqmefumet&auy at least 8590 abbst pmferdby;bat |le#s12989(g 99%der

stringent conditions to the nucleptide.se
preferred enﬁ&ﬁ“ﬁ%ﬁf‘éﬁwf’ﬁ%"%é"eﬁy %l%%{gﬁﬁﬁiﬁ&m:%rﬁg én ani no
acid 25 sequNOE. as shown in Figure 4B (SEQID NO 6, 7, 8, 9, 10 and/or
~11), or Figure 5 and \é}; gnﬂ of the
first nenber has %ﬁ ﬁ&mgﬁﬁﬂg%quelfég Aﬁﬁed}?g%ﬂgﬂﬁ}%}éﬂ irfdl;re
pref erablyy ageqheniasthaib encodarty m]fewatshquem ds shoven i FigurentB SEQIENOr )bl v at
| east 95% o qu r honol ogy
wth an am nw¥a%9@@&ﬁﬁvéﬁ?%%%ﬁﬁg %%%%?‘EQ%I%J% (}%}KPQ 10
and/or 11), ue’ﬁeeﬂiagsl em:o&:(lﬁl‘i@ub%ﬂhseqﬁbﬁcelmwlﬁ 6a%I70%, 7589, mogg wrbferabmo
01119842 PCT?RIS
lﬂ WSZAE,' more preferably at least 90%, more preferably at least 95%, most preferably at
least 98%, 99% sequence identity or homology with a nucleotide sequence shown in Figure
20 1B (SEQID NOs:2, 3, or 4), or Figure 2 (SEQ ID NO:37); the light chain of the first

member has an amino acid sequence that is encoded by a nucleotide sequence that is

capable of hybridizing under stringent conditions to the nucleotide sequence shown in
Figure 1B.
In preferred embodiments, the heavy chain of the first member has an amino acid

25 sequence as shown in Figure 4B (SEQ ID NO:6, 7, 8, 9, 10 and/or 11), or Figure 5 (SEQID
NOs:13, 14, 15 and/or 16); the heavy chain of the first member has an amino acid sequence
at least 60%, 70%, 75%, more preferably at least 85%, more preferably at least 90%, more
preferably at least 95%, most preferably at least 98%, 99% sequence idéntity or homology
with an amino acid sequence from Figure 4B (SEQ IDNO: 6, 7, 8, 9, 10 and/or 11), or

30 Figure 5 (SEQ ID Nos:13, 14, 15 and/or 16).



In preferred enbodi nents, the heavy chain of the first nmenber has an am no
aci d sequence that is encoded by a nucl eoti de sequence as shown in Figure
4B (SEQ | Dyshi/PRe2 Or Figure 5 (SEQ I D NO 12); the heavycrhsowessss t he
first nenber has an am no acid sequence that is encoded by a nucl eotide
sequence at |east 60% 70% 75% nore pibeferably 5 at |east 85% nore
preferably at |east 90% nore preferably at |east 95% nost preferably at
l.east 98% 99% §aqw'¢mdehﬂteﬁmw,ﬂwhdawmﬂahmfﬁdﬁMmemwhamiadénmence

shown in F| Ei heavy
chai n of the ﬁﬁtl{s%(gd&ﬁbﬁ a%b%é)ﬁs ueggelr s@%‘gﬁ?&éﬁfﬁppéébwgbd by a
nucl eoti de mdt;gmaéeéSEQﬂDNQ;ll)ﬂbahéasyoﬁa@qﬂlbe ﬂrstmﬂgbﬁ:lh@lnﬁﬁmo agdnt
conditions to the.nucleoti e shown .in Fi 0, 0r 5. .10.In a
o of e r oq cIRRBHCE & eieheed B F BERETseRiearE ol Yl Pondhd prefbib | he
pepti de I5i nhﬂeashm,antﬂe prrefenablycat ddastt 9085, inokd mufeﬁylycalmast@s%c moitipeeferably at t

St andIhes d nenber relalveto

|1 f he f
Gach ot hor ;e b 0k R dehfy o SRR Wi R R wles o R g o
interact w 4B (SE@ID NES), armglhes $SEQIDINGCE)2)] the healvy dsairt b&ehéﬂstmanwchhel nto

forma conple ric c e t hat
retains eg 3 '&‘Ba‘%g %gg%xsea??geégy?pu%oﬁ%ﬁe@ge% ‘:ﬁ@ap& o8 rXZissean y
of the fUSIﬁybrﬁfzmigamaeﬂsﬁingemmomﬁon%%theﬁﬂmmes dqﬂen’i:elﬂliﬁxﬁh dsment :

t he fusi nprot | i nkey .and. the pe ellnker is 5
to 60, nire pre We%ﬁ‘sbf’gingeg %ﬁ’% piptetpdnlydes a peptide apdhei de 1 nker
is 20 am no udﬁnkeahis%ebhmoiefwtmealdvd@g thafeRfistics: d)At ﬂmffoﬁﬁé fbSation

| engt h; eaceﬁgf thea{g% ISZIdOaldsmthe petﬁtlg) |inker is _selected from
the group cBffes arstand m reladiye torgaph oher; bl 15 resistant p.digesion BY nker
includes a ﬁo;eaﬁe{c)eddaeﬁutmtérabmmwiaw&%mmw d)ﬁﬁllowbhﬁ fidisn otV L €1 N

I ncl udes a ;)oggtlde ker %nd t he peptlde i nker i/ncl udes a seguence

havi ng t he HFPRP E‘T‘gG iy teftpy, ormylfomegicsomiplexy thatyetains epzymatic y - 5 g,

7, or 8. 15Prafﬁertﬁtahue)ﬁ mdBR 18R bﬂﬂ&%s&d&@éﬂﬁﬁﬁoﬁﬁﬁ%‘ﬁ%ﬁ%ﬁ@ the 25
formula (Ser- y-GQvy)3. referably, t he peptide linker includes a

a
sequence ha%’ﬂazxthe formula ((Ser-Ay-Ay-Ay-Ay)3-Ser-Pro). In preferred

enbodi ments, 't hanalp‘i’éf&PedFHiﬂUo&ixﬂént &e%ﬁ&&ﬁﬁféd:ﬁ&@d@'a@éﬁﬁde)lmk&aﬂdthe produced
in a host cell (e.0 | tured cell) matransgenlc anlma e.g., a

transgenic PWHW?EW“&“@{SB@W%&Q@%Q I WO
01/19842 PCE2gaaicaerién length, the peptide linker is 17 amino acids in length; each of 1he amino

20 acids in the peptide linker is selected from the group consisting of Gly, Ser, Asn, Thr and
Ala; the peptide linker includes a Gly-Ser element. ‘

In a preferred embodiment, the fusion protein includes a peptide linker and the
peptide linker includes a sequence having the formula (Ser-Gly-Gly-Gly-Gly)y wherein y is
1,2,3,4,5,6,7, or 8. Preferably, the peptide linker includes a sequence having the

25 formula (Ser-Gly-Gly-Gly-Gly)s. Preferably, the peptide linker includes a sequence having
the formula ((Ser-Gly-Gly-Gly-Gly)3-Ser-Pro).

In preferred embodiments, the fusion protein is produced recombinantly, e.g.,
produced in a host cell (e.g., a cultured cell), or in a transgenic animal, e.g., a transgenic
mammal (e.g., a goat, a cow, or a rodent (e.g., a mouse).



In preferred enbodi nents, the fusion protein is produced in a transgenic
mammal (e.g., a goat, a cow, or a rodent (e.g., a nouse). Thus, the nethod
further i ncligl@siess2zprovi ding a transgeni c ani nal, whi ch i PER/USISSSSS
transgene which provides for the expression of a fusion protein described
herein; allowi ng the transgene to be 5 eXdpressed; and, preferably,
recovering fusion protein, fromthe mlk of the transgenic mamual. For

enbodi nent s wher entpreferfed embodiments shefusion proteifis prdduced in g raisgeti¢ pammal f usi on -

protein can further i ude: I Glurth cretion
of the fusion pr%gi’ﬁgg}lé‘iag&:‘"’grﬂ&g&(e 1%'{?&80&1%@§§Er%tﬂ{eg prc?%%?lr‘tﬁ é.g., a
signal froma pr cprehdmgeu'amadcammd whickmcmdemtransgmmwbghtptnyidenfos&pr etory

the am no- T er m neBRas afg T il RE 5l dRfrnsfegRueP 01 ) 01 O
secreted isnto m Idxprewed,eand,lpnfemblylmbnylenmgﬁ:smmpqotennﬁbmthemﬂkbfthn e.g., in
the mlk of a transgenic nm |, of the fusion protein. 15 In preferred
enbodi nents, the %@?n is made in a manmary gl and of the
transgeni ¢ mamral Forembodiments where ditifusien @oteinds prodiiced trarsgenierlly, the fasioh er r ed
enbodi nent s, the fu 8@»;&%'” I's secreted into the mlk of the

t ransgenic BRI Z“'g’ m nant, e.g., a dairy aninmal, e.g., a goat or

a cow. In preferraﬁﬂgrﬁlﬁé@ﬁhnﬂ@ﬂhﬁhdir&b&thuﬁbﬁﬁoxpdiﬁlheﬁmoi\prmUefgt,adiginﬂto t he
mlk of a tr eni c ncentratlons of at | east about 0.1

my/m, 0.% si“?feqtff ma(rfn;g rﬂ%“ﬂ‘l Aigecreted fto milks & af 1y or hi gher .
In pr ef err edmgglomm@cmmmmg ad prot e| n i s made under t he cont r ol of a
Tk ser am prot e (SRS agees St iaboden eueii PR PEpton of e ASIBRIN (o be
R 1§ Ty vyl v it pcryie ?e"?“‘;‘“;‘eé‘“"“é‘;‘t p
Easel n pr ome?tﬁsﬁfegP’é'Per%an?éﬁP? ﬁ@%é’ggﬁgg t?he
fusion prptei n | Sinrefetfeld @mbodiARhne, hOfiSioh pteins ntlde inOhartaary glai)l oﬁﬂkl onal |y,
an insul ator trans éjn?cnxﬁaemmLII I Ig %{984% gIgCT/ USOO’ 255. 58
In preferred embodiments, the fusion protein is secreted into the milk of the
transgenic mammal, e.g., a ruminant, e.g., a dairy animal, e.g., a goat or a cow.
In preferred embodiments, the fusion protein is secreted into the milk of a transgenic
20 mammal at concentrations of at least about 0.1 mg/ml, 0.5 mg/ml, 1.0 mg/ml, 1.5 mg/ml, 2
mg/ml, 3 mg/ml, 5 mg/ml or higher.
In preferred embodiments, the fusion protein is made under the control of a
mammary gland specific promoter, e.g., a milk specific promoter, e.g., 2 milk serum protein
or casein promoter. The milk specific promoter can be a casein promoter, beta
25 lactoglobulin promoter, whey acid protein promoter, or lactalbumin promoter. Preferably,
the promoter is a goat 3 casein promoter.
In preferred embodiments, the transgene encoding the fusion protein is a nucleic
acid construct which includes:
(a) optionally, an insulator sequence;

il



-8 (b) a pronoter, e.g., a mammary epithelial specific pronoter, e.g., a
mlk protein pronoter; (c) a nucleotide sequence which encodes a signal
sequence Wiyt direct the secretion of the fusion prorasen2sss8g. a
signal froma mlk specific protein, or an 5 i mmunogl obulin; (d)

optionally, a nucleotide sequence whi ch8ncodes a sufficient portion of the
am no term nal coding region of a secreted protein, e.g. a protein secreted
i-nto mlk, or an(b)apsomotet e d mammarg epitelial sperificyirbmater, €.gg a2 milkproteim i | k of
a transgenic mammal, of the fusion protein; 10 (e) one or nore nucleotide
sequences WP ncode a fusion protein, e.g., an immunogl obul i n-enzyne

f usi on ]E)r ot ei n a@) diawidotideskqiacewhich aﬁuddésfa)si@aweq\maﬁé ilzvhi,blla amﬁlirepl:ct_hds ansl at ed
region froma nm ene el.ial specific gene,
(e.g., am Fﬁ?’eﬁ‘f’gngﬁlhﬁgﬁ é’f°te‘PTF%Péﬁg€?lﬁ’B”bW§55?e§’é%?p§° ‘81%' nts a (if

present),5 bim@undgldbufin;pr esent), and f of the 15 transgene are fromthe sane

gene; the el enen pre ent)), pres and t he
transgene are fr@if’?%g}ﬂ ?@85@“?8’?"%&3@%“3‘&&@2"5?%?°§ uence, the
pro {rﬁf Ie_r | s mwart&ﬂmmf do(ﬁxkgenémn ofd §e6ﬂ%&¥l?i‘&éin,%§gﬂuﬁf&ﬁn SethetdieinforngiIR, 8r s NTIRI Y
epithelial specifi

e ... a mlk serumprotein or casei ene (e.g.,
a 3 casein yampyogl "I%Fgﬂ’é? %!Eﬂvgfsecfeh%nsgﬁgﬁhﬁhe%lg éﬁ'&'é‘ge‘flﬁg‘aﬂﬂ‘qﬂiﬁfgﬁe ence
and the 3' ypkdigns! ated sequence are froma goat (3 casein 20 gene. In

preferred enbodipents, the prompter of the transgene is a, manmary
epithel il spect® 9‘%9%'%{“@““@ sgquenges,yhich engods  fsion prosin F- gea%el n

pronoter (€jfm eFniogr6teih as ddseBbedteteis g€ f i C pronpter can be a
casei n pronoter, eta Iacto | obul i n pronoter, whey acid protein pronoter,
or lactal bumi n pbeptienally)s fuamwdr%aa@%%magml@naﬂtjo% » 3 WARESE| n 25

pronot er. |@plgfegﬁgﬁécﬁﬂ,%@H@Q@gnﬁﬂﬁlﬁpr&aggéﬂmﬁnal sequence encoded by the
transgene i s an anino erm nal sequenceé ich directs the_ expression of

the protein to trefenedqmhodiments, @@F?ms Biif present), b, ped @lnresengapd fafkthe Foy
exanpl e, 14 Ngasdbaftake £6iH UR\aRe pid; BE cRBkAS Q%‘fl?fe&é?ﬁﬁ' B, Hmﬂﬂi)oﬁﬂlﬂo@the

protein. Preferably, the signal Sequence is froma protefin which is
secreted 3{ransgens arfEomitwe or morg genesy Borgxpmplesthe signal peayense the prapmiofes| .

sequence and the 3° untranslated sequence can be from a mammary epithelial specific gene,

e.g., a milk serum protein or casein gene (e.g., a B casein gene). Preferably, the signal

sequence, the promoter sequence and the 3’ untranslated sequence are from a goat f casein
20 gene.

In preferred embodiments, the promoter of the transgene is a mammary epithelial
specific promoter, e.g., a milk serum protein or casein promoter (e.g., a p casein promoter).
The milk specific promoter can be a casein promoter, beta lactoglobulin promoter, whey
acid protein promoter, or lactalbumin promoter. Preferably, the promoter is a goat (8 casein

25 promoter.

In preferred embodiments, the signal sequence encoded by the transgene is an amino
terminal sequence which directs the expression of the protein to the exterior of a cell, or into
the cell membrane. For example, the signal sequence can be obtained from an
immunoglobulin protein. Preferably, the signal sequence is from a protein which is secreted

30 into the milk, e.g., the milk of the transgenic animal.



WO 01/ 19842 PCT/ US00/ 25558 -9 In preferred enbodi nents, the one or nore
nucl eoti de sequences encoding a fusion protein include one or nore of. a

nucl eoti de sggugieL encoding a first nenber, e.g., an i nponUsoassssi n heavy

chain (or an antigen binding portion thereof) operably linked to a second
menber, e.g., an enzyne; (optionally) a-®ucleotide. sequence encoding an 5
I mmunogl obulin light chain (or an antigen binding portion thereof), or

both. In one enbh(ﬁrcfmﬁdembbdimnwthobﬂmmmmhowsmcﬁsmgcddhgarfmimy chain -

fusion and the L vel ingle construct,
g 2" ot ngPi Bihaf O of mofl ¢ PREIQ Baientd BE8dnd SR SRR EodE Coc
encodi ng thenhaanoglobhhn heaf/yjdlam(oamhmgmlhncghgpormn meraasﬁeoj:enaulx)hhkeétba into a
transgeni ¢ ani na arate _constr.uc when,l i nked, th

el et i do 2ot meed SOy &' T koD g e et PR B L
Ilzilged to 55 Munﬁ:globﬂlinﬁghicb&uﬁ(ﬁ I orhl:}ﬂit@dlbladlﬁgpdiﬁelﬁﬂ:emhﬂ,r(mbthInom a first
menber i n heav a t.l fi .portion
thereof) opef"%‘?‘ﬁmﬂ%%ﬂgelo LICaRRETH ?P@Wége &mn:iﬂsngnﬂ% é’f‘u is an
I mT}JnogI gbul mﬁober@ﬁuemhﬁbmm(ainghtonaﬂict 1) abinglélcagmﬂolﬂ anothet éiniodizhient, The
nuc eotl e s

can be in ent t .to h
ot her S 0e feientpn o B 8 i chain Bion b e Reh RBR ae bR BE o s .
I n pref er r eduﬁd@@ﬂisg@m@nnﬂ eseBarate Rbiistracth. dPrefdrabBg whén lirdked ke ﬁﬂc&ﬁﬁd}ﬁ ne

i ncl udes ade | ation sit and i s obtained froma nmamal i an gene,
e.g., n@nn%ﬂ? TrAngs mé‘ﬁ?efgp? e.g., a mlk serumprotein gene
or Ca?el n ges’er»n-Ihm:k%dtdthmsbﬂs emlz-s’ell gikemt m&gn-ymmmmmﬁr&mm.,gsei n
gene (e.g., a a casein e),, aco in gen i
protein geneesm@mwsgﬁmeg\si@mgf’ Lﬁﬂ'ﬁé’@" ?‘g‘ghé? 5?’5' mkedi on
e g the ??%gg?“&“??bﬁ’éggl?‘sz‘g her “E"ef*:?‘*t T aboootey 2‘%‘2‘%’&"236?6
and/ or a sondftieen piafipe gertipp thegep ﬂﬁw otidk segyenices.san be in,agy prishiation ¥

i nvent i onsf eRkpbces each o, 0L, sbive/seise)\tevbrsdGevirse] seiiefreversefbr rifverse/sanibe C ed

fusion protein, e. a. fu rojei,n as descri.be erein, in the mlk of:
a transgenic man'ﬁgfefe Q"’??E‘gﬂ’ﬁgt “f\%# dxaggns APEiP ‘R?WSW'BH cldesa, nsgeni ¢

manmal ,  whi gdlyddesylatiea site aﬁ(ﬂﬁslobﬁuﬁﬂ Gof arm@ﬁﬁaﬁh @axer, é gn & @RfiftnarLerftheliadne
whi ch has been |i.ntroduced nto i ts ernline, ucl ei c gm d

Q
const r uct assR§6‘§E BFG et ik serum prqteip geng or °?sﬁmt - i]i]! e 3. untranslated region
can be obtained from a casein gene (e.g., a P casein gene), a beta lactoglobulin gene, whey

20 acid protein gene, or lactalbumin gene. Preferably, the 3’ untranslated region is from a goat
B casein gene.
In preferred embodiments, the transgene, e.g., the transgene as described herein,

integrates into a germ cell and/or a somatic cell of the transgenic animal.

25 In another aspect, the invention features, a method for providing a transgenically
produced fusion protein, e.g., a fusion protein as described herein, in the milk, of a
transgenic mammal. The method includes obtaining milk from a transgenic mammal,
which includes a fusion protein encoding transgene, e.g., one which has been introduced

into its germline, e.g., a nucleic acid construct as described herein, that result in the



WO 01/ 19842 PCT/ US00/ 25558 -10 expression of the protein-coding sequence
of fusion protein in mammary gl and epithelial cells, thereby secreting the
fusi on protwomniiessi he mlk of the manmal. In preferred erfardisew2ssss t he
transgenic mammal is selected fromthe group consisting of sheep, nmce,

pi gs, cows and goats. The preferred transfgenic manmal is a 5 goat. In
preferred enbodi nents, the fusion protein is secreted into the mlk of a

tr ?nsgenioc dﬁpﬁﬁd»/ n atthqsrae/ o mrdgaﬁg is?):%éndé%fﬂisi/oh@ﬁﬁéin m;whmarym . Jgfl}d_iiﬂlﬁﬁikhelilﬁl. 5

mg/ nL, 1.0 ng g, LoD , . s or higher. In
preferred erf’ﬁg%iiﬂ?\’é‘?hyégmq?%‘ﬁé%@??%&%%@tﬁ%ggﬂﬂ’ﬁhogl obul i n-enzyme 10
fusi on }or?tei n isnanw&&gmomaﬁs&te&sﬁggbﬁ&m%hﬁmkﬂedtm?(ﬁ@l}q@f)tiona!:c_y,
an insul ator sequence; .a pronoter, e.g., a mamuary epithelial specific
pronot er , 'e."@.“?‘&ﬁ‘gﬁﬁhﬁeér‘%‘%ip’rgs’ ‘i??”éﬁ’b‘l%‘?a,ts' (l'b?p”&fqﬁEFé%F’B%“‘é’é‘ﬂ@bﬁée whi ch
encodes assigyapl sequence which can direct the 15 secretion of the fusion
protein, e.g., a_signal froma mlk specific protein, or an X

i mrunogl obul i n; @H?‘WQSWQ?q“}‘?nt&Mfl%WWSWtWWB%WSW&‘

suf fici ent DkdiAINkt 8dncbdtfitioiralei @ AN lu@qﬂl, 08 gl A0 RE/nd, SEMmpRIES

protein, e.g.,, a protein secreted into mlK, or an i1 nmmunoglobulin, to

al | ow secr et™gfl, 3mg/ml, jmehd or lighst. of a transgenic manmmal, of the non- 20

secreted protei Ny hRfened EmBEdINBNLE thENGRNE SR odiR ' a
Rl Bl B Cnd goBRgME RO SIARRE

fusion protein, e.g,, a fusion_ protein as descr

opti onal 19, famsnpr@%waﬁsmﬁweamﬁe@SWMWWMm| ian gene, e.g., a manmmary
epi thelial speci fhopisifly, dnGnslatorledllehds; Protein gene). 25 In preferred
enbodi nents, el ementps a (if present(ﬁe t?f c, d (if present), and f of the
transgene are fr M amenaigieggamammayepitheliad ppesifis promoten; epeamilk protein, d (i f
present), arlq.oﬁmg,t, the transgene are fromtwo or nore genes. For exanple,
the signal sequence, the pronoter sequence and the 3' untranslated

sequence can be f(®@mnugl uenae vieheencedeg a sigpal sequapgeywhidydan disedt e speci fic
gene, €. 4s. Relhiddorifd MibPhBlef, 850k s Hoth MRl sfekifll protéin) of afi2SEI N gENE) .
immunoglobulin;

(d) optionally, a nucleotide sequence which encodes a sufficient portion of the
amino terminal coding region of a secreted protein, e.g., a protein secreted into milk, or an
immunoglobulin, to allow secretion, e.g., in the milk of a transgenic mammal, of the non-

20 secreted protein;

(¢) one or more nucleotide sequences which encode a fusion protein, e.g., a fusion
protein as described herein; and

(D optionally, a3’ untranslated region from a mammalian gene, e.g., a mammary
epithelial specific gene, (e.g., a milk protein gene).

25 In preferred embodiments, elements a (if present), b, c, d (if present), and f of the
transgene are from the same gene; the elements a (if present), b, c, d (if present), and f of the
transgene are from two or more genes. For example, the signal sequence, the promoter
sequence and the 3’ untranslated sequence can be from a mammalian gene, e.g., 2 mammary

epithielial specific gene, ¢.g., a milk serum protein or casein gene (e.g., a P casein gene).



WO 01/ 19842 PCT/ US00/ 25558 -11 Preferably, the signal sequence, the
pronoter sequence and the 3" untransl ated sequence are froma goat (3

casei n genewd ypsaf erred enbodi nents, the pronoter of thRCWESNEEShe is a
mammary epithelial specific pronoter, e.g., a mlk serumprotein or casein’
pronoter (e.g., a O casein pronoter). 51%he nilk specific pronoter can be
a casein pronoter, beta |lactoglobulin pronoter, whey acid protein pronoter,
or | act al bunPreferablyyshesignaleqicpeea thie promdier spqusnestapd thes’ untrposlate®seguence are .
pronoter. |ngpref ea{fgaseurlmocéi ments, the signal sequence encoded by the
transgene is g2 0 eFfhal sequence which directs the expression of

the protein to tHapreferesdiembodifnests,akd promoter ofthetrankgent isa mahimanyepithelialk .
Preferably, the _signal sequenge is fromacprotei n thaCh IS secrete i’nto
the mlk, e.ﬂzeflﬁswg"‘m‘?fke'%falﬂﬁ'éwn?&‘m 253G prgmoter {g. ¥R gromoter).
enbodi Mentss, ThAORIR §ecitic pRididter RhiFbeAiabdlS profftee] 1R actsplobiliin froftdtdr ity

protein include one or nore of: a nucleotide sequence encoding an

i nunogl obul #6id pretein/promptsr. o laetalbuminpremeters Ryefaablyothe promotss isiagoatR Fasein s ed

to an enzyne; cl eoti de sequence 15 encodi ng an inmunogl obulin |ight

chain (or anprg%tol{%'en bi ndi ng portion thereof), or both. In one enbaodi nent,

the nucl eoti de sdnpesferced embodinients, theiigrabspgyench encaded byjtha-transgpoe fean|apien
chain are opgLat V. ' -1 ' SH6d . i m d.
| n anot her %@%ﬁ%s%yne?%é\?‘ﬁ%g%%seot.l BeLsgoelf]uencﬂergkqgﬁ%gld?igﬁ??ga%g%\%ﬁﬁai n
fusi on arld t the céll minbrshe: i Rreferably, the signal sequeanderis fom a protgin which is sseretedinto n

separate con t ref.er 3"5!?3 1 nked, the 20 nucl eoti de sequences
are arranged&%%‘ggi‘@f%&oﬁgﬁor rﬁgénh%?) | inked to 5'-N2-3"; or
5'-N2-3' |inked tlopieferiidegibodimentsithe ddie or smozgnucientidersegpicnens engodingan fusitmai n

or an anti Fale ' i : ' ; ; is an
( gﬁxﬁmﬁq %&El'tu@eg?]rﬁﬁid R bf! Mcﬁgageeéﬁhﬁgﬁ%&zﬁé‘aﬁﬂﬁﬁﬁ%lobﬂm%

I mmunogl obul. ain (or an antli I nding portion thereof). "The
nucl eoti de seinireforasantigen tindingpartign theree fused toramenzyme; 28ycdeotide sequense ot her ,

9., | sense: : SEs -
or e er e eriioatie s oot Holhl RHFLRE o BRGEF AR ol SERGORENERIEE | 0,
a pol yadenybmetcmbodinent theamclestide stanase encoding e hewyrehein Susiqgeand thedight | o
mammary el t ek 8t opefiREl ikedlf A Smefetofkiructle I, h lindIE bORIR! AlaBbieene OF

casei n gene). e untrans egion ¢a tained froma casein
gene (e.g., embddimentjthe yeleolide sequences ehendingghebravy ehaindhsion anddle light chain
are introduced into a transgenic animal in separate constructs. Preferably, when linked, the

20 nucleotide sequences are arranged in the following order:
5°-N1-3° linked to 5°-N2-3’; or 5°-N2-3° linked to 5’-N1-3’ wherein N1 is an
immunoglobulin heavy chain (or an antigen binding portion thereof) linked to an enzyme;
and N2 is an immunoglobulin light chain (or an antigen binding portion thereof). The
nucleotide sequences can be in any orientation with respect to each other, e.g., sense/sense;
25 reverse/reverse; sense/reverse; or reverse/sense.
In preferred embodiments, the 3’ untranslated region of the transgene includes a
polyadenylation site, and is obtained from a mammalian gene, e.g., a mammary epithelial
specific gene, (e.g., a milk serum protein gene or casein gene). The 3’ untranslated region

can be obtained from a casein gene (e.g., a B casein gene), a beta lactoglobulin gene, whey



gill WD 01/19842 PCT/ 11S00/ 25558 -12 acid protein gene, or |actal bum n
gene. Preferably, the 3" untranslated region is froma goat R casein gene.
I n preferr&goeidegd nents, the transgene, e.g., the transgenwsarsss8scri bed
herein, integrates into a germcell and/or a somatic cell of the
transgenic animal. 5 In another aspect, 12ke invention features, a
transgene, e.g., a nucleic acid construct, preferably, an isolated nucleic
aci d const r acitl proséin génej srddctedinmin gene. Ppdferablgp) the/3’ umtranshatad region isfeauageae; 10
(b) a pronoter, .e.qg., a mammary epithelial specific pronoter, e.g., a mlKk
protein pr e%fc) a nucl eoti de sequence which encodes a si gnal

sequence whi ch cmr&eﬁaﬁémmm&emee&h@enaégthﬁu&u@mme&hswmang a
signal sequence froma nilk specific protein, an i.mmunogl obulin; 15 (d)

optional l'y, Wﬁ%ﬁ@&%@@§@hﬂ@(%é%ﬂ%ﬂﬁ§%mﬁ%m ent portion of the

am no terqmi nal coding region of a secreted protein, e.g. a protein secreted

into mlk, or an immunoglobulin, to allow secretion e.g., inthe mlk of
a transgeni ¢ ManfPdnothef asb&% tihd it édBon ﬁ%&}&' J‘tra% 'ef‘g a(rﬁ:):lei%%ld%bnéﬂi{cé

nucl eoti de sequences whi ch ‘encode a f usion .g., a fusion 20
protein as erablpan isplated nycleigmgid cppstivpl, whis MO!ﬂde%i 3 untransl ated region
froma mammal i angpfonally, dn insila . epithelial specific gene, (e.g., a
mlk protein gen I'n preferred erbodiments, elements a (if present), b,

c, d (iflGresent fb) agrnatercs.g. hmammeryrepifhelial specifie promotence.g;-amillypretein  he
el enent s aw%i.gm&éresent) b, ¢, d (if present), and f of the 25 transgene
are fromt nore genes. For exanple, the signal sequence, the pronoter
sequence and t he(an cht'dhsﬁlqa@@dw@é%wm%a@abeeqwlﬁwhlchﬁmrqcaﬁegene

casel naggﬁg‘%*m%*?%“ Pk, o ol S o il P BGEHALEERE T e
pronot er sedmemoeglehwlint he 3' untransl ated sequence are froma goat 0
casein gge. (d) optionally, a nucleotide sequence which encodes a sufficient portion of the
amino terminal coding region of a secreted protein, e.g. a protein secreted into milk, or an
immunoglobulin, to allow secretion, e.g., in the milk of a transgenic mammal, of the fusion
protein protein;
(¢) one or more nucleotide sequences which encode a fusion protein, e.g., a fusion
20 protein as described herein; and
(f) optionally, a 3’ untranslated region from a mammalian gene, e.g., a mammary
epithelial specific gene, (e.g., a milk protein gene).
In preferred embodiments, elements a (if present), b, ¢, d (if present), and f of the
transgene are from the same gene; the elements a (if present), b, ¢, d (if present), and f of the
25 transgene are from two or more genes. For example, the signal sequence, the promoter
sequence and the 3’ untranslated sequence can be from a mammalian gene, e.g., a mammary
epithelial specific gene, e. £., a milk serum protein or casein gene (e.g., a B casein gene).
Preferably, the signal sequence, the promoter sequence and the 3’ untranslated sequence are
from a goat B casein gene.
30 In preferred embodiments, the promoter of the transgene is a mammary epithelial

specific promoter, e.g., a milk serum protein or casein promoter (e.g., a f casein promoter).



30 In preferred enbodi nents, the pronoter of the transgene is a manmary
epithelial specific pronoter, e.g., a mlk serumprotein or casein
pronot er (e.fooisdy casein pronoter). WO 01/19842 PCT/ USOBEPsinassss 13 The
m | k specific pronoter can be a casein pronoter, beta |actoglobulin
pronoter, whey acid protein pronoter, oef3tactal bumn pronoter. Preferably,
the pronoter is a goat R casein pronoter. In preferred enbodi nents, the

si gnal sequerEemaR RHER PRomdtértak bodE@€in Pronfoted) bet Thdisplobulih profiotss) wisgquence
which directs the expression of the protein to Lhe exterior of a cell, or

into the cep¢id e BromOtenos jactalbymin promates ; Rrpferably the promoter &s & gogh casgip)
specific propeifror an imunoglobulin. Preferably, the signal sequence
directs secretion of the encoded fusion protein into the mlk of a,
transgeni ¢ ani mal In peeferred embodimentgcthe signal saguence eRcodeddiyhe ERNSEARE SANABERG | ¢ he

one or nor ' tﬁg\g@ ' ' b:Edf1a il one
or nore ofs(.3 %@gﬁﬂégg‘?%ﬁ@gﬁgﬁgﬁe en %&?ﬂb&g@nﬁﬁg%gﬁégﬁﬁilﬁd Egal\l/]yr H{g‘ﬁai n

(or an anti gthe cbil me¢mbranp oPreferably the sigoal sequenceds from amilkspeific prately ef allot | de
sequence engod] il RS fghallsl GBS sekio ¥ therco&A gl Ng
portion therg'%gﬂ'“,m%(l)d?ﬁ%itﬂk. ﬁf&giy,@gggg%o i rrc\gnt, tshega n?JcI got | de seqtjences
encodi ng t hepilogviptethe milkfofis transgenitanithal, ¢.8.ghtransganig mammel. oper ati vel y |i nked
in a single const . ' ' ot Rakes et &Nt . the
nucl eoti de sequenl?:‘g’gé f%%e?o“%?bﬁ‘é@‘lﬁ%’qﬁlég‘bff&?f?éﬁn““# us?_er(;éral&a.ndest he Imiéght chain
ar e i nt r otuc pebteiminclude omecon spesvica puvlaotifle sequanegrenceding avimpungslobulindieayyar abl v,

5 N1 3 i e (os B R bfking GEHIGN B0 BBy Ui Bphcihuad il PrICT
an i nmunog! eiotling ah gemynaglebitin ight claain ton e aysigerbbindingiporion thersel) 1 andpiboly
ke o Oyl gl BB b B B 21
ori entation vchdihare epgrasivelytlinkedinla singlecopstaicty e.g., 8 single cesarid.cIn another |
oo 8B AL LRIBIIe e LHEKER GERSE ol A1 ¢ g o
site, and i samtittaidnesd ifito @riansgesicranimakin separate copstepcts. Zraferalinryhea linkadethe al 25
ntr ans! at eq opelRgf eaudhofl o pRpU BRI GERE. 0T CO0C T BONCL: SN eein
gene), a bet &-N&ot hinkedibai5+N2-3% 05 -8}/ linksd tatS’ gV o8 'evhereieN@ isasy | act al bumi n
gene. Preferabl ¥ oeloblisheaty bl Gk & Stk SBth&Rg boiibd BEReSr B to an enzyme;
20 and N2 is an immunoglobulin light chain (or an antigen binding portion thereof). The
nucleotide sequences can be in any orientation with respect to each other, e.g., sense/sense;
reverse/reverse; sense/reverse; or reverse/sense.
In preferred embodiments, the 3° untranslated region of the transgene includes a
polyadenylation site, and is obtained from a mammalian gene, e.g., 2 mammary epithelial
25 specific gene, (e.g., 2 milk serum protein gene or casein gene). The 3’ untranslated region
can be obtained from a casein gene (e.g., a B casein gene), a beta lactoglobulin gene, whey
acid protein gene, or lactalbumin gene. Preferably, the 3’ untranslated region is from a goat

P casein gene.
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casein gene. 30 ~~I1" WD 01/19842 PCT/ USOQ 25558 -14 In another aspect,
e invention features a nucleic acid nol ecule encoding a fusion protein,
g., a fusyowypest ein as described herein. In preferred rorusdi/zsesst s,

ucl eic acid has a nucl eoti de sequence as shown in Figure 1B (SEQ ID

NO 1), Figure 2 (SEQ ID NO 37), Figure -48-(SEQ ID NO. 5), or Figure 55
(SEQ I D NO 12); the nucleic acid has a nucl eotide sequence at |east 60%
70% 75% nore phedmotrRbispechithd ﬁaamﬁfe%mmrxﬂcleibaéia idcile@hcddiigs fuflBy nore
preferably at least 95% npst ‘{Siﬂ’gﬁgﬁ) é% | east 98% 99% sequence

i dentity or PRRSFHH Sy FPRPIQIEH AS| quence shown in Figure |B (SEQ ID

NO 1), Figure 2 fr%ﬁ@eh@l é\lﬁr;o’aﬂenffhmui@a&cﬁaa(sslﬁ@ﬂe&daemuéace a@khownghr € 5 (SEQ
D NG 12); the nu c..acid has a rzucl eotide s queg@@é{g@ I s 10 capabl e of

hbr i ) g FiaenlS GG ARt Eaws 2S5 T NdiFn: NEiSh eeF gk i 1
Figure 1B Ki(SEQIDNOARY He@udfc aaahamc&oéde dequeacm%faarerow 76%bpydp rent, the

nucl ei ¢ acid has a nucl eoti de sequence which des an anino acid
sequence as mareprsTarsblyatdesstBSpon morgederablyat lepst 99%» E‘)’re neeferably atigast P50 | D
NG 6, 7, 8, nthst prferablyat 1ast 98%J99% s@{gz@ﬁ%&%&ﬁoﬁb%ﬁhlﬁﬁde&i’a@ nucl ei c

acid 15 has a nucl eot’i de_sequence I ch encdodes an am no acid sequence

which is at segnge shown in Figwe 185 68EQ F NO: by Bigure 2{SEQAD NQ:32) Figunz4B(SEQ
preferably g N@35br Pigite, sgsﬁe BND: ‘fﬁ)aﬁlEYxPél&c akif ﬁa%Ia meldtidiiuabEhariab! v at

| east 98% 99% sequence identity an am no “acld sequence
from Fi giff e cpmble ewlmhm u@e@mgenmog@henﬁsﬂ(ese@cmemuencewhow ing 10,

11), or Fi glﬁ@,@lﬁ IJ}QTT_;ﬁ ori?fguré]é 16). 20 In another aspect the

i nvention features a host ce ., an isol ated host cell
cultured cell), mgﬁferrn%mu&n@tﬁwm@leecmlmsemu@lﬁéldpmmqemm%e g., a

nucl ef ¢ acl dye ks i ankthARIPEAGencEabhod il HELE 18, @BHIDIRRSS U8) pighs APSCT | Ded

herein). 25 n anot spect ention eatures’ on protein
descri bed h&PEQ D N§:6., 8, 9, 10, 11), orFlgureS(SEQ ID NO:13, 14, 15, 16),thenuclelca01d

15 has a nucleotide sequence which encodes an amino acid sequence which is at least 60%,

(i
th
e.
n

70%, 75%, more preferably at least 85%, more preferably at least 90%, more preferably at
least 95%, most preferably at least 98%, 99% sequence identity or homology with an amino
acid sequence from Figure 1A (SEQ ID NO:2, 3, 4), Figure 4B (SEQ ID NO:6, 7, 8, 9, 10,
11), or Figure 5 (SEQ ID NO:13, 14, 15, 16).

20

In another aspect, the invention features a host cell, e.g., an isolated host cell (e.g., a
cultured cell), which includes a nucleic acid of the invention (e.g., a nucleic acid, ora
transgene, e.g., a nucleic acid construct, as described herein).

25 .

In another aspect, the invention features, a fusion protein described herein, or a

purified preparation thereof



purified preparation thereof WO 01/19842 PCT/ US00/ 25558 -15 I n anot her
aspect, the invention features, a pharmaceutical or nutraceuti cal

conposi ti on wewi/mmg42a t herapeutically effective anmount of =aCTUSi2ssspr ot ei n,
e.g., a fusion protein as described herein, and-a pharmaceutically
acceptable carrier. In a preferred enbodildent, the conposition includes
mlk. 5 In another aspect, the invention features, a transgenic ani mal

whi ch includes a nrm&%ﬂsssect,ttﬂ@ﬁw&ﬁsﬂee&r@ J%‘?‘?‘?ﬁ to%

transgene whi ch enco usi on In  de ere|n referred
transgeni c afPHEPLNG ﬂ‘“ﬁ’&’ﬁﬁ%ﬁ@y ffsctitpamopptafa, nﬂ'f?fF‘é’u"p@a‘? siog g
anphi bi ans. pmttinbs @smbe%bmn,mdaplm:nmcnﬁnaﬂyrﬂ:&ptabh@aimt es; donest i cat ed
manmal s; and  dai fy/a grefeffBd Smbddihént Ght RhipYsiféihQtdethigni mal s include: mi ce,
goats, shegp, canels, rabbits, cows, pigs, horses, oxen, and |l amas.
Suitabl e birds include chi ckens, geese, and turkeys. Where t he transgenic
protein is secreted into the mlk of a transgenic animl, the animl 15
shoul d be able to egﬁ]gs (N1 10, or
100, liters of m rﬁingglgfé %grth&%?éen era ly, @cf]a‘ﬁs ?%ns enltv?:{mgtrﬁcrr@?ssés a
rum nant, gansgemjbatencqsim fusion jrrotgin, ersbgttranqu@rwhxdmnyodes adusionzpretgiani c
animal is a AR ibed Ha reF(;eferred enbodi nents, the transgenic mammal s has germ
S

cells and sonmatic ce containing a transgene that encodes a fusion
protein, Hg., Plremgtmgem gtimals ostide mammals; bitdsyreptiles; wiarsuplalsianidbed

Rerein. 10 Pa k@?’ % SEOE bfalals i, bt ol Bl oo RT Bhedfhad B
pronoter, e. gaify anmds kPastyaurlyi prefemredaoinals includey m;lceaSQﬂSL shegm camels) rahibiss,n
orcasein pr Ogﬁ‘bﬁeﬁ"ﬁs Hofsedllokn, ﬁé’ﬂ‘:ﬁdn{a'scsﬁ{aﬂﬁ%?ﬂé inkldfe Q'E({k@nscgée‘ié uE“ pter,

beta | act ogl prom5ter pr ono im n 25
pronot er. Pr 8srethe mz:nrec potsings sqcrqtqd mto gmll(qf memcpnmmbtﬂmmumﬂ

f d
e+ o SR b ARG 0 Pl 8 e Rk i 1
concentr at i oper yohr. mm‘dﬂ‘hamgem@mﬂgdmmms e Aigbat, ovOorshyep! Mb,sﬁ
M0/ 2 0/ Bleforsd e Hansgbalfbhilal a dok@ner - 30

In preferred embodiments, the transgenic mammals has germ cells and somatic cells

containing a transgene that encodes a fusion protein, e.g., a transgene which encodes a
20 fusion protein described herein. |
In preferred embodiments, the fusion protein expressed in the transgenic animal is
under the control of a mammary gland specific promoter, e.g., a8 milk specific promoter,
e.g., a milk serum protein or casein promoter. The milk specific promoter can be a casein
promoter, beta lactoglobulin promoter, whey acid protein promoter, or lactalbumin
25 promoter. Preferably, the promoter is a goat B casein promoter.
In preferred embodiments, the transgenic animal is a mammal, and the fusion
protein is secreted into the milk of the transgenic animal at concentrations of at least about
0.1 mg/ml, 0.5 mg/ml, 1.0 mg/ml, 1.5 mg/mi, 2 mg/ml, 3 mg/ml, 5 mg/ml or higher.
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WO 01/19842 PCT/ USQQO 2. 5558 -16 In another aspect, the invention features,
a nethod of making a transgenic organism which has a fusion protein
transgene. wikheywezhod i ncl udes providing or form ng in aPCBUBNESESS8an
organism a fusion protein, e.g., a transgene which encodes a fusion
protein described herein; and allow ngléhe cell, or a descendent of the
cell, togiverise to a transgenic 5 organism In a preferred enbodi nent,
the transgeni c dngastheraspest, thetinentianfiateres laamethodrof making la transRenit organism
transgenic a

il s J . | Sem. DI r.dss. i W , :
i bi ans. st Pt S0 B SRR ThebbhSe bR Al B AHRN LS 8,
mamal s; anah organisny, adfnsiompreteina g, b rasgereywhichamesdes d fissiinpéteinideshibele: i ce,
goats, sheep, .canzl rabbits, 10 co 1,0S Qrses xen nd || amas.
Sui t abl e bi ﬁﬂ?n’i%’?laag‘@méﬁfec §h°§,a%§se"§'§v'\feej,n°§ﬁ% el E%}?.ﬁse&‘haetfaémg ¥ transgenic
protein i5S &geaighed into the mlk of a transgenic aninmal, the aninmal
shoul d be able to prqduce at ]l ea and. nore, pr.ef er abl t least 10, or
100. | i ter e of  rMPARER bopinieih s hap EAr SRBSRT fEAEEeG MEBEE SRR pr of ef n
is u_n]g_er t hPrefepiet trahsgedic aninmalyiml | yde’l maginRCbisdaerepliles; nraupialsgand €. 9. , Ta m | Ikk
specific pronoter, . amlk.serumprotein or casein., pronoter. The m
specific pr Wﬁ‘?ﬁcmeﬁl i‘?ﬁ‘ﬂ#owg't“&“fs’ 'B'!gﬂ"!’?tqsa I’?M?’&H‘gt er,
whey aci d pasifyedniin alf.qmﬁ3 warl_ytpiefhae'dtaainm@m'l Eludy: ﬁ#iﬂiﬂ; fidats, Elir;ogﬁ,?_&lﬁabyabﬂilb,ﬁ
pronoter_is a goa casei n, _pronog er n.preferred enbodi ments, the
or gani sm% s %&P&“&ﬂﬁe"e ﬁ@ﬁﬂ?ﬁoﬁmﬁp&bé‘fig’méﬁ?@“g@%&% and PEKSYfre i | k
8f 5t he/ Fnrl agm@fvo 't}ae@ms%@%c ﬁb’c/eﬁqﬁlﬁ‘&f&ddaﬁbﬂ[&xs 10 71%&&1@@&&5 /a@ﬁﬂ&l',tﬂl@arﬁmh. hﬂg/rﬂl,

.o Ny » L. : , , , of. higher. In
anot her aspé‘&“!gg'{%leitﬁw@ﬂg‘?e&rﬂef’gﬁt Er}gé'%‘?“" B""fﬁr!lpqlibﬂ Iegpt @P’Q&Oi f&'éwgmﬂh ing an
aberrant 23eGkardi seased cell which expresses on its surface a target
antigen, e.g., a cancer, c ressing a .cell suface aptigen. The et hod

I,
i ncl udes: cont acIE‘iPFRjge@gieﬁ‘%QB’é‘P%; nibe Gisiofpeqtein ispnden the ¢gnfrel of 2 eammpaty e

amount  ofs aﬁfau&.i;peaﬁc BrosioRir/e.g.Ca Milk specifid phodibtér! €5.64 Milll 8&reil padieinBe E4REiR
wherein either the_fi r_slt or_the second nenber of the fusion protein
recogni zes BWMeter-alBinilk sperific promatencan beg casein promoler; beta jastaglobpling ne 30 cel |

occurs. WO Brbmbt3Avheladid griéih R ter, or lactalbumin promoter. Preferably, the promoter is

a goat f casein promoter. -

In preferred embodiments, the organism is a mammal, and the fusion protein is
20 secreted into the milk of the transgenic animal at concentrations of at least about 0.1 mg/mi,
0.5 mg/ml, 1.0 mg/ml, 1.5 mg/ml, 2 mg/ml, 3 mg/ml, 5 mg/ml or higher.

In another aspect, the invention features, a method of selectively killing an aberrant
25 or diseased cell which expresses on its surface a target antigen, e.g., a cancer cell expressing
a cell suface antigen. The method includes:
contacting said aberrant or diseased cell with an effective amount of a fusion
protein, e.g., a fusion protein described herein, wherein either the first or the second
member of the fusion protein recognizes said target antigen, such that selective killing of the

30 cell occurs.



-17 The subject nmethod can be used on cells in culture, e.g. in vitro or ex
vivo (e.g., «cultures conprising cancer cells). For exanple, cells can be
cultured i n wobiymsan culture nedium and the contacting sPEpUSNMEASISE
effected by adding the fusion protein of the invention to the culture
medium Alternatively, the nethod can belferfornmed on cells (e.g., 5 cancer
cells) present in a subject, e.g., as part of an in vivo (e.g., therapeutic
or prophyl actic) Themﬂapchhethc’odnanbeh&edmnaeibénculmd;e.gjmwm'ntdr@nvii’eéa;g,l,r es a

met hod of sele el y .kil errant, 1 el.]

expr esses on e pmpigie siick Gl Bt cBlibe, by S o RERREE i ol 0 1
a cell suf aceneantmme&imcﬁmdmpctanbeéiﬁdeﬂbyaddmg)ﬂumshgpmmmaﬂ&ed aberrant
or di seased cell C aC|d e dln usi ote f usi on
protein descr‘?‘f?@@’h@gl@iﬁ‘fi ?Wﬁ% ‘8%‘1 aﬁie ?{t°@8§8‘2‘c‘ff'“s er of
the fusions pregicet &ll&ﬁ?ﬁ@ﬂﬂ&iulﬁ&t,d.gt,&ﬁg@tof&ﬁh» Geo\(e.gs tiapetitivl or peophyladticp
killing of the PF"S cell occurs. The subject nmethod can be used on cells in

culture, e.gPrqt itro or ex vivo (e.g., cultures conprising cancer
cells). For exanple, cells can be cultured in vitro in culture nedium and
the nucleic acids of the invention can be introduced to the culture nmedium
Al'ternatively, the nethod can be performed on cells (e.g., cancer cells)

present in a subj BpdnothéPasPect the iffenBioh feaifes A méthodf Weledtively killih1ar sbomatiti ¢ of

prophyl actlc) ene therapy protocol,. |In another aspect, the inyentiaqn
provi des, g‘l‘iﬁ’de"tﬂe "Yhéét‘i"?ﬁssFW‘h"%ﬁb‘H‘P‘i?@tt“gﬁ a“tﬁeg‘o"rﬁte? @ﬁﬁl"%?’@ﬁsi‘ﬁ%ﬂ by

aberrant gromlgﬁa@%@gﬂt Thé&heof Riclud¥di ch expresses on its surface 25 a
target antigen, a cancer, cell ex arget angi The net hod
i ncl udes adm ni st B’f%l"ﬁ‘ﬁ""cgd‘“?ﬁé‘ abgragt.er d%‘?“%if“@'?”ﬁ‘?‘\‘ié"ﬁ’%ﬁiﬁ?ﬁ"‘%‘fgg %&f‘ﬂgl on
protein, g,leeg G fasibslproRirdesiribed nerém,swmwél&ieeme ﬁfseogthe séohdISi on -
protein descrl be here| n), wherein eit a&{ the first t he squj{ngé)gﬁinber

of the fusi omeghst &fithe fusion grotejnecagnizgs § '@Wa&ﬂg?”gﬁ’ﬁ u?aﬁs"‘é“ﬂ?’%lfl
enbodi menjys tcgﬁom_ease S char acterized by aberrant growth or 30 activity
of a cell, e.g., cancer cel a ne ¢ 111 WO Q1/1984
PCT/ USOQY 25558 - The %‘%69 t%ﬁﬁﬂaﬂ ;S‘é&?lﬁ ip Futurs, 8~§e‘ﬂt""f%‘?féﬁf’1"8ﬁ° By ovi-des a
met hod for dehmetd doehpkibiny bdnk& cells). For example, cells can be cultured in vitro in culture
medium and the nucleic acids of the invention can be introduced to the culture medium.
Alternatively, the method can be performed on cells (e.g., cancer cells) present in a subject,

20 e.g., as part of an in vivo (e.g., therapeutic or prophylactic) gene therapy protocol.

In another aspect, the invention provides, a method of treating in a subject, a
disorder characterized by aberrant growth or activity of a cell which expresses on its surface '
25 atarget antigen, e.g., a cancer cell expressing a target antigen. The method includes
administering to the subject an effective amount of a fusion protein, or a nucleic acid
encoding a fusion protein (e.g., a fusion protein described herein), wherein either the first or
the second member of the fusion protein recognizes said target antigen.
In a preferred embodiment, the disease is characterized by aberrant growth or

30 activity of a cell, e.g., cancer cell, an immune cell.



or in vivo the presence of target antigen in a sanple, e.g., for diagnosing
a di sease. The nethod conprises (i) contacting a sanple or a control
sanpl e undgyo ¢@eglat i ons that allow interaction of a | abetiradoosssson
protein, e.g.. a fusion protein as described herein, and (ii) 5 detecting
formation of a conplex. A statisticallyigtgnificant change in the formation
of the conplex between the fusion protein antibody and the target antigen

with respect ht 0 yeoaafol thet aspéo’&][ﬂ?é ﬁesgﬁt %@gm\fﬁesthgethwﬁedammg i virget
antlgen in the sa retrerred enpodl nts, the secon is an
enzyne, e.g% ‘”WB’P@?HEﬁeg‘f? dt [ aatgge mna Sf@p[;ﬁ%g., o5 diaenosipes égs[eﬁqﬁgg'ﬁ? usi on
proteins i nméfhod Borapisesild) édntavmsg‘a Q@milelo¥ b cHROP Simpké uﬁd&ﬁeonﬁiﬁsnsxnattamoivr om a

mul ti mer i s chosen Q t|n1ze a Ccnar acterls . aCtIVIty or
sol ubility, W@@%@Sﬁlfﬂ OteR 8-t "ﬁ’F@g@?
pol ypept Isdeaeﬁﬁgmﬁuémﬁr&mweawsﬁmﬁ@mﬁa&t ehaagé mfmmnﬁatﬁaamel on,

substantially pure preparation of a polypeptide, or, an jsol ated

pol ypept i dec@mplexbeiveraythe fysionprotain anti ﬂW@&q%ﬂtﬁﬂg"%‘&@ TEReft 1 @ septol e d

from at 'ea%ﬂ@fsm&édaeemeaﬂkaic@ofd&gemuga{mm ?ﬁ aCI d with which it
occurs in the cell or organismwhich expresses i froma protein,

lipid, or nucl e|@MPMWWWF?S@EFH%“"&‘HW1ﬁﬂnq%°’ﬁigu|hﬁrma@5|g. , milk,
or other suBstagse, €. 9.. an egg, produced by a transgenl c aninmal. The 20

pol ypeptide is preferably separated from substances % ant i bodi es or
gel matri%, e. g. The igyanfipe foptupasifesion mpiriasinayhich the ability 05& st gnember of tke

pol ypeptlde f | Yn@BRst ik bitsEs ?ﬁﬂl ;.g,amﬁ{} Oacﬁ%ﬁyg 95% dry
wei ght of tlfllmﬁl}(‘r?l E‘(y}“ rep alral'ltl{%sonsoa% erapi t he prepératlon cont ai ns:
sufficient p@u‘glb@pvﬁth%swdammprotel n sequencing; at least 1, 10, or 100
g of the polypeptide; at least 1, 10, or 100 ng of the pol ypeptlde 25 A

substantially pure nucleic acid, is a nucleic acid which is one or both of.
not i nmedi at el yTlmimsg)amrbs,\mtmns;|a@¢1mlm@dqswaredasc4un@chm§ab)§émmes e.g.,

codi ng spaguences, %@fﬁ’ [ at
t he 5' eﬁg and on Jt}h Jg SH @R%’Eﬁ&?ura‘ﬁwaggggrir |d%gm§%hsgfr%{eyaof t he
organi sm f rpﬂlwmdhastmed m@nm@nacpdypepnmmbeegﬁepmd:ﬁpm 8t leasbeneant i al | y
1o o o DB AR GtV oy 68 il

from whi ch the ‘nuc ermlnc r exanple, a
r econbi nant em%/m984ﬁom@'lﬂr{>¢’@0m@,%58clm1@dmgm ansmﬂmurqsﬂmé,t ed into

a vector, eqg. min " buiP sidaRROUBYSH dogf 5BhICEEbY B baieBRilhlmAl. The

20 polypeptide is preferably separated from substances, e.g., antibodies or gel matrix, e.g.,
polyacrylamide, which are used to purify it. The polypeptide preferably constitutes at least
10, 20, 50 70, 80 or 95% dry weight of the purified preparation. Preferably, the preparation
contains: sufficient polypeptide to allow protein sequencing; at least 1, 10, or 100 pg of the
polypeptide; at least 1, 10, or 100 mg of the polypeptide.

25 A substantially pure nucleic acid, is a nucleic acid which is one or both of: not
immediately contiguous with either one or both of the sequences, e.g., coding sequences,
with which it is immediately contiguous (i.e., one é.t the 5' end and one at the 3' end) in the
naturally-occurring genome of the organism from which the nucleic acid is derived; or
which is substantially free of a nucleic acid sequence with which it occurs in the organism

30 from which the nucleic acid is derived. The term includes, for example, a recombinant



virus, or into the genom c DNA of a prokaryote or eukaryote, or which
exists as a separate nolecule (e.g., a cDNA or a genom ¢ DNA fragnent
produced by W&k /@ke2r €striction endonucl ease treatnment) i pdepswdsssg of

ot her DNA sequences. Substantially pure DNA 5 al so includes a reconbi nant
DNA which is part of a hybrid gene encodilfg additional fusion protein
sequence. Honol ogy, or sequence identity, as used herein, refers to the
seqlue_nce si dm IWh iﬁﬁédtpiﬁtedW] into apektp ﬂe;gt,imteaﬂmit?muioeﬂy fepliteing/plasmidse |
nucl ei ¢ acid yol ecul es. en pasition in the first uence i s occupie
byt he same. M B 9 5 gspomih oA PER mekigpte eukErvels dinaSO RS o wreris

posi tion i(n Hlofecale (a5 (la EPNA @14 Renoin DN FaghiehtgRotuesl tgm:mmedne@ms at that
position (i

equi val ent t6“d°3H‘?sl‘Fﬂl§§§%t‘g§”[9§| &ﬁ?&‘?rgéf’@ @?"HDMH‘%P%C?“CI ¢ a@%“eﬁﬂ‘\homl ogy

bet ween t e hM@intRdesSd¥einbinasit BNAWMGEH i@@a@i)fa Kyoria gefe@hcdding adaitiohdl Esion
positions shared by the sequences (i. % honol ogy # of identical

p05|t|ons/toP@Fel‘#s"GPenﬁBleons X 100) 15 For exanpl e, |f 6 of 10, of the

positions in two HERVIBES SFscqlidhcs ety ths AsedHerd, REQSH th@@quenwﬁnﬁlw
sequences are 60% hono ogous or have 60% sequence |dent| ay of
1 Sé’s?“

exanpl e, t hebghieenstxopalypentidamolecuiesor betpyesrtie mycleicacis g I sequence

identity. Gep&ditin i theFirkt S8RBAde It chfiedBfiRe Waomwaﬁm%uae&mlag gned to
gi ve nmaxi mum honol ogy or Sequence identity. 20 The conpari son, of sequences

and det er¥i ntheicoresppading Rogition Mghe seseRd s5aveRER thep ths malecyles aredemologoseat

acconpl i shedgysy difliof (mtabs&aweﬁl nﬁhamd m{ﬁuei% aBid PhGHdISE" id\Qfiivalefil tol NY
exanpl e of a nathematical algorithmutilized for the conp arlson of

sequences i saming agidopppdleinacid “lentity'). Thgpeagenthomplogy PQW?“ &0 saquences Acad

Sci . USA 87: gobfln&idn omdh.ims‘éd offasnﬁcal Hohsnshaed bMHe S&dUdhceé G292 hdthdlegy Nat | .
Acad. Sci. USA 90:5873-77. algorithmis incorporated into the
NBLAST and xe#néﬂepkebpwmépswszlwxépo) Altschul, et al. (1990) J Mal.
Bi ol . 21554085 1 3amPleAPE oS bpma b&%&eﬁm&m &a&saemma Wﬁ%l%!oh@ﬁﬁﬂe

NBLAST priogram score =100, . |l ength = 12 to obtain nucleoti sequences
honol ogous tQCWAE%“FRS’E#%?@{&@?’W]HS?‘E@HP@?68%*%“?%‘9@% B WBLHST protein

sear ches canghg e ie INE Seqiibrcls ATPGEBlASTATCHR! shifle S8R HotoTogy@r seifiédteengt h =
3 to obtain 30 amno acid sequences honol ogous to | TALY, protein nol ecul es

of the i nvenidentify. Gencstllyad epmparisonigmads whentwopenengst e alignsd to give

maximum homology or sequence identity.

20 The comparison of sequences and determination of percent homology between two
sequences can be accomplished using a mathematical algorithm. A preferred, non-limiting
example of a mathematical algorithm utilized for the comparison of sequences is the
algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-68, modified
as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77. Such an

25 algorithm is incorporated into the NBLAST and XBLAST programs (version 2.0) of
Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST nucleotide searches can be
performed with the NBLAST program, score = 100, wordlength = 12 to obtain nucleotide
sequences homologous to ITALY nucleic acid molecules of the invention. BLAST protein
searches can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain

30 amino acid sequences homologous to ITALY protein molecules of the invention. To obtain



-20 gapped alignnments for conparison purposes, Gapped BLAST can be utilized
as described in Altschul et al., (1997) Nucleic Acids Res.
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secretion of the protein in the milk of a transgenic mammal, a urine specific promoter, or an
egg specific promoter.

20 As used herein, the term "transgenic cell” refers to a cell containing a transgene.

A transgenic organism, as used herein, refers to a transgenic animal or plant.

As used berein, a "transgenic animal" is a non-human animal in which one or more,
and preferably essentially all, of the cells of the animal contain a transgene introduced by
way of human intervention, such as by transgenic techniques known in the art. The

25 transgene can be introduced into the cell, directly or indirectly by introduction into a
precursor of the cell, by way of deliberate genetic manipulation, such as by microinjection
or by infection with a recombinant virus.

Mammals are defined herein as all animals, excluding humans, that have mammary

glands and produce milk.



-21 As used herein a "dairy animal" refers to a m |k produci ng non- human
animal which is larger than a rodent. In preferred enbodi nents, the dairy
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I ncl udes vertebrates, e.g., manmals and non-nmamuals, such as non-human

pri mates, rum nam%weéhwes a'mmwfmmmlbmodmmmmag m ce

glngnt ?tlss lhg’ ant, refer Ihéliﬂg r‘g_ut?éﬂ ﬁ%n eﬂl g’ﬁé%ﬂ”‘l@‘% e.ni:ﬁ one

or nore, andvqimeieqaﬂﬂwébswpﬂwmnemcbfezmw@tg@amf t he pl ant cont ai n
a 10 transgene i a\qﬁ}ég b "ﬁ’ﬁﬁnaﬁ‘i g
transgenic techm'%%’resg&lu&gﬂ’o g suﬁ*é{i“ﬂ: juH%Jse ténlr"ie){l;hrll1 erm"plant”
refers t|o|Sm Tﬁm"mdiumaphwmwaftpemvenqoanncludesmmms ce@h In(;jaxmna;lsaaxﬁroup of
plant cells._Th EEX\'B t hods t he

i nvention ismbnenera 3/ - %lroggl as #ﬁ.ﬁk Fglg # i g%'ﬂ?ﬂgfnsn{cg ﬁf‘rgﬁiabl eto
t ransf or rratimdexftﬁetgeamquless Thectbmdalmgn&:ioddsrabbﬂs)cotyl edonous and

di cotyl edonous pl Rt a yar, et l.0i | evel s,

i ncl udi ng pol ypl déﬂsg%}llp m’i d an gﬁaﬁ*"ﬁﬁ ot f’%fﬁléf“é‘?{‘ﬂ Ee

"i mmunogl obuj)lan‘t maavhilch (mabr ino:tyindrrméfenablyessantgllyamtmf tHeekells ofcthnrnlantsmmagn at

| east t % NS inter- nect ed by
disul fid g(“Hl“ ahced B yweﬁat% ’g‘Sﬂ’ﬁ“‘t‘%‘ ah'i‘?s E?fgt“ﬂ USSar i abl e
regi on 20 (ahimmvnﬂiead. herein as HCVR or VH) and a heavy chal n constant
regi on. The heavy, cha stant, gion is. f ree, do

CHI, CH2 and CH3 %% %Q?mé‘ﬁﬁe a'f% e eésotﬂﬁftﬁ%gg"h&%pgm? d’ﬁﬁ“tBﬂtaf“Rpa riable
region (abbrei a-taegioﬂpe:felant cefis. Lmﬁlass offilntswhiclacanibgsed mlmtlmdscﬂ’thé ant
region. The | |%ht chal a1 one CL.

ta ri sed gf

The Vi and VEvan f Hedalf e s 8 BloRps e Sl i Birefofpe
hyper var i18bi fethinjques, énchuihg bothonenpkatyledsmus ind ditotybedonospiantse § lﬁtﬂﬁdeé ﬂaﬁt)s
i nt er sper sed th re s.t hat. nor.e er.med framework
regions ( FR) f’maé/ggﬁty\c}fplgﬁ& ki‘fﬁla lgagtg%gglgg}m ‘f‘{}]?l @89&95&“1 and four FRs,
arranged from amAsasédensin e thmgf'&hhﬁmgldbal’mﬂ ami Santlrood)”eeféﬂb la@ivcogrorinder : -
FRI, CDR1, F v I ns of e heavy and
light chai n@“@&ﬁﬁ?ﬂeﬁﬁ‘PmPWgaﬂﬁﬁﬂﬁ?"?ﬁ‘a? ?]5 § 'Pﬂnrifﬁ E’(i gen. The-
constant regdisuifidetonds) EacliVhaany tiaiiois eGmpeised aedheavpcﬁatmvahumd regipnof t he
| mmunog Bul d &Jrew c?ﬁetrelxg Lssﬁ%i 09 rV}-{) Ii OLeaVy chain constant region. The heavy chain

constant region is comprised of three domains, CH1, CH2 and CH3. Each light chain is

comprised of a light chain variable region (abbreviated herein as LCVR or VL) and a light

chain constant region. The light chain constant regibn is comprised of one domain, CL.

i-

The VH and VL regions can be further subdivided into regions of hypervariability, termed
25 complementarity determining regions (CDR), interspersed with regions that are more

conserved, termed framework regions (FR). Each VH and VL is composed of three CDRs

and four FRs, arranged from amino-terminus to carboxy-terminus in the following order:

FR1, CDRI, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light

chains contain a binding domain that interacts with an antigen. The constant regions of the
30 antibodies may mediate the binding of the immunoglobulin to host tissues or factors,
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20 binding portion" of an antibody. These antibody fragments are obtained using conventional
techniques known to those with skill in the art, and the fragments are screened for utility in
the same manner as are intact antibodies. |

] The term "monoclonal antibody" as used herein refers to an antibody molecule of
single molecular composition. A monoclonal antibody composition displays a single

25 binding specificity and affinity for a particular epitope. Accordingly, the term "human
mbnoclonal antibody" refers to antibodies displaying a single binding specificity which
have variable and constant regions derived from human germline immunoglobulin
sequences. In one embodiment, the human monoclonal antibodies are produced by a
hybridoma which includes a B cell obtained from a transgenic non-human animal, e.g., a



hybri doma which includes a B cell obtained froma transgenic non hunman
animal, e.g., a WO 01/19842 PCT/ USQQ 25558 -23 transgeni c nouse, having a
genone conprweionmesa human heavy chain transgene and a | i glrtr/ushnissss
transgene fused to an imortalized cell.. The term "reconbi nant human

anti body", as used herein, is intended to2¥nclude all human anti bodies
that are prepared, expressed, created or isolated by reconbi nant neans, 5
such as ant i biasisgenici meysetheving a genome camprising ¢ buman heavymbaindiansgeng arids light

transgenic focfhaﬂ%ﬁﬁ&keh@?ﬂééﬂglaﬂﬁ!%b&l & antibodi es expressed using a

reconbi nant expression vector transtected into a host cell, antibodies
i sol ated from a r dhemdrinisacombinantibiuman antibady"hasused hesein, iibintbpdéd to inolude atir

ant i bodi es pr . ' ans

That 1 nvol vocp A e 88 Beepkief Inpisedl, cheit 8 B0 b7 RXaBhlgh MEBREY 10
sequences. 510uSuatentibadiestisaletet frém amanimal (e.go dinemsd) thaeis wansgaiit dordethag onst ant
regions derived fr . L ' | ] uences. |.n certain
embodi ment o, 0@ Pbul FFRA: SEfoboik! SoleR A, € R B RSB veesb O e
in vitro nut arpasfested ingaa hostvedinangihodies isdléted fromagepembinaftpconthinaorial bursaguences
Is.used, in vy ticC ' he am aci d_seqguences of
the Vit and 120} BerbRRiror AMRHER BRh BHeckll Beki O 0 AR WP bR MR ™ S
whi | e der i vedhitrimvohas splickigat bumaminimmeglopdindenaiseqiricesta otller BNALsequeases. nay

not natur g}l v xist,within the.h n_antibod ermine repertoilre in vivo.

A nucter ¢ i Spef icBippibiiias Sp0UFRyE Ror Bl b Bt bl b SREVERES, ona

rel ati onshi p humah igesmiing iramumgbdbelix seqoentess dg vetaireembodimentss hawever, siechpr onot er

or enhancer is_opera i nked. to a .cqdi sequence i f it _affects the

transcripti onm%ﬁ%pé‘éﬁaﬁeaﬂé%oﬁweﬁuwggﬁde@? " F’grgfamfgf?fﬁ%s é ri"|c')v o ?“é”éﬂl atory

sequences, oOpteansdehnic for hvkvad Igreguencesiatiset hie vEblomatipinantagenesizd amiithud the kethoar e

conti guous and,, where nege r | 0l n rof.ein di.ng_reqi ons

conti guous 2 sErGepEes F € ViRV sl of U rlB{pRbifend afifibaidlnk Stngrids that

used her eilf, wisleidetiesddian drel relafed ko livinan gemdline i VH amlcVI seijntees) 2y aanaibiralyof .
ci,d to.which i.t .nhas been |inked. One 25 type

transporting anot her .nucl eic .
of vector is eélsgmqg‘gﬁli‘%“’fnwté d¥§?rgﬁh§°fe86r§°“(,§i’73ﬁ?'ar doubl e stranded DNA
| oop i nto whi ch adthicleivaid iDNpemblyimked) whry itieplaced dite d fundtiariah felatiopghép of -
vector is a viral vecto erein ditjonal DNA se nts 1 gat ed
e ot he vi v ayghatieEmRleis sl St B inelaREe  miohigrE SRR R Sheraty ikl
replication itagodifgieqtence ifiituffactithe tandckiptiorodfahd safuenctl (With feepegt to

20 transcription regulatory sequences, operably linked means that the DNA sequences being

linked are contiguous and, where necessary to join two protein coding regions, contiguous
and in reading frame.

The terms "vector”" or "construct”, as used herein, is intended to refer to a nucleic
acid molecule capable of transporting another nucleic acid to which it has been linked. One

25 type of vector is a "plasmid", which refers to a circular double stranded DNA loop into

which additional DNA segments may be ligated. Another type of vector is a viral vector,
wherein additional DNA segments may be ligated into the viral genome. Certain vectors
are capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian vectors).

30 Other vectors (e.g., non-episomal mammalian vectors) can be integrated into the genome of
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20 Detailed Description

The drawings are first described.

Figure 14 is a schematic diagram of a construct containing the genomic sequence of
the light chain (LC) of humanized anti-carcinoembryonic antigen antibody 431. The
location of the signal peptide sequence (s) and the light chain variable (Vk) and the Ck

25 regions are also indicated. The location of the restriction enzyme sites is also indicated.

Figure 1B depicts the nucleotide and amino acid sequence for the light chain of
humanized anti-carcinoembryonic antigen antibody 431. The location of the restriction
enzyme sites is indicated.

Figure 2 depicts the nucleotide sequence for a Sal I insert containing the coding

30 sequences for light chain of humanized anti-carcinoembryonic antigen antibody 431.



enzynme sites is indicated. Figure 2 depicts the nucl eotide sequence for a
Sal | insert containing the coding 30 sequences for |ight chain of
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construction 03#‘&?1 e’z?%ieagv?argﬁlgfrﬁ %‘P‘éﬁ?%sg.e . a'l'—t}bﬁflfgjéng Tiz‘g e g]ﬂﬁag ﬁléaéln %\(Flgw of
t he nut at 1®nsh¢ hinge ghionuThalocktion ofithe rgstriztioménzyine sires itindipated;i des, at | east
in part, transgenigally.produced .fusion. 25 Dprotei wher ein _one nenber of
the fusion protei rﬁ esé??n s@%@ﬁfgla%(ﬁa‘lc nf&“mcgﬁgcg?tﬁlg}ng eRpRp eavy
chosen, or nufhihiof Huminized AAtiFeirinGssta vty antigérantibedyci3l ilinkdd to thdpsr  of
subunits. In_one enpbodi nent, the fusion protein includes an | nmunogl obulin
subunit (e. g.glucyppnidase sequence. The location of the silencer, 5° B-casein untranslated region, the .
heavy chain mutant/B-glucuronidase fusion coding region, and the 3’ B-casein untranslated
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Figure 7 is an overview of the construction of the heavy chain mutants.

Figure 8 is an enlarged view of the mutations to B-glucuronidase

The present invention provides, at least in part, transgenically produced fusion
25 proteins wherein one member of the fusion protein assembles into a multimer and the other
member is chosen, or modified, to promote assembly into the optimal number of subunits.
In one embodiment, the fusion protein includes an immunoglobulin subunit (e.g., an
immunoglobulin heavy or light chain) fused to a toxin (e.g., a subunit of an enzyme). The
immunogloblulin-enzyme fusion proteins described herein serve to target a cytotoxic agent

30 (e.g. the enzyme) to an undesirable cell, e.g., a tumor cell. For example, the fusion proteins



I mmunogl obul i n heavy or light chain) fused to a toxin (e.g., a subunit of
an enzyne). The i mrunogl obl ulin-enzynme fusion proteins described herein
serve to t amgedi/iesseyt ot oxi ¢ agent 30 (e.g. the enzyne) toperushadessrabl e
céll, e.g., a tunor cell. For exanple, the fusion proteins ill:l WO

01/ 19842 PCT/ USOQ 25. 558 -26 descri bed 74§ “t he Exanpl es below, (i.e., an
anti body agai nst_ car ci noenbr%grii c antigen, éCEA) fused to an, enzyne, e.g
gl ucur oni das 8§scEbed ip the Fxappled belaw, (b ¢., an antihody against carcinoemprygnic agligesni ng
sufficient t{(ORAYRised'th an bnpyiie 008 Ofliiduirdiri €3)6AR bé el @ ket kP fbof Belft Afbre
tunor site, a non-toxic prodrug, can be adm nistered. This prodrug is
converted to2dowingmificienttimedfor the nmuneglobplip-gazymefpsion torocalize at thegamersitenzy ne
| ocal i zed<at ahbﬁ‘-t&xiﬂ”ﬂ}fydrﬁ% Eﬁmbe%miét&bmmiepﬁamg%&nvé&ea&@glj@%&ﬁ&&&é S of

the drug w thout unacceptable toxicity for the patients. 0d I on of

| munogl oBul Ag bX thaastien efthe tasastedisneimedgenliged at she tamgrsite permigiing toackjeve a
cel | surfacegpfpt@icledets df the drdPwithdu i oroduced by a
variety of techdr?i quees, I nc t"udl hg con%%%%p%&l%%éﬁg%ﬁ&gﬁti body

met hodol ogy e.g., the standard somatic cell hybridization technique of
Kohl er and MplsiuStida: hs 495 (1975). Although somatic cell

hybri di zat i O%M%%fgrred, in principle, other techniques for
produci ng nonocl oAdnongelond) eukibody agpinsba tangstt antigdn,e.gy.a cell isurfice proteim (gyeni ¢
transforngfi fry B k% -E.hﬁ . ] ' H@k‘ r
prepari ng hygérlie%orr%’as igpgﬁ’gb\ékgﬁuﬁe gysteﬁ?%ff%‘}%rrﬁgudeg’qrrg pro%%oéittv%gar?ﬁ'lgln t he
nouse i s a vawopogienal antibpdihingthpdalogyress: dhieistendatdwomatic eall hybridigativndechhisjuand
techni ques fQFrhe! AkiNBR: | ' n red UsiiQp . &r e. known in
the art.  Fus SRS BB, Nl 246 A8k 0707 POLGR ot 4TS Bogich
procedur es apeeceduses akaofarredsiimprincipie: othentecliniquas foo prhidesing mdies)ond] antibbdyd

agai nst huma Hﬁ%’ﬁjl%g%%g"% ‘3Qn&g@ﬁé?&ﬁﬁgﬁﬁﬁ@%eftﬂn@ﬁ@’g&?{é m ce carrying

t he conpl et e hunman i systemr yStem Spl enocytes
from t hes¥ t r ansgEhe mefoirecbanimahspstene forpirepariogleybridomasein thefmurinaspstast are used

to produce hyRgl hupan S Wi eci.fic affinities for
epi t opes f roﬁgﬁ%%&p@gé%ﬁﬁ&{ @élgs,e ‘seé.%‘? %'S%Fﬁ%qspgoﬁcﬁ?r&r fappgization
Appl i cati on yOtocols/add @Citiqus fdrdsolatipa bf ineturdzed splefocytel far diasi dncite Midvehlih 174 1;

Lonberg et a L er ' . | cati 92/03918: Kay et.al.
| nt er ngt i ona%m'A%:)ﬁc!%ﬁﬂ‘?%cﬂa;ﬁlEl %%%7%§§%§€y{ogh%°§ﬁ§,a\éﬁmé@ m%ﬁegmisgqj%alﬁﬁm‘@'
368: 856- 859; G eecHumin inoncelonal antih&iies (MAbsy direCied @gainst nidanpkoteddd e4r 50N,

20 generated using transgenic mice carrying the complete human immune system rather than

the mouse system. Splenocytes from these transgenic mice immunized with the antigen of
interest are used to produce hybridomas that secrete human mAbs with specific affinities
for epitopes from a human protein (see, e.g., Wood et al. International Application WO
91/00906, Kucherlapati et al. PCT publication WO 91/10741; Lonberg et al. International

25 Application WO 92/03918; Kay et al. International Application 92/03917; Lonberg, N. et
al. 1994 Nature 368:856-859; Green, L.L. et al. 1994 Nature Genet. 7:13-21; Morrison,
S.L. etal. 1994 Proc. Natl. Acad. Sci. USA 81:6851-6855; Bruggeman et al. 1993 Year
Immunol 7:33-40; Tuaillon et al. 1993 PNAS 90:3720-3724; Bruggeman et al. 1991 Eur J
Immunol 21:1323-1326).



S.L. et al. 1994 Proc. Natl. Acad Sci. USA 81:6851-6855; Bruggeman et al.
1993 Year Immunol 7:33-40; Tuaillon et al. 1993 PNAS 90: 3720- 3724;
Bruggeman etwabi/198291 Eur J | mmunol 21:1323-1326). WO 01PCEDBSM/25558
PCT/ USQQ 25558 -27 Monocl onal anti bodi es 7can al so be generated by ot her
met hods known to those skilled in the at4’ of recombi nant DNA technol ogy.

An alternative nethod ferred to the "conbinatori antib di spl ay"
met hod, has been M‘U’QF‘BB‘@H“@(? ) AR e&ﬁ’&?"ft ya-tg 3%5 gklﬁ%ﬁnts

havi ng a par tskillell & the it bfieconthismt DN(Ai tfeshnolgyl Analtdimative nietma,defeﬁe@mﬂume 5
nmonocl onal antlbodles Scripti of, ¢ nt bo di spl ay
see e.g., Sasfebingto na&(anq?ggg %tgo%l; ?—E"B’ dotﬁll&n ﬁ%

246: 1|275 ﬁn%@d@fﬁgmeﬁts R&v;’rgfléiﬁ&damb d&txg%ﬁsﬁ%ﬂiﬁ)ty aﬂcﬂbamlr)belduninmllta pft@uéH”I f
animal with an imrunogen as cribe o repert |reo
the resul t? ndnenogiopal “g'b‘lﬂdmf O "ﬁ?f&ﬁ“"‘?\&b"ﬁ@g F‘glaﬂg ?fg ?

obt ai ni ng t he.l E?bl@ BRAY 8667280 Hude 1t aly 398982 leRcd PAGLINS; a0l Oillaﬁhl‘éﬁdlSESPWMlS'at i on

of 10 i munogl obulin nolecules b by using . a m xture of .oli pri nmers and
PCR. For i ns&ér?@é )- Affex Bemwnizipg i ame Withen mmpee %enéﬁfi?s'&%%ggg?‘ﬁ'gﬂ?o the 5'

| eader (si gnaluiBsiyirépifbirs SFANSRSREng BUasl ﬂfol {s/cidred\OMthddsrt gensRUY RAGASSor S
wel | as primer to a conserved 3' const r.egi primer -can Ee used for

PCR anpl i fi c@btaghngthe DA segusnge ofithe yar ]F"c'ﬁ‘l%ﬂs %Q’r"F%P‘%P“P@'@?B s from a

nunber of 1aUNi}ERineRbiniRGhdsculel BY GiifKa Mixta@t of difder BHirAérs 4 PCRICEor instance,
11: 152- 156) A simlar 15 strategy can aI SO been used to an%glf human

heavy and | i griked-eligopucieptide priraers gorresprdmedothe R leadsr (rgnalpont NFs ck et
al ., 1991, N%H!Bpﬁmn%?@g’l@ﬂ s&cﬁxeﬁ&& hae Wl a8 prisdnto R kSi¥rved®3' LoStahd flion! N an

il lustrative enbodi nent is isolated fromB | mphocyt es, . for _exanpl e,

peri pheral bIpser gan bedised,ionBCRamplifigation ofthe heayy apdlight chamm yasiablg egiops fomn dar d

protocol s (e. g be?&n%;ﬁeaﬁi%oai& Ll‘dﬁaclélat%@ﬂoﬁwze@m i11:183-156). ARMARar( 1989)
86: 3833-3837; Sastry et al., i1989) ’86: 5728-5732;. and_Huse et_ al

(1989) Sci@netategpeanalg beergised o e R L 1ght§he9 weTiable Tegions feqmp g
primers SpeClhfuhﬁnBﬁﬁboHie@(Lcam&te@mt 1900 LRPholf: AddpahBR Yy MeMadsth Enzymidtbgpach  of

the x and X |i t chal ns, as well as primers for the signal sequence. Using
variable regt @R prinmers, the vari abl e regi ons of both heavy and |i ght

chains are anplif E@Qullﬁﬁ&ﬂv@én&ldﬂﬁﬁt RNA 1§ iSoMTRi AGH B I9RphRPEs, fordkkhgle] Nt O

appropriate vectors for further manipulation in generating. the di sp1 ay
packages. O ipgopheea! blood gellsphangmazowserrspleen prepasgtions.using FW potgee)s -8

20 U.S. Patent No. 4,683,202; Orlandi, et al. PNAS (1989) 86:3833-3837; Sastry et al., PNAS
(1989) 86:5728-5732; and Huse et al. (1989) Science 246:1275-1281.) First-strand cDNA
is synthesized using primers specific for the constant region of the heavy chain(s) and each
of the k and A light chains, as well as primers for the signal sequence. Using variable
region PCR primers, the variable regions of both heavy and light chains are amplified, each

25 alone or in combinantion, and ligated into appropriate vectors for further manipulation in
generating the display packages. Oligonucleotide primers useful in amplification protocols
may be unique or degenerate or incorporate inosine at degenerate positions. Restriction
endonuclease recognition sequences may also be incorporated into the primers to allow for
the cloning of the amplified fragment into a vector in a predetermined reading frame for

30 expression.



may be uni que or degenerate or incorporate inosine at degenerate positions.
Restriction endonucl ease recognition sequences nay al so be incorporated
into the prwaenats allow for the cloning of the anplifiedrismpsept into a
vector in a predeterm ned reading frame for 30 expression. WO 01/19842

PCT/ 1 JSOO/ 25558 -28 The V-gene library -@8oned fromthe

i rmuni zati on-deriyed antibody repertoire can, be expressed by a popul ation
of display pac kagﬁ@?vﬁwl&f%ﬂfmﬁfbﬁﬁﬂv&f imymyypizationsdestyed aptibogitggertoireaf or m an
anti body di sp¢ @prdssdaty apophidee Aﬁﬁispiabgaa&daéé%', PRéferbHF RIS & AR tdhsSYSt em
that allows the sanpling of very large variegated antlf)o y display
libraries, rBbAgs 85 anpntibodydisplaydibrary fIdpallys the display aackage qompriges asystemasy

i solation of HahQlow3iheXadh¥pli Iofd adl 0ES: . addi tion
to commercially avail abl ell%?%e%l%{%gﬁﬁeéﬁgﬂtefe%u%ﬁgg%ﬁ é¥ g%ﬁg%’ ﬁﬁdb%og}l}%es
(e.g., thé Pl sach atfiimtysspasatioaroundhandsasyisolation,of Siesntibodygenefron purified
27-9400-01; r tommdrd; | Lt atal og no.
240612), exad_ﬁ#lg}éﬁ%?ag%n'eﬁ% s.gnd rea%éﬁfga%ﬂ?%ﬁﬁfg}r%%%hﬁ% I(’)l?yuse in
generati ng aﬂgram%g-at,éw PhamagiscRecambinans Bhage Aritibodyt Systemycatedod v 27-9400-01;0r
exanpl e, Ladpey,e | . U.S. n . D, 223,409; Kan et al,

| nt er nat i onapdgﬂ%%?%%ﬁcpgﬁw%f%%ﬁB%,ﬁtﬁﬂﬂg?g%%‘éq%.lz)r Fraaplesof onal

Publ i cati'on mishodsMRddagem? Paticiliirlyt enstile fr usd iﬁtgeﬁaamngahe\a%&hlahﬁ@é' n WD
92/ 20791;10I\/aaikllan et al Inéer ational Pyblication No. 92/ 15679;
Breitling et S5paY {oraty.can be finn Frample. Iadugpet a4 Batent Nop 5223.40% Kang ol

| nt er nat i onaét aPUideinafiériabPubleatiod®dd WO 38148619 Db war & aE Intéhationd PuBli&liegt | onal

Publ i cati on . 1Q90;: L er et a I nternational Publication No. WO
90/ 02809: Fugﬁ'swﬁa@ﬁzgii@%? %ﬂ%‘f&@ﬂﬂ&k BuRlicgtioms W) 9242079 1; Markiand gtal. (1992)
Hum Ant i bod Intbrhatioflsl PablicktiSi N8 SWOH2PB679; mbiﬂir{\%f@a%te%dﬁ?ﬁﬂ PuBitids o 1281,
Giffths et 99 MBO J.12: 725-734. Hawkins et al. (1992) JMol
51 01226 869- SHRIIEE M o, mterpatigua] Publigstion NoWS BA1 067 t al.
(1992) PNAS Bfkritiitfial ¥uBlkiati NG 032/03690; Lh8%e} bt AOmBritidRs B ca60h No. WO
9:1373-1377; 9676%&@0%@ @I . bg,l%gé%‘?Nuc Acid Res 19:4133-4137; and
Barbas et al~ yue -85} yia/ Tecfmology 9:18 401 312 Hay Bl (V87D Sum Arsibod
regi on donai Hgbridomas 3:8Y-83 HudeleOAll (1989)isen&DA610275-8781" 65 Sane
-pol ypepti denﬁwlgne]egc% flexibl e( | iiggr?ker nt o forma sin I?@ggﬁgi gbg;\)
fragment, a %én’éla‘@ﬂb%“é&h E199R)7 MpbRieli236:889-89RLladstn el X MWpssi on
vect or ?r' SgNm?é@%sgmgﬁ-G& BANAY9D) PNAT 703980, GalfadalA Qidony et al -,
ure. : -
j28 z?io;Techno?agy 9:1373-1377; Hoogenboom et al. (1 991) Nuc Acid Res 19:4133-4137; and
Barbas et al. (1991) PNAS 88:7978-7982.
In certain embodiments, the V region domains of heavy and light chains can be
expressed on the same polypeptide, joined by a flexible linker to form a single-chain Fv
fragment, and the scFV gene subsequently cloned into the desired expression vector or
25 phage genome. As generally described in McCafferty et al., Nature (1990) 348:552-554,
complete Vi and V1, domains of an antibody, joined by a flexible (Gly4-Ser)3 linker can

be used to produce a single chain antibody which can render the display package separable
based on antigen affinity. Isolated scFV antibodies immunoreactive with the antigen can

subsequently be formulated into a pharmaceutical preparation for use in the subject method.



conplete VH and VL domai ns of an anti body, joined by a flexible (GlY4-Ser)3
|l i nker can be used to produce a single chain antibody which can render the
di spl ay packegeseparabl e based on antigen affinity. | soPcr/esho2sss/

anti bodi es i nmunoreactive with the antigeg, can subsequently be fornul ated
into a pharnmaceutical preparation for use“i’n the subject method. WO

01/19842 PCT/ US00/ 25558 . - 29 ce displayed on, the surface, of | spl ay
package (e.g., filCnepispiaxe ﬁH%&s}’ffg‘f"r@.a%ﬂgV Bsi9es @ﬁr&ﬁ?‘@?ﬁeﬁ’@gﬁ@ with
the target anjiiBsdy libedry ReBetddd WithaBsmipet intigers; of peptide frap@mint thyreof) riderify at e
packages that express an anti body havi_Fg i}gecific.it. I,or t he tt aﬁ%@t

antigen. Nucindiilatepagkagas that sxprepsan antipodyy W%FR"F‘@B%X/ of the WESL AR Der ed fr om
the display Pah@dfiPercdifly the sélodied Antibodiagn by Roeverd frundithe displap packagert 0

ot her expression vectors by standard. reconbi nant DNA tec?)gqllﬂ,u s., Specific

anti body nd| degh&em e phage genore) a4 supelaned dnto gther gxpression,yegt e made

accor di ng toﬁf&n&ﬂﬂﬁtbﬂﬂw& ubdiose in the art, e.g, nethods involving
screeni ng of | brari es (‘Lelllgir?er, R C ent 5, 233,409;

,. et LU S P
Ladner, R C., et d&pecifi¢antibodymelgeulesovith lﬁ@‘B%B‘H)’S. f%FﬁFa ¢ Profeipcanbede of

these |ibrari orfifi 1O RetSR%nbRn EFHhERNA tHeQrOR}, Fhdthdd RVbRing dRbERgONANt S t hat
are mnetics of t structural determ nants of a t}gzg&i es. b&gart i cul ar,

the Fv bi ndi ripresies(badaetoR -Gy, e gk (48 Fasant 338345941 b VS BEER with

its targeggli %@o??as@f.qq{rﬂwﬁxefx&ﬂ% BEthEedibradits 630 Bk QiddiRE@éel o dbMiebiading ONS,
hence sequenc ata” for VH and VL (the latter of whjch ga%% be of the x or
X chain type)dqf%mmtslﬂ&éi‘rs%F“%PS?@FH“%WW@%‘P‘?ﬂg“’f-‘@ ' ques known to

those with skill ifphkeus! the FP8indidgSuice o & pifiail@iafititody hittuletiftadacts Offr i Ses
the binding determ Rants can be obtained fromantj uence

1t | body, se
i nf or mati on, itptargetligged mgrd;ygé%mlée&&fmmeiwm%:mﬁa% FIGF Srajence data
t hr ee- di nensi I | ' 3l 1he Badis REpIRGH
studi es or cr{g’PgH aggwépuﬁeg{l%g? g{vm%iégﬁpfg %?ﬁl‘eliggg’ldg%?g?a% h, J. and S.
Sheri ff, 3996engRiesrim tehniqiés knwn to thuseokith skithisl théeave tDetdll§ of fhe prot€in birface 57

O s e o TR APl ™0
Engi neering  jRfdn@GeH, by a hdaeiing pRicedie usimt gradioustydetappingd thidk-dimensidtahns on,
UE1 20t | de ArRMEIRSH FOmHeE SBihogive Bbained AR s i S istohic Bl ot £1°°
op. Cit., PP i bomploBdibrai\E aR'S WheAHT996 2Profiris EYIRCE AP and Geheth2 £2), i S
ex pr essed 28y ?SZF-JIOSQI?{Nae{);tgrP D.?JI. and A. R. Rees, 1995, "Molecular modeling of antibody-

combining sites,"in S. Paul, Ed., Methods in Molecular Biol. 51, Antibody Engineering

Protocols, Humana Press, Totowa, NJ, pp 17-49; and Johnson, G., Wu, T.T. and E.A.

Kabat, 1995, "Seqh_unt:. A program to screen aligned nucleotide and amino acid sequences,” -

in Methods in Molecular Biol.51, op. cit., pp 1-13.

25 In one embodiment, a variegated peptide library is expressed by a population of

display packages to form a peptide display library. Ideally, the display package comprises a

system that allows the sampling of very large variegated peptide display libraries, rapid

sorting after each affinity separation round, and easy isolation of the peptide-encoding gene

from purified display packages. Peptide display libraries can be in, e.g., prokaryotic

30 organisms and viruses, which can be amplified quickly, are relatively easy to manipulate,




di spl ay packages to forma peptide display library. lIdeally, the display
package conprises a systemthat allows the sanpling of very |arge

vari egat ed woptmngdez di splay libraries, rapid sorting aftearcTeeslrssd inity
separation round, and easy isolation of the peptide-encoding gene from
purified display packages. Peptide displ QQ'I | braries can be in, e.qg.,
prokaryotic 30 organisns and viruses, which can be anpllfled U|ckly are
relatively esndw 8‘ e caeation pf large nymberof slpnes, Prefemedutisplaypackages 30 and

whi ch al | owsjricfige %ﬁ‘eihhﬁl@ RhetaB¥edAciRHARENS, Bch&iaP%&s dﬁﬁ%&{ preféraBlys pl ay

packages include, for exarrpl e, vegetative bacteri al bacteri al

spores, and hestariahyinses (gspegially BN viruses). HPW%E@%RS%@@PEHPWW viruses).
However, the ph&Rfiks thoys ea&;ﬁuﬁeeuscm&e éas@&dttﬂ&r%baﬁ'es% petkadiyoti c

cells, |nclud|ng yeast and theiTr spores, as potenti al dlsplay packages.
Phage di sil agisplpvpagkagss. Bhage displey 1i jessasedascrited gbovet echni ques i ncl ude

affinity chronmat " hget
ant i geny foll ovveg%y dent | 212?' on o# Eﬂrﬂ&'ﬁ %rsli gt egP%xaﬁgro Sgtggrent s&or
| i gands by egnetaugst emen,tfenmdcpyeéen(ﬂﬁcgwn ofrthe dsolatesihindingagents anigapsyy
Pr ef bly,

referably, phe. @%Fﬁ%@mqgé‘sf@%%asé §pe %&Ml& %64 orab' thé sdhuble

fl uor ophores, radi o ot opes, um nescent
conpounds) t mcptmancctmlga@ﬂ@m bdelt ¢e.8. rthqowhereat, colarivhetsicieuzymass, 1adivisotapgsi vel vy,

| mobi | 2 sggomt;&ﬁt &iftfbollt ag@h &B'b\éﬁlet)!ctédeéo%?cﬁ&?eég%gd aind&pfg?ﬁeﬁag&gg,use

through a nenbrane to | wth a rece i es of
conpounds cammpbibizedsompennide sinrkecselgitively’ rplag?sd andallomed tediffusecthiodgna i ty  of

each nemnber ., WC Still et al., International 15

Appl i cation %n%%%gdog%?a[&’ g%ﬁ%@%ﬁg, this nmethod features the use of inert

but readily det e@@mbh@tomdgbr,anbhdwmeumi_sBandimbetsanﬁltimedaﬁthd'ms!bp@moder to

the Conpoyndglei&%ﬁ%&ga%%é%ﬁr f@gﬂ séeS ek?étﬁﬂz ettc@elniegr?al%ﬁatly of the
etermned by | entl Trcatiron ot

conpound is que’ acconpanyi ng tag.
Thi s t aggiSng Applidation M€ $4/68050 h dngymdrfﬁﬂ;hismaﬂfodlfwgw ﬂhe bseanfiimest toik readinpounds

uhi ch Can be gL URRAL Bk ShaPlee YLl hd SYS biheBHBAR hOckilBhas Sinlonbhve

conpounds termno I'ed Yy is So i ntended
to include artmjmmdd lssletestedhheaslentrm nbihe oormpovad is deteemined by identificatiomofithdodi es,

and humani ze | hodi es. ve .bee dified b e. Gy, | eting,
2ddi g, or S A EEMETmE M e B e iy B siinask ofjsees Wordcs oF
compounds which can be identified at very low levels among to total set of all compounds

20 inthe library.

The term modified antibody is also intended to include antibodies, such as

monoclonal antibodies, chimeric antibodies, and humanized antibodies which have been
modified by, e.g., deleting, adding, or substituting portions of the antibody. For example,
an antibody can be modified by deleting the hinge region, thus generating a monovalent

25 antibody. Any modification is within the scope of the invention so long as the antibody has
at least one antigen binding region specific.

Chimeric mouse-human monoclonal antibodies (i.e., chimeric antibodies) can be

produced by recombinant DNA techniques known in the art. For example, a gene encoding
the Fc constant region of a murine (or other species) monoclonal antibody molecule is

30 digested with restriction enzymes to remove the region encoding the murine Fc, and the



an anti body can be nodified by deleting the hinge region, thus generating a
nonoval ent 25 anti body. Any nodification is wthin the scope of the

i nvention sed®@ngssds the antibody has at |east one anti gKlTﬂEﬁOWEﬁSﬂQ regi on

specific. Chineric nouse-human nonocl onal ,,anti bodies (i.e., chinmeric
anti bodi es) can be produced by reconbl naﬂt DNA t echni ques known in the

t. F | e di F t
ot her Spect o iTHeBaRBar ARt A R o Lean e Ra BB BT, O o

e nzy WESéOIt O I ERObiRoh Bl.| Bgneition) mdﬁmbnmomncrmsmzzm Akirhet MOEDf0peNB42
PCT/ US 25558 -31 .equi ortlo e n Fe
const ant regll@FFnFépgl ][aslfﬁgg’ M@E ?gwr}eéfmgﬁpﬂ ﬁ?nglrﬂ:’;“&algbnal Pat ent
Eg 2 | |1 g gt I $ n H@Aﬁ&ﬁ&h /aD,Zﬁﬁ&)ead\katéﬁAp@ncaabn 17£4mpnaasergepataenmaﬁmbnat ation

an uc | e at ent rrison et
al ., Europ a W&Q&Eﬁ&gﬁi gﬂb‘ﬁ dﬁ%‘ﬁ'ﬁ ‘8&6563761 gb?n}f?{t Ynational 5
Alt0p| : cati En \/Ear%e&gﬁft&ﬁfx ibh 250233 Bettdbletl. (Pséemtenemmaoamo%mm@m 1y
et al., ur opean Pat en e nce
240: 1041- 1043)987) PYASB4ZA3 ?‘t“fgg*?)“gwjé?’agz@ o L%SSE'?’S&%W ?ﬁ @853 .
| mrunol . 139: AH4584346 18 Nizhigfurdpét al. (mﬁmancmawmam Zﬂl&)dd’slalshi%ﬂ)a et
al ., 1987, Canc. Res. 47:999-

and Shaw et dYature33&446-449; RBF!&”@%E‘E@HI%?%S} N“%S 3’521?)%3‘%3%1%9%2 gﬁ?ngflgc

antibody ggn be fump Bﬂheﬂé‘&ﬁibbgféhnbﬁé fiirfiet Rehanired Byl tephcing sefuehdes of the Fv
vari abl e regi on which are not

rectlylnvolvedl ntigen hi dlng wth
equi val ent  svalnegioniyhich ane /el qirpsHly jRyalved in antigen @ﬂ@iﬂg l’éﬁ@ﬂ‘gy Fyi ews of
humani zed chi eesffbmm%lwalaame RERME. cke@eahemﬁv& bﬁmﬁna:ﬁedhhxmeﬂlSSS
Sci ence 229:1202-1207 and b el at é}ﬁ?B @gﬁ £3 4b2 Those
met hods i ncl LApEbodiesage prayided B’iﬂs%'blsnb et 2%2‘ g pnekby Ot gt alc “aci d
sequences thaf988%Qﬁ&hﬁikiesqumaf’l%oégmétmﬂsrﬁﬂmidel%élahﬂg,li\{anwwaglaad regl ons
fromat | east one of

eavy- or ht _chai our ces,,of su | ei ¢c.acid
are wel | 1 osmaressing the Suclaaqid eaquenies the crode 3 arp*msf (f‘g’ ﬂﬂ& bie
obtai ned frong D’\éﬁﬁs fréif aflBdst one@?!ambddyloah@mtchmdso@éeedﬂﬁicngmhgibamdmeuThe
r econbi nant encod m& the chinmeric antibody, B g_rr%[}h?t her eof , can
then be cl onekhommitethese skilled it at ands fosexample, may e 'ia“‘e 2ff 0 umani zed
ant i bodi es Ca@pﬂ{,meaﬁt?&ouy ouu&@g[ﬁybﬂd&ﬁedrme&m@ummtemmmmmmt ent
5,225,539; Jones ef at. 1986 Nature 321:552-525; Verhoeyan et al. 1988

Sci ence 239: &fiBddy, anftagBentthercofotandhen be@BBed into annappropriatd 4XpresoH8 vahSo .
20 Suitable humanized antibodies can alternatively be produced by CDR substitution U.S.
Patent 5,225,539; Jones et al. 1986 Nature 321:552-525; Verhoeyan et al. 1988 Science
239:1534; and Beidler et al. 1988 J. Immunol. 141:4053-4060.
All of the CDRs of a particular human antibody may be replaced with at least a
portion of a non-human CDR or only some of the CDRs mﬁy be replaced with non-human
25 CDRs. Itis only necessary to replace the number of CDRs required for binding of the

humanized antibody to the Fc receptor.
An antibody can be humanized by any method, which is capable of replacing at least
a portion of a CDR of a human antibody with a CDR derived from a non-human antibody.
Winter describes a method which may be used to prepare the humanized antibodies of the
30 present invention (UK Patent Application GB 2188638A, filed on March 26, 1987), the



Al'l of the CDRs of a particular human anti body may be replaced with at
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anti body havi ng nouse ~CDRs, ami no acids |ocated in the human, franmework

region can (s6idf insntad edhegomesnonding pesifipns inthe mopssentikady o Sueh WhKYH®WE g8 di ng
posi tions 'ﬁm&@ﬁtd‘ﬁg»ﬁe%&dggfbgﬁum&%aﬁﬂﬁb’ﬂiés&&ﬁmb%fgeﬂhﬁsoni‘éﬂ%cé@ i mprove

bi ndi ng of hurani zed anti s to the antigen in sone instances. 10

Ant i bodi B8 iAnthpdierin apiiakamies aidshevebosn ededdisisied, oramlaated st ToBaB IO ut ed ar e
referred toy, ej:bg#él,ﬁbmdrm@wdiegqra%mq?&ﬁesor altered antibodi es. Target
pre

Antigens In erred enbodi nents, the first nmenber of the fusion proteins
of the present 15 invention is a targeting agent, e.g., a polypeptide

havi ng a hig&aﬁrjﬁ%&% for a target, e.g., an antibody, a ligand, or an
enzyne. Acc he fusion proteins of the invention can be used to
sel ectively dire Pr("@ﬂ'gdembW%#%@WWM@PW%Qf@#M@%@% protein

be an' | mimca ot T AT RAe Rl ¥ SP%?%PLW“?%“W“% B S%ﬁ*%ﬁ?”g?r -

antigen). | wnthqdwfaahgaemm mms Atcmﬂm@lvgb@ mpgmns t#tlpmgmnm
surface of %s&ﬂlolselr:ﬁvgl ydird (88 SlobAE) tﬁ@Lécox?&&ﬁQn@er BY BERRSI prbieindb tnee Ce' !

(e.g., a cancer ce
vicinity of an undesirable cell.

For example, the first member can be an immunoglobulin that interacts with (e.g.,
20 binds to a target antigen). In certain embodiments, the target antigen is present on the
surface of a cell, e.g., an aberrant cell such a hyperproliferative cell (e.g., a cancer cell).
Exemplary target antigens include carcinoembryonic antigen (CEA), TAG-72, her-2/neu,
epidermal growth factor receptor, transferrin receptor, among others.
As used herein, "target cell” shall mean any undesirable cell in a subject (e.g., a
25 human or animal) that can be targeted by a fusion protein of the invention. Exemplary
target cells include tumor cells, such as carcinoma or adenocarcinoma-derived cells (e.g.,
colon, breast, prostate, ovarian and endometrial cancer cells) (Thor, A. et al. (1997) Cancer
Res 46: 3118; Soisson A. P. et al. (1989) Am. J. Obstet. Gynecol.:1258-63). The term
"carcinoma" is art recognized and refers to malignancies of epithelial or endocrine tissues

30 including respiratory system carcinomas, gastrointestinal system carcinomas, genitourinary



Exenpl ary target antigens include carcinoenbryonic antigen (CEA), TAG 72,
her-2/neu, epidernmal growth factor receptor, transferrin receptor, anong
others. As uggdi/fwiei n, "target cell” shall mean any undepcr/asioasssel | in a
subject (e.g., a 25 hunman or aninmal) that can be targeted by a fusion
protein of the invention. Exenplary tar@&t cells include tunor cells, such
as carci noma or adenocarci nonma-derived cells (e.g., colon, breast,
prostate, ovVgysteicatidomagiestizhlat eﬂrcmmns,dmasedaml)on(aﬂwarian/hmkmm, Prgsiatio 7)
Cancer Res 46:, 3118; . .
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I ncl ude mal i gnant turmra corrposed of carci nomat ous and sar comat ous
tissues. An ohmesaehymal o of ors t 0 a carci noma derived from gl andul ar
tissue or in which the tunor cells formrecogni zable glandul ar structures.
The term "sarcoma” is an recognized and refers to nmalignant tunors of
mesenchyn#l derivation. 10 Production of Fusion Proteins The first and
second menbe Psoduttionof Fusien Pratefnsot ei n can be |inked to each other,

preferably via a ﬂ@ﬁg(mﬁﬁaﬁdﬁ@ﬁ%nbéb&d:éﬂkﬁh ﬁﬁ&ﬂ%lﬁ%bda&%ate the
first and second ers of the fusion protei ghqy}/q a di stance SUffIdCI ent

to ensure t harefesabin viaadinker spauepssr (The linker saqyence separate the it and seqen
tertiary stryc h*”raﬁcon rfﬁ'sfuﬁlrﬂr&gmlbkr SEGHRAER T e(nﬁreﬂﬁ%&lcﬁlnﬁﬂlﬁﬁtpmﬁkﬂ?'or

fl exi bl e exten or mat’i on ould not exhibit a propensity

devel opi ntp amlmtwmm@mm@msm ligksr sequences(d hshouldiatdopt; e
functional fiyrgy &hge{%:eeg ﬁ!fomﬂmhm oaia%{éaum%pinﬁ@\f@rd&abméan

hydr ophobi c ;i character

f uncti onal pmﬁeﬁqdﬁemm ﬁ%‘lmWWb@hFo%w%éW&hﬁ?@%P%ﬁ{%%W“ém bl e
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sequences I nf Asn and Ser” woul d be expected to satisfy the
above crit er iproniaie u@rachmmth the functional protein domains. Typical surface amino acids in
20 flexible protein regions include Gly, Asn and Ser. Permutations of amino acid sequences
containing Gly, Asn and Ser would be expected to satisfy the above criteria for a linker

sequence. Other near neutral amino acids, such as Thr and Ala, can also be used in the

linker sequence.
A linker sequence length of 20 amino acids can be used to provide a suitable

25 separation of functional protein domains, although longer or shorter linker sequences may
also be used. The length of the linker sequence separating the first and second members can
be from 5 to 500 amino acids in length, or more preferably from 5 to 100 amino acids in
length. Preferably, the linker sequence is from about 5-30 amino acids in length. In
preferred embodiments, the linker sequence is from about 5 to about 20 amino acids, and is

30 advantageously from about 10 to about 20 amino acids. Amino acid sequences useful as

coul prompte_interactiqn vmththe_



sequence. Ot her near neutral am no acids, such as Thr and Ala, can al so be
used in the |inker sequence. A |linker sequence |l ength of 20 am no aci ds
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domai ns, al though | onger or shorter |inker sequences may also be used. The
| ength of the |inker sequence separatinr@4the first and second nenbers can
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ani no aci ds linkers bfcthgfiist anrsedond ateinper indlade, butlagr not Bnpitedtos(SexGly4)g whetety  5- 30
amno acids in length. In preferred enbodi nents,  fhe |inker sequence is
from about 5 gxeate °YEMW|‘%8‘ GlyaSrsGlysSer- iAspraforred nkst segusnce has the om about

10 to about 20 ne I 01/ 19842
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not Ilmtedsgppm§8erGly4)y whereiny is greater than or equal to 8, or
A Y4Serd Y5Ser. A preferred |inker sequence has the fornula (Serdy4)4.
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fused to_ the secon or vi’ceversa. 10 Reconbi nant Production
A fusion (br tei h |nvent|on can be prepared with standard reconbi nant
DNA techni &S&%‘&’J@Qﬂ&g’l’ﬁ%&l ei ¢ acid nol ecul e encodi ng the fusion protein.

A nucl eoti de senm&ep@ﬁmrcﬁegn&nﬁmtﬁrbe@i@hﬁa Rvith 3Rnded Fersthbinsit DA by
.standard DNA synthesjs nethods f nucl eic acid encoding a fusion protein

can be intr igpesiusing a&“‘ﬂﬁ%t‘c‘égp eculg epcoding the fusipn proteip. ) pypigofide
i mort al i zededihde ehéddthg afisior fEeRHYaN B byriRkiz&) ByPdarkBrd UNEAl sirithdsfsQpbindds. t he

fusion protein. A nucleic acid encoding a fusion proteln can be introduced
into a hbst emnuelelgam shcodings fedenRrotea R P ftofvred intoa hest eelb 8808, a

nucl ei ¢ aci delesfadstionly biinior@lia cBll Rh& me'r&oidbﬁ%%ﬂ@éﬁ% uBdd@o Brdd@&P i nant
expr essi on \{liaeci%ggn protein. A nucleic acid encoding a fusion protein can be introduced into a host

cell, e.g., by homologous recombination. In most cases, a nucleic acid encoding the

fusion protein is incorporated into a recombinant expression vector.

20 The nucleotide sequence encoding a fusion protein can be operatively linked to one
or more regulatory sequences, selected on the basis of the host cells to be used for
expression. The term "operably linked" means that the sequences encoding the fusion
protein compound are linked to the regulatory sequence(s) in a manner that allows for
expression of the fusion protein. The term "regulatory sequence" refers to promoters,

25 enhancers and other expression control elements (e.g., polyadenylation signals). Such
regulatory sequences are described, for example, in Goeddel; Gene Expression Technology:
Methods in Enzymology 185, Academic Press, San Diego, CA (1990), the content of which
are incorporated herein by reference. Regulatory sequences include those that direct
constitutive expression of a nucleotide sequence in many types of host cells, those that

30 direct expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific

regulatory sequences) and those that direct expression in a regulatable manner (e.g., only in
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regulatory elements. For example, commonly used promoters are derived from polyoma,

Adenovirus 2, cytomegalovirus and Simian Virus 40.
In addition to the regulatory control sequences discussed above, the recombinant

expression vector can contain additional nucleotide sequences. For example, the

25 recombinant expression vector may encode a selectable marker gene to identify host cells
that have incorporated the vector. Moreover, to facilitate secretion of the fusion protein
from a host cell, in particular mammalian host cells, the recombinant expression vector
can encode a signal sequence operatively linked to sequences encoding the amino-
terminus of the fusion protein such that upon expression, the fusion protein is

30 synthesized with the signal sequence fused to its amino terminus. This signal sequence

M



Exanpl es of manmal i an expression vectors include pCOMB (Seed, B., (1987)
Nat ure 329:840) and pMI2PC (Kaufman et al. (1987), EMBO J. 6:187-195). Wen
used 20 in {yWARYsaN cells, the expression vector's contretrisenesssons are
often provided by viral regulatory el enents. For exarrpl e, comonly used
pronoters are derived from polyoma, AdesB®w rus 2, cytonegal ovirus and
Siman Virus 40. In addition to the regul atory control sequences di scussed
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vector can é?ﬁ' é‘ﬁg?ﬂ q‘@ 'Sﬁ g%?‘?“l"l%(’é’ﬁ to sequences

encodi ng the am nW‘ec{oﬁDNAN!\ﬁ be intiolicrell itfid prokatyeticoor Bultaryidiic célivid ¢vaventional
expression, the u3|on rot inis . 30 Fént hes ed th t he si naI s,eaggence

fused to its UARP Bm’cu@P fmtsc@ %L%“@ﬂslf

PCT/ USOQ 255 5&ansfetfiohlt réﬂﬁ&ﬁa wl’raﬁ@tyfdﬂ&lt-%ogkﬁﬁd%cﬂniqaéscfoﬁ lheo@eﬁlgﬁ:ergn niéléipnay
of the cell and js %)dc eaved,  .allo for, rel ease of t mat ure fusion

protein (i.e. a4E&g: pto ghgsteelh ‘Wl‘l °E‘H’ép hasphate.gr calchm. d"‘f’?om t he

host cell. UsgeQfitafios THIE-dS@aHBRARed rahsFsotibn, tlﬁbﬁcﬁ&%l&é&dﬂﬂraﬁ&n, proteins or
peptides from manmmal ian host cel s is known_in Vect or DNA can be
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t echni ques foMa’F'ﬁ’f ﬂé@lﬁéﬁ“ﬁ@ Gold Bpring Hasear Laborataryi raess £19§)), apfaher lberalaihost
cel |, includiggnagl ci um phosphate or cal cium chloride co- precipi tat i on,
DEAE- dextran-nedi ated transfection, |ipoection, electroporation

m croi nj ection andfienoBly.asmsil fresipn of mespralien ealls integraty heds owmé%ﬂm
{r ansf of 180 Qnomb. ANSIERS 4Bt schel thive SRR, L QHAInIIn 3B luble 21

(Mol ecul ar Cdoning: A Laboratory_ Mnual Edi ti on, Cold Spring Harbor
Labor at ory pr@%fker((iesyﬁlﬁm%ﬂfﬂa@ﬁws}%b? W@ﬁ‘}ced intothelhest celisalongviththe, snal |

fraction of namgld &H%ﬁfe‘%s‘iod ProtefH @F&eﬂ}é&%el%&ﬁﬁé BArkeh Andifkiehdst Blat con%é
genone. In order to i entlfi/1 and se these Integrants, a gene that
encodes a sel| wssistanse ¢o drugs, such as G418, hygromycin and methotrexate. Nucleic acid encoding a

selectable marker can be introduced into a host cell on the same vector as that encoding the
20 fusion protein or can be introduced on a separate vector. Cells stably transfected with the

introduced nucleic acid can be identified by drug selection (e.g., cells that have incorporated
the selectable marker gene will survive, while the other cells die).
A recombinant expression vector can be transcribed and translated in vitro, for

example using T7 promoter regulatory sequences and T7 polymerase.

25
Transgenic Mammals

Methods for generating non-human transgenic animals are described herein. DNA

constructs can be introduced into the germ line of a mammal to make a transgenic mammal.
For example, one or several copies of the construct can be incorporated into the genome of a
30 mammalian embryo by standard transgenic techniques.



marker (e.g., resistance to antibiotics) can be introduced into the host
cells along with the gene encoding the fusion protein. Preferred
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egg can be incubated in vitro for varying amounts of time, or reimplanted into the surrogate
host, or both. One common method is to incubate the embryos ir vitro for about 1-7 days,

20 depending on the species, and then reimplant them into the surrogate host.
The progeny of the transgenically manipulated embryos can be .tested for the
presence of the construct by Southern blot analysis of a segment of tissue. An embryo
having one or more copies of the exogenous cloned construct stably integrated into the

genome can be used to establish a permanent fransgenic mammal line carrying the
25 transgenically added construct. '
Litters of transgenically altered mammals can be assayed after birth for the
incorporation of the construct into the genome of the offspring. This can be done by

hybridizing a probe corresponding to the DNA sequence coding for the fusion protein ora ‘
segment thereof onto chromosomal material from the progeny. Those mammnalian progeny l
30 found to contain at least one copy of the construct in their genome are grown to maturity. !'




15 mcroinjection of the construct into the pronuclei of the fertilized
manmmal i an egg(s) to cause one or nore copies of the construct to be
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surrogate host, or both. One commopn nethod is to incubate the enbryos in
vitro for abThetferhald sp@mpfth@sedmynﬂiwﬁbproduceﬂmdsqicd.pmqinhmtaidngmiﬁleheipl ant

erbryos. can Bt DA ERbYEa mnaiy ol ARG R Yk RRREIC bR oA 51

anal ysi s of ﬂo&mmmlﬁdaﬁedpm&immﬁmammyo havi ng one or nore copi es of

t he exogenous cl qped co ct s at ed .in can be
Used 10 et abl i sriTBE melts ey b Bt Pt pFBEIRAcEeio ot b, e AR AR

t r ansgeni gal dsyayatekshaitue, @ ta Western blot bengyrmdtictassapsgeni cal |y al tered marrmal s
can be assayed after birth for the incorporation of the construct into the
genonme of the offspring. This can be done by hybridizing a probe
correspondi ng too;mgﬂgw coding for the fusion protein or a
segnent thereof to chrorm ma mat |aI fr.om rogen T ose l'ian
progeny 30 found(}{| H‘B aVgnsy 8# ge“&‘gq?é‘%?lﬂc‘?

genone are gmepfbdﬁﬁxoﬁﬁfw&hﬁsgemmg%ﬂﬂ&ﬁﬂﬁl it VHitd YD Yansoutds, Cﬁ&nﬁl@z&s@:ﬂal e

speci es of t hese eny oduce the desir ein.n ng with
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Trans- geni ¢ PhédtNos5,53051 0 AOpreiotdl TotheproBucBish bESeRdgdnicrat éhn'be fdudl ¥n Of
transgeni ¢ ani pal s, A prot ocol faor theﬁfroductlon of a transgenl C gl g can

be found in wpfer andGantopsClinicql apd Experimenief PRasppealogy and Fhysiology,

Resear ch:156484y E@&%prﬂm\:@ﬂﬁﬂﬁé pidMuctioR of §§a.n%éemé-@“P€hh%ti’mﬁlﬂm@a§%3n@26 US
Patent No. 5,573, 93 Zogyo.ﬂ%l | cation W93/ 25071, and_ PCT Appl I cation

W95/ 04744, MM)T% @agkJ9%b i o k23 A- Binkerh Acadermic Prast dRe- dhn be
found in US ,GgkeliTer thb?méuoﬁéﬁ oﬁzamseexmakaﬁah bé Rfunll hf-m Hieldnfip1Of @

transgenic rat can ound in Bader and CGanten, Cinical and Experinental
Phar macol ogyTecholegn 4 iHondegpk, 199fsd., Sarddy Pinkert, Academic Press, Inc. A protocol for

the production of a transgenic rabbit can be found in Hammer et al., Nature 315:680-683,
20 1985 and Taylor and Fan, Frontiers in Bioscience 2:d298-308, 1997.

Production of Transgenic Protein in the Milk of a Transgenic Animal

Milk Specific Promoters
25 Useful transcriptional promoters are those promoters that are preferentially activated

in mammary epithelial cells, including promoters that control the genes encoding milk

proteins such as caseins, beta lactoglobulin (Clark et al., (1989) Bio/Technology 7: 487-

492), whey acid protein (Gorton et al. (1987) Bio/Technology 5: 1183-1187), and

lactalbumin (Soulier et al., (1992) FEBS Letts. 297: 13). The alpha, beta, gamma or kappa
30 casein gene promoter of any mammalian species can be used to provide mammary



15 S87, 1996. A protocol for the production of a transgenic cow can be
found in Transgenic Animl Technol ogy, A Handbook, 1994, ed., Carl A

Pi nkert, Academ/msddress, Inc. A protocol for the productp@fusihrssss
transgeni ¢ sheep can be found in Transgenic Aninmal Technol ogy, A Handbook,
1994, ed., Carl A Pinkert, Academi c Pré®s, Inc. A protocol for the
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are useful in optimizing expression, such sequences can be cloned using the existing

20  sequences as probes. Mammary-gland specific regulatory sequences from different
organisms can be obtained by screening libraries from such organisms using known cognate

nucleotide sequences, or antibodies to cognate proteins as probes.

Signal Sequences
25 Useful signal sequences are milk-specific signal sequences or other signal sequences
which result in the secretion of eukaryotic or prokaryotic proteins. Preferably, the signal
sequence is selected from milk-specific signal sequences, i.e., it is from a gene which
encodes a product secreted into milk. Most preferably, the milk-specific signal sequence is
‘related to the milk-specific promoter used in the expression system of this invention. The
30 size of the signal sequence is not critical for this invention. All that is required is that the



69, 609-620 (1987) (bovine a-lactal bum n). The structure and function of
the various mlk protein genes are reviewed by Mercier & Vilotte, J. Dairy
Sci. 76, 3yGord83 (1993) (incorporated by reference inecrasavessssety for
all purposes). If additional flanking sequence are useful in optimzing
expressi on, such sequences can be cl oned0usi ng the existing 20 sequences as
probes. Manmary-gl and specific regulatory sequences fromdifferent
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01/ 19842 PCT/ US00/ 25558 -40 sequence be of a sufficient size to effect

secretion of the desired reconbinant protein, e.g. In the manmary tissue.
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EaDl e R henhe G e Bk 1 22 0 2 braco My
those skilled in the art, depending on the relative sizes of the gene of interest, the promoter
20 and the enhancer used in the construct. In addition, more than one insulator sequence can
be positioned 5’ from the promoter or at the 3° end of the transgene. For example, two or
more insulator sequences can be positioned 5’ from the promoter. The insulator or
insulators at the 3’ end of the transgene can be positioned at the 3” end of the gene of
interest, or at the 3’end of a 3’ regulatory sequence, e.g., 2 3° untranslated region (UTR) or a
25 3’ flanking sequence.
A preferred insulator is a DNA segment which encompasses the 5° end of the
chicken 3-globin locus and corresponds to the chicken 5’ constitutive hypersensitive site as
described in PCT Publication 94/23046, the contents of which is incorporated herein by

reference.

30



fromthe pronoter, at the 3' end of the gene of interest. The distance of
the insulator sequence fromthe pronoter and the 3' end of the gene of
i nt erest canwioamdesdzr mi ned by those skilled in the art, deraso/2sgsson t he
relative sizes of the gene of interest, the pronoter 20 and the enhancer
used in the construct. In addition, nore4han one insul ator sequence can
be positioned 5 fromthe pronoter or at the 3' end of the transgene. For

example, two or PRMAConsmtst or sequences can be positioned 5 fromthe
pronoter. The insul@&t: fein d £ ' ene can
be positioned at %A'he lgép@ﬁgdgﬁsghg’}éggeﬂﬁgﬁgg@ﬁ?%cﬁg@té?ﬂ%lr&%tea%@g%pend of a

3' regul at or ypesifipfenmwammarygpithelialells, aigr, acadein promotenye.gna ga Rta casein 25 3’
fl anki ng sequenc ferd ed i lator is_ a. egnent. whi ch enconpasses
the 5 end O]pr({nhcger, @ﬁﬂé% er?h{‘is?%%'%%l“ﬁg %508.6321 5'9%@5%5'8%%3&%{)3 E'I%seg‘ni cken
5' consti tat isignallsgpenecasi 4 DNA eacclingafusiciegoteinbed i n PCT Publ i cation
94123046, the contents of i ch s ipcorporated.herein b ef nce. 30 WO
01/ 19842 PCT/ usoo}‘z‘ﬁgsi%‘“ cal) 150 1o 3 e °dﬁ$?&ﬁi°8ws$?§&°§{“??‘§‘g be
expressed fr géquence@oding £ thewdh-sétrététiprow@ins Sacipiegions ch stabiligecthé RMA @anseripymar y
epithelial cells, e.g., a,casejn pronoter, £e.0..,. a goaf.beta casein,
romter - a1 eERion PR gl i e vl dosed BteiniFa g SrPERiRence
e.g., aP- cassasjtelan.SAﬁiogglmg SSﬁnmm,reglmiltﬁeﬂc‘iiﬂﬂﬁwﬁdiuﬂs oﬁﬂdsuﬁ\ieﬁﬁor?ﬁet ein. A
construct_can also inclu a 3" .untranslated regio ownstream of the DNA
coquence. Kb PR BT RIOVidRA el ARG SHEH HRECS LR g Brles EaioR bt | | o
t][]edRNA t (r]I answbamal% ﬂinﬁkélﬁtlﬁkm"eﬁﬁﬁbﬁlﬁnﬂﬁﬁﬂ fogionlvd othBlds uhtPmEIRRE Subdtes Vi el g
of desired protein fromt expressi gn . system .Anpng,t 3' uptrangl ate
Cegt ons. user NERROYHE TRATE Brekpay e f meaioel foeiah s arived dota ik seenn:
provi de a pobybtein STigH18kgth Siihé 3’ aftHinclara feghth)is hét ceifiédl Yatdhe sabilizingf eff260 dflke
SV40 smal | t tigen, .the casein 3', un{’ih,a,nsl a&&%}r&gi on or, other 3
unt ransl at edP cfu ?{E&@talwsﬁfﬁ“ﬂmt%‘a ging the RIY) ot the expression ppquence.
untransl ated r egi Arohstructein iWehldé & §ninRar¥iatdd regiGiChetwéen it pRéRoter andliiee DNAQt h of
the 3" untranslated r g_‘lg nits not critjcal butl t he stabi li éjo%effect of
ts poly A PRBIFRSEERIStnE s signal Sasare: SHED FHTROaER FeEiPns choyt SORNAS SIS he
expr essi OE S st fegion Hom Wi cHgromoRE istdkan oféanbd from differtitigams b.gl, ey hegi on
between the Bera Sgg[e E‘ror%% e}py%th[gt%semi-syntheﬁc or natural sources. Again their specific
length is not critical, however, they appear to be useful in improving the level of expression.
20 A construct can also include about 10%, 20%, 30%, or more of the N-terminal
coding region of a gene preferentially expressed in mammary epithelial cells. For example,
the N-terminal coding region can correspond to the promoter used, e.g., a goat p-casein N-
terminal coding region.
Prior art methods can include making a construct and testing it for the ability to
25 produce a product in cultured cells prior to placing the construct in a transgenic animal.
Surprisingly, the inventors have found that such a protocol may not be of predictive value in
determining if a normally non-secreted protein can be secreted, e.g., in the milk of a
transgenic animal. Therefore, it may be desirable to test constructs directly in transgenic
animals, e.g., transgenic mice, as some constructs which fail to be secreted in CHO cells are
30 secreted into the milk of transgenic animals.
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sequence encodi ng the signal sequence. Such untranslated regions can be
fromthe sane control region fromwhich pronoter is taken or can be froma
different geop@1198420., they nmay be derived from ot her symCRaIShE25558
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Swai sgood, Devel ' i Chen s , L. Chem.stry of MIk Protein,
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20 the component of interest.

Production of Transgenic Protein in the Eggs of a Transgenic Animal

A fusion protein can be produced in tissues, secretions, or other products, e.g., an
egg, of a transgenic animal. For example, fusion proteins can be produced in the eggs of a
25 transgenic animal, preferably a transgenic turkey, duck, goose, ostrich, guinea fowl,
peacock, partridge, pheasant, pigeon, and more preferably a transgenic chicken, using
methods known in the art (Sang et al., Trends Biotechnology, 12:415-20, 1994). Genes
encoding proteins specifically expressed in the egg, such as yolk-protein genes and
albumin-protein genes, can be modified to direct expression of fusion protein.
30



15 as a peptide, inits biologically active formfromwhole mlk or a mlk

fraction by tangential flow filtration. Unlike previous isolation nethods,
this elimnateaiske need for a first fractionation of whoperusdoksss® renove

fat and casein mcelles, thereby sinplifying the process and avoiding

| osses of recovery and bioactivity. This43rthod nmay be used in conbination
with additional purification steps to further renpbve contam nants
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transgﬁnils cdvidik genes areipfederred EB@ sfsecifio roteih protridtersdrithe foomotes thabhre, Tlrlends
Bi ot echnol ogy, .12:415:20,..1994). Gengs. encadin ratei ns specifigcally
expr essed in?lpfﬂé“@ﬁ&m iR €88 WI?%WHD & e&WCSWFﬁP}'ﬁ%ﬁ? in
genes, can bde egpcipbtific plomotbry £€ fenofyif 9Figian of fusion protein. 30 WO

01/ 19842 PCT/1JS 5558 -43- Egg..Specifi¢ Propoters, Usefu
transcri ptional FRPRCEY fg?ggm%g@cﬁ‘&?ﬁﬂ? Wi °§F@°%F§f’é"‘élm?t&l'4 y

activated i'rrheh@i@@g",imgiwgéy’@ld&,ﬁgpxmggghme&mnd_ tsgifv&,mawnfes enC(ﬁdi ng
egg proteins, e.qg.,.,ovalbunin, |ysozvne avidin. Pronofers fromthe
chicken b Bebdticed YEuin byt rion) X AaaHon LA g s R OBHGRE | 1 |
protei n prongxbksion buchRequehd@sBinte tlonbbdsig the ex8MME séquemiet ¥ ppéBek.VBggLd i N egg
ti ssue can be f,éom DNA Oéqegen%r@ c..sequences. Preferably, the. egg-specific
pronot ers arBeYRHGRAORYSegyeness ir erent OTRIRISTS o3 beAbtpIng by sereeninge nes ar e
known i n t hejbadries SRSuckorganisnBlising ¥né¥m égnate nuclddBidéweqashcb) 6r antibsties wV | ey
and Sons, p. 472,1989, the, contents of which are 10 incorporated herein by

ref erence) . PEMRIPEMSASPOPISanki ng sequence are useful in optini zing
expressi @p, such sequences can be cloned using the existing sequences as

probes. Egg . specific regul atory sequences fromdifferent organisns can be
obt ai ned by E@&&@Hﬁ—h&ﬁl | braries from such organi sns-usi ng known cognate

nucl eoti de sequercRiSion foteiiéahbe exrRéssédin at@AMNEeNiE oipafibf] OIS, AGansicAltGtant,
e.g., a transgenic plant in which the DNA transgene is inserted into the nuclear or plastidic

genome. Plant transformation is known as the art. See, in general, Methods in Enzymology
20 Vol. 153 ("Recombinant DNA Part D") 1987, Wu and Grossman Eds., Academic Press and
European Patent Application EP 693554.

Foreign nucleic acid can be introduced into plant cells or protoplasts by several
methods. For example, nucleic acid can be mechanically transferred by microinjection
directly into plant cells by use of micropipettes. Foreign nucleic acid can also be transferred

25 into a plant cell by using polyethylene glycol which forms a precipitation complex with the
genetic material that is taken up by the cell (Paszkowski et al. (1984) EMBO J. 3:2712-22).
Foreign nucleic acid can be introduced into a plant cell by electroporation (Fromm et al.
(1985) Proc. Natl. Acad. Sci. USA 82:5824). In this technique, plant protoplasts are
electroporated in the presence of plasmids or nucleic acids containing the relevant genetic

30 construct. Electrical impulses of high field strength reversibly permeabilize biomembranes



15 Transonic Plants A fusion protein can be expressed in a transgenic
organism e.g., a transgenic plant, e.g., a transgenic plant in which the
DNA transgwﬂ,@shnserted into the nuclear or pl astidi c PpgrmsSmMAssR| ant
transformation is known as the art. See, in general, Mthods in Enzyrml ogy
20 Vol . 153 ("Reconbinant DNA Part D')-4987, Wi and Grossman Eds., Academ c
Press and European Patent Application EP 693554. Foreign nucl ei c acid can
be introdu cﬂlﬂminrg the jritadiiction bf the prasrmﬂﬂt Elpdtropbiateld planepretoplasts refdrhmidls celFor

| e, I d b | | f by nj.cr.oi.pjecti
G root 1y 1 il greife PeLpRE s ol S NefeRionrdedPRaSh i lle BB < ocld can
al so be traﬁﬁfsﬂmaﬁgaﬁcmacaoﬂﬁhﬁhﬁdtﬁﬁblphwtypﬁimgkml yet hyl ene gI ycol which

forns a precipitatign conplex, WIE EIC mat er.i al that LS .taken up
by the cell (Pa W§F ragsaig virug as;a vegtos fog jtroducipg ﬁ“ nucl ei ¢

aci d can sbepichdid f54mechlat callsIHBhd al. gﬂsiz) 'Moxedumma@@rmaam"ﬁmﬂm et al.
(1985) Proc. Natl|._ Acad Sci. USA 82 '

prot opl ast's AggdgmicRress; B%HPQ%EHSI“?ISF%S{M) gsg:%c lﬁ W@?ﬁ%&lw%@eu c

aci ds cont apNAEnbii€ is'ifdeRt¥dinto Lt bactedial AMHA Eréhiing dre@RibidaGEDNANPUI ses of.
high field st rengt h, reversi bly perneabilize bi onenbranes_ JIF: W) 01/ 19842

PCT/ | JS00/ 25gisgule which gan beprappeated i baptetiay kheirerembinapt plasgid can by ft

El ect r opor ajyggified aﬂnuaa&hepbﬁﬁé desir&d 20 6 The niifled vﬁhwo%n oﬁﬁé form a
pl ant callus. Selectjon of the transforned plant cells with

t ransf orlr?edreﬁ%'@n@éﬂ %@%Wﬂ%@ﬂm neend bactesial pl Pﬁ?“ﬁﬁ“ﬂ@%‘m Caul i f 1 ower

nosai C Vi I Upobhfi@dAfk ptablcdhs ot fisls. @S a vector for |ntrodUC| ng foreign 5
nucleic acid i nt g ant ceI |'s (Hokin et al. (1982) "Mblecul ar Bi ol ogy of

Plant Tunors," Highyeasiy W@E%WW@VW%B““@Q%@BWW ugg, S, Pat .
No. 4,407, 9&@31 n fldié aid iglo plm&mema@iclaadam%&aﬂwmamemmhahacter' al

pl asm d creati ng a reconbi nant DNA | ecul ch can be propagated in

bacteri a. TW?@(REH@M%PHM%@@(KW%@ (wa‘efﬁi’aﬂpﬂéll Alhaugh r oduct i on
of the dgsi Qtﬁrod;mﬁn%? J?éw fucbiefd 4 s egﬂr%tj i9RqBfed rf.Qh
asmd, and

reconbi nant asm hen exclsed fromthe pareént bacterl a
used to i n@imfavléestfﬁémplﬂﬁhtmmt@n@r plants. High velocity baI listic

penetration by sAllieiPaid b eSntdilcddGntd 3 Pihnt L1t B ih RS a plant cell, an

explant, a meristem or a seed with Agrobacterium tumefaciens transformed with the nucleic
acid. Under appropriate conditions, the transformed plant cells are grown to form shoots,

20 roots, and develop further into plants. The nucleic acids can be introduced into plant cells,
for example, by means of the Ti plasmid of Agrobacterium tumefaciens. The Ti plasmid is
transmitted to plant cells upon infef:tion by Agrobacterium tuméfaciens, and is stably
integrated into the plant genome (Horsch et al. (1984) "Inheritance of Functional Foreign
Genes in Plants," Science 233:496-498; Fraley et al. (1983) Proc. Natl. Acad. Sci. USA

25 80:4803).

Plants from which protoplasts can be isolated and cultured to give whole regenerated
plants can be transformed so that whole plants are recovered which contain the transferred
foreign gene. Some suitable plants include, for example, species from the genera Fragaria,
Lotus, Medicago, Onobrychis, Trifolium, Trigonella, Vigna, Citrus, Linum, Geranium,

30 Manihot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis, Atropa, Capsicum,



foreign nucleic acid into plant cells. Nucleic acid is disposed within the
matrix of small beads or particles, or on the surface (Klein et al. (1987)
Nat ure 327: \ONP)9842Al t hough 15 typically only a single inPCOUSORESSA of a
new nucl eic acid segnent is required, this nethod also provides for

mul tiple introductions. A nucleic acid e#h be introduced into a plant cell
by infection of a plant cell, an explant, a neristern or a seed with

Agr obact eri tubsepmﬁmmeermclemnmdSommhn, thum,lmgmdlis, Majotafla, Jibldeiom,

appropriate d|t| e transforne |l s are . grown to form '
shoots, 20 r {‘] gf% %H fﬁ %’R@@F’é‘?’c aci ds can be

EAnt rgduced. | Hél&g@dxﬂﬂIPm&hhﬁll’_eﬁniseﬂuneT Rauptigus, Smeﬁamxglﬁssisgeu&’ﬁmlgl asm dI f’f

dJgr o acteriu I €Nns e | asm S tte topant cells

upon i nf ecti g]FP"@gF%S;& c&"é‘?‘ﬁ“hm ngél ’t ably integrated into

tGQe pl ant F')slgen?rre'mgn& ﬁbrﬁionéﬂozl &tﬂtﬁﬁ&broidpmﬁﬁrs "?ﬁ“’ﬁdﬁmﬁgﬂf‘tﬂp°‘”‘*‘°ﬂ§,§ff' gn
nes in ant s Cl ence et a roc

Acad. Sci. USelatienand. ﬁ‘é’@?} Zﬁ‘f-”ﬂﬁ‘f??§} ? gﬂ‘rﬁgﬁ‘({gf’ dl7giM§ ciillan Bublishipg ot e

and cul tur edchN&g¢ Y&kvmm)emegmei aREwdnt iveldhhert i tﬁ@c&lﬁaaaquzegaér&ent hat

whol e pl ant sgare recover ed fagf ai n the transferred ar.el gn gene.

Some sui t abl & kjmi Fratonlasts, Lfd'@tol’ 5 (12 %‘ re Expeeedlings. pp- c}@ﬂgh@‘ﬂ‘gﬂﬁf‘ra

Fragaria, LpBhddb1988R@iICBae, "PQ%&MSVGﬁlhﬁe an8'Pildn® Reguibratién mals%nd dagpa,

G trus, L| num Geranjium ucus, Arabi dopsi Brassi ca

Raphanus,19si ﬁefalcstmsq?wsiaafr@&yrs&éﬁﬁ%mPmsfézlsmw Firéh @Biskhanssr, Hasels

Hyoscyanus, 19s39RRd Hi BRGing NRedrcANian of FQARUPand 19 bidplasts, Pp. 2i1- ?ﬁ'(CRCPi\éib orana,
Ci ohorium Helianthus, Lactuca, Bronus, Aspar agus, Antirrhi num

Her er ocal | | sBo%#Am 1985). Pe| ar goni um Pani cum Penni setum Ranuncul us,

Seneci o, Sal pi gl G&gbrieratich G protoplEitPVIRies frdn spaciés td PecitsUfiptiis, KR Benerdllyt | CUM

Sorghum and Datum 5 Pl ant regeneration_from cultured prot opI asts is
descri bed i n2 ®i5egrsio pf tigusformed protgplests ¢antaining gopies ghths FXPECHAUS Srquence ifit ook

of Plant 1Gel bonGulel Ulridin Spdted, bty ieihdiba BarthG] beihinieod £61 thdYi¥lopiakek 1983) ;

M R Davey, "Recent Devel opnents,in the Culture and Regeneratlon of . Pl ant
Pr ot opl ast s, Suspsngion i¢ the stass afgipsning and germpinglionas apral embryps. Hhs cylpre media

(Bi rkhauser, canl@aiaih vadshs hmind: aéms Bisd Mormones, QubiPasdukin GHA EybiEnias dit BinfilNo be

Regeneratlon of Cereals and Other. 10 Recalcitrant Crops," Protoplasts

(1983) - Lect udvantegsersca pddyglutamic acishand prolipgtortheymedium, especially fowe‘sapecxm H.
Bi ndi ng, " Regpngidalifhld) SHoofshadodts nofthp ety SRhigmESuslyd Efficidnt fegendritidh

Fress, 20  will depend on the medium, on the genotype, and on the history of the culture. If these
three variables are controlled, then regeneration is fully reproducible and repeatable.

In vegetatively propagated crops, the mature transgenic plants can be propagated by
the taking of cuttings or by tissue culture techniques to produce multiple identical plants for
trialling, such as testing for production characteristics. Selection of a desirable transgenic

25 plant is made and new varieties are obtained thereby, and propagated vegetatively for
commercial sale. In seed propagated crops, the mature fransgenic plants can be self crossed
to produce a homozygous inbred plant. The inbred plant produces seed containing the gene
for the newly introduced foreign gene activity level. These seeds can be grown to produce
plants that have the selected phenotype. The inbreds according to this invention can be used



Boca Raton 1985). Regeneration from protoplasts varies fromspecies to
species of plants, but generally a suspension of transforned protoplasts
cont ai ni ng WweRi/Mes20f the exogenous sequence is first 15pPgeEmsonssss. | n
certain species, enbryo formati on can then be induced fromthe protopl ast
suspension, to the stage of ripening ard6égerm nati on as natural -enbryos.
The culture nedia can contain various am no acids and hornones, such as
auxin and cytdekélop nev hyttids.olin this method a seletvairintreblines's trossed with|anotheriisbredi d and
proline to Lhe ne%ig#% ﬁ cially for such species as corn and alfalfa.
Shoots and P&t F i‘P evel op simultaneously. Efficient regeneration 20
wi |l depend on t Pets obdinedfromra tiahspefie Pplany pech agflowers, sedds, leaves cbranchaa‘s the
culture. If _thes three vari abl es.are, contr, t hen re ti.Q

FULLy' T epr ot B dheliky aespRarrd By B2 P hitioh gRbrifed ey BB Sal lopEeh | b
mat ur e trsfmﬁmrv'eaxsﬁtﬁﬂ&ﬁmnmewamgﬂ?mm:mmmomkr@g?ﬁtem?ﬁuags or by
tissue culture,t e uce nultiple identica ants f.or
trialling, sefpe ‘{]\‘;‘K&P‘Pﬁ@ %abﬂ‘ﬂlﬁ“lﬁ% E‘?Yé“egg}qé&‘??t compifsgtie on of a
desi rabl e 1t {idaaRa DNA Seqiddnael, Fr@geﬁ?ﬂﬁi vafight§) @i Matahts of & répeferstbd plisite d

t her eby, and propao?atgd verg‘gg atively for  comercial sale. In seed

propagat ed &g seppeRfdlin ¥entioBnt s can be self crossed to

produce a honpzygusstion BFAaskeR]ckints of pRini dells Bt Helbasell upsPEVisRS asBE duch as
contai ning the gene for the new y |ntroduced forei

ene acti |ty | evel .
These sekds ObssFymgFolfF hansesfe 8 3 hte doyer, pariab kwe&mw%e l?%@msﬂe

phenotype. Eher Sﬁd&%‘iﬂiﬂo%ﬁ% tHrdpGlat Patiefiis); bitbue slkd molee&oamwdssaysl& WO
01/ 19842 PCT/ US00/ 2555 -46 to devel op new hybrids. In this nethod a

sel ect ed i nBYREECIZYME a?%"‘%"bg@éﬁf"\ﬂk“l‘ﬁ‘a&%t Trapsgenip plagss of plags cells 43¢ 89W@e t he
hybrid. Par go gk bmag ﬁfe‘i;‘lﬂn@pérf HNHERRIafd MeFBhe acBWEEs 28 rohBMEd, SuchW8 8IS |

| eaves, branches, frurt, ‘and the |ike are covered by the invention,

provi ded t haewmmﬂ%@@ﬂamoeﬁ@ne%m@owqmml assays QN erthsanblotsy Westsa f or med.
Progeny gndpjpas k&gfnéass%mta?dﬂoﬁi&inpt)m ég@eproﬁﬁ i 3sre€ al so

i ncl uded withint scope of this invention hese parts
conpri se th@"ﬁWrﬁbﬁu@éﬂ)sW%Mﬁt@g’dsﬂ ZrlAcads Preash- SAPReeRNatat ant s

of the regegeléfaﬁdseﬁhéd‘&ﬁlfuﬁﬁ&e@a{lﬁéied rMéthBE‘fo \geﬁé?étﬂmto@ ereBEdly eRbinbdiéd

i nvention ection of transgenic plants or ant cel s can be based upon

a visual asdlts ar furhes describedip $iSRetentNe 01258, @%@%5@5 4832,85Ria0d f | ower ,
variabl e pi guRBLanPaRAHE IR o 69475l OB which are hereby incorporated by reference.

20

Embodiments of the invention are further illustrated by the following examples
which should not be construed as being limiting. The contents of all cited references
(including literature references, issued patents, published patent applications, and co-
pending patent applications) cited throughout this .applicafion are hereby expressly

25 incorporated by reference.

Examples 1 and 2 below describe the generation of two constructs: a light chain
construct and a heavy chain/B-glucuronidase fusion constructs. Two plasmids, one
30 containing a clone of an antibody heavy chain/ human (B-glucuronidase fusion protein and



color pattern on flowers or irregular patterns), but can also involve

bi ochem cal assays of either enzyne activity or product quantitation.
Transgeni c pvant/984r plant cells are grown into plants bREFUSNY2535® pl ant
part of interest and the gene activities are nonitored, such as by visual
appearance (for flavonoi d genes) or bioefeni cal assays (Northern blots);
Western 15 blots; enzynme assays and flavonoi d conpound assays, including
spect roscopythegé@rconPﬂéFﬂMBal@htdlamf(eE@n@wer@mﬁﬁ%mnddlmrm?’dlmuwel‘kel s. |
and 2, [AcadpgPress]). Appropriate plants are selected and further
evaluated W%thods for generation of genetically engineered plants are
further described in US Patent No. 5,283,184, US Patent No. 5, 482,852, and

Eur opean Pat catloe EE g ﬁoggég g] @TCB#QLSEH are hereby
i ncor porate ence. ntion are further
|Ilustrated by t n gt _be construed as
being Iimting. € C(%JIH& \éngfs%nﬁqs%?geggﬁo&oflam cﬁﬁgggcqelf f‘ﬂ@f’?ﬁﬁ“‘ﬁ P& er at ure
ref erences, mehglﬁabhmnhmhmdemiﬁmsﬁmdaﬂmnmmzechpqniocbnallamimdyaguhsto- pendi ng
pat ent appl I cati on cite IS licati are hereby expressly
25 i ncor por ated By ref“eragﬁ%egmﬁz%%ﬁ*é@%& °af’rf8£’gm %@W?‘Wé“i té
generation o(Bch&)and)msdmmercmlmamhalgahtexprbsionveamr(pmNM) and a heavy
chai n/ ( 3- gl ucuro@ II:! k@%"ﬁﬁ ructs t @@3 g{]%ig ne 30 containing a
cl one of ‘&n anti &fyy’ne Wé Eem ?’(?’"@‘F BT ARSEMNE ¥R protein
and WO 01/ 1%3@0%@50%5@&11@&7&&@ nizhipalation rTveo mumgoﬂcamnhdeg ht chain
sequence were reci ved obt.ai lf r| ng wer ke VMPLE 1:
Construction of L ﬂf’“’ﬁﬁ&%ﬁl n% E’E)‘ﬁé E?“s ‘?“%?F&“%‘%% ehegmomggthe ¢ ne
gener at i on afodinglrégidit; andhai n nucl ei c aci d construct using the light chain
nucl eot i de sequen froma ni.zed .nmopocl onal ant i body agai nst
car ci noenbryoni c zﬁ? mm@%@@%@em 2(%"bem f i ¢ expression
vector (8c163) and a cormerm al mamal i an expre55| on vector (pcDNA3). 10
Briefly, a Hind rL'ﬁhl Ec fra nt, cont ai 6 ht cha| n se%uence
was subcl oned int'8° %E%@%W‘F%?WP& g? Onﬁf‘ﬁsﬁ’g
mut at i ons waroeremade&le wiknown suanks the @bed]},letéibmpﬂex rﬂétﬁbd%aked)tﬁ REARAUS
sequence at Stai.I stg?lgst aﬂer%%tgnmnaf ttlon codon. Sac I sites just before the termination codon and

near the Eco RI site were used to make the gap, which was filled using Klenow fragment,

20 deoxynucleotides, T4 DNA ligase, and the following oligonucleotide:

TGT TAG AGG TCG ACG CCC CAC (SEQ ID NO:21)
term Sall

25 The gapped region (through the tenniﬁation codon and new Sal I site) was then sequenced
to confirm that no changes were made in sequence.
A second Nco I site was found in the unknown sequence that was removed for a
subsequent step described below. To remove this site, the construct containing the new Sal
I site was digested with Eco RI, ends ﬁlled with Klenow fragment and deoxynucleotides,
30 and ligated to a Sal I linker, purchased from New England Biolabs following routine
experimental procedures. This construct containing two Sal I sites was then digested with
Sal I-and religated, removing the unknown sequence containing the second Nco I site.

HII



coding region; and b) To creation a Sal | site imrediately after the
termnation codon. 15 The original construct contained approxi mtely 1300
bases of unkeewmdsgequence. To renove the unknown sequen®€IUSAIRSSBapped
Het er odupl ex nethod was used to create a Sal | site just after the
termination codon. Sac | sites just befd88e the termination codon and near
the Eco RI site were used to nake the gap, which was filled using Kl enow

fragment, 20 dedSphlsite aust Kepak consgnsppseqnéngewere thendnseried irmanedinlgly, betore
ol i gonucl eof}j.d&4 ; g%da iﬁ?ﬁ %@iﬂ[ﬁﬁgﬂr@ Sal | 25
The gapped ?Hggx:ﬁg%l Etﬁgﬁ%ﬁ% ter%?%a I'on codon an ]%ig&g)jsl;aefa‘{sg{gg}tee) was

t hen sequenwert seyasal AT seanencescrion te thé eompetsstaningcodenithat aquldagssibly baveA second

Nco | site | : r a
subsequen; SraaHadlal iR MAP WLASHEATE baldhedt®S PR £, ¢

cont ai ni rfg ptobleneiny tiSsue culture,ithessafeatsroulie yas tocremowet this EzgiorR| ThesedEG Séquemnds wi t h
Kl enow fraggent ] . ' ed I . I\hd pker,
pur chased f rq%% rﬂ@%%g%gﬁ%]ﬂ%hg ?fé%&sjﬁmﬂ%gs\l/ﬂg%gd lH’)l g&ﬁ%@ “Ingf 3%’?‘?#% ny§+ f

pr ocedur es. addptes cosaising Saltl acd Xha i mdwKozak c@rénshs wijvense.WHee replaced dégiest ed
with Sal I-and reli.gat removi ng the unknown sequence containing the
second Neo Pefiretonfifticd bsetlei®ue 10 boT)||'sody 25558 - 48 A Sal | site and
Kozak consensus Thkepequenes chenges wemerasifolbavst ed | nmedi ately before the initial
met hi oni codon (instead of sinply changing the Hind Il site) because

t here re several ATG sequences prior to the correct starting codon that
coul d possi Mhy ofigiua 5’ lpeime regiachaisthe htcleatidé seqaert ATGSeqences\Als tapitilizedie ATG

sequences d t _seem.to he.a 5 pbroblemi.n ti.s culture, the safest route
was to rennm??%sﬁr%g%‘f’%f?m?%]e@%&me?éﬂ 8%79&1%@%% removed by exci sing

the Hnd Il Nco |l site and replacing it with a Hnd Ill --Nco | adapter
containing Sal I and Xho | and a K ensus, se ce. e repl.aced
region was al so confinned by ?é&%%%@ﬂéﬁ?%&%‘&@ﬁ&@%ﬂgﬁs
foll ows:15 10 atctac ATG gtaaatataggtttgtctataccacaaacagaaaaac ATG agat

cacagttctctctacagttactgagcacacaggacctcace ATG
(SEQ ID NO:22)

The original sequence was replace with the following replacement sequence:
20
Hind III Sal I Xhol
AAGCIT GTCGAC CTCGAG CCACCATG
Kozak (consensus sequence) (SEQ ID NO:23)

25 The Sal I fragment containing the entire coding region of the light chain was then subcloned
into the Xho I site of Bc163, a mammary specific expression vector and pcDNA3, a
commercial mammalian expression vector. Orientation was determined by restriction
enzyme analysis and/or sequencing. Figure 1A is a schematic diagram of the light chain
construct (431A). The nucleotide and amino acid sequences are shown in Figure 1B.

30 Figure 2 depicts the nucleotide sequence for a Sal I insert containing the coding sequences



The original 5 prinme region had the nucl eotide sequence (ATG sequences are
capitalized; ATG corresponding to initial methionine is indicated in

bol d): aagctwoFes@at ATG caaat cctgctc ATG aat ATG caaat ceCTUSM/25558 at ct ac
ATG gt aaat at aggttt gt ct at accacaaacagaaaaac ATG agat

cacagttctctctacagttact gagcacacaggacctcac@-ATG (SEQ I D NO 22) The original
sequence was replace with the follow ng replacenent sequence: 20 Hind Il

Sal | Xhol metgmcm@mmu@mmmmmmw Sagwa agBiguesEQ | D -

NG 23) 25 The 2 lhe!mailf:% lotofgg Into %4582 tAdiReS @ SQQMH'cMnﬁ:gfy

l'ight chain was%{" en's S|teo Be 163, a
specific ex pthe satiingseqeentes fordighit MN&Bumauzed@mmeﬁmhmnmuaw agibedissi on

vector. i ept.atj.on st [ e d/ or
sequenci ng ‘glgt?rlsemf‘%a?%% Eb§é?1°8 Mef‘%"feﬁtr% gtcg{éﬁl F}%ﬁeﬂﬁéwﬁéﬁgtruct
(431A). The (el Bing degich)ghdane 31@-asdislumessiand fgioar e shown in Figure 1B. 30
Figure 2 depicts the nucl eotide sequence for a Sal | insert containing the
codi ng sequences WO 01/19842 PCT/ US00/ 25558 -49 for |ight chain of

humani zed anti -carci noembryoni ¢ antigen antibody 431. Shown as Figure 3 is

a schematic di agram of a construct
cont ai ni ng. Q%ﬁé&ﬂing s cleanstiuat L ,
anti - carci noenbr @E?g&%h&%ﬂbe@%rg%& tion ”bzlhea%v (El&ﬁ}oﬁthaééﬁﬁlbﬁ | ocation

of the silencer, casel n unt he 11 ght chain
-codi ng ragi Cnm,nstamtiu&rkaahshea(ly clmmnhondqspmcqﬁm a hu;gmd

2:
dosar i bes t HBChh R AR PuababdC R ATRb B RIRRINT specl (57TP €

construct u semgsslbmvdc@a@clﬁﬂandn a n@mmgmial memmhummmsimw&r PeRtA3Ye d

L.

ramary apeci 1§ 0 THBRCICHnS Budodf Sciakine nEAY HaRp iblorpl AR 1 0 °

expressi on Vgiente Wicsibidjed intd PEEM32 ¢b fabﬁxtate)ﬁ:ﬂhdr nfanipglatiort. Boed mutationg t he
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a) To create a Sal I, Xho I, and Kozak consensus sequence at the beginning of the
coding region,
b) to change the sequence at the internal Sal I site while retaining thecorrect amino
acid sequence; and
20 c) to create a Sal I site immediately after the termination codon.
The signal sequence that was used for the light chain was also used for the heavy
chain. Again, the regien between the Hind III and Nco I sites was removed and
replaced with the same set of oligonucleotides used in the light chain to create a Sal
I site and Kozak consensus sequence immediately before the initial methionine
25 codon, (see above).
The internal Sal I site had to be changed for the purpose of subcloning the fragment

into a beta casein expression vector.

Asn Gly Val Asp Thr Leu (SEQ ID NO:24)
30 original sequence AAT GGG GTC GAC ACG CTA (SEQ ID NO:25)
new sequence GTG GAT (SEQ ID NO:26)

Be 458) | ch |ncI udes the Sal | insert .



15 were nmade to the coding region of the heavy chaii 4-gl ucuroni dase fusion
construct: a) To create a Sal |, Xho I, and Kozak consensus sequence at the
begi nni ng §fo éik8ss2c0di Ng regi on; b) to change the sequenPET/EBINAESI nt er nal
Sal | site while retaining thecorrect amno acid sequence; and 20 c) to
create a Sal | site inmediately after tA@-ternination codon. The signal
sequence that was used for the Iight chain was al so used for the heavy
chain. Again, the region between the Hind IYdA8Ad Nco | sites was renoved
and replaced with the sane set of oligonucleotides used in the Iight chain

to create a Sal | . uz&g% J Hg@f“l I efore the
initial nethi oni'ﬂg’% %Q%ﬁ‘.“@@é“%ﬁ@@&% | n?%gio I%%ia%igghad to be
changed f or sttingoflfr qslenine residuestbetwean the tratsiationzl gtepigodon) and theXtadtsite.chg ei n
expressi @n vect of.. V Thr . 30 original
sequence M%%@%C%Cﬁéyi ‘gﬁﬁebg%gﬁggwg%énce GIG GAT (SEQ
ID NG 26) ill:; WO 01/19842 PCT/ USOQ 25558 -50 Val Asp The 3-prine

fl anki ng sequence contai ned two polBheddnyk&ti on signal sites and a string
of 16 adeni ne resi duerigiizkseqaare t he TTRASTAGAGEA AGACTGH(RQ BhNOt27e Xba |
site. To 5 renove theseeguempeences, TH &AT TGAGGT GG CTIGEEQID NOB) af t er

t he stopigcodon. Phe Thr * * original sequence TBAIIACT TGA GCA AGA CTG ( SEQ
I D NO 27) new sequence TTT ACT TGA GGT CGA CTG (SEQ ID NG 28) 10 Sal |

0T SaBDed, et ot BB R aF e BB RSB, TS
change the brigiadlipidn wdsad gdp the DNAZRtivead thetNe I andiXbariesiteodnd|chage thedibtetdab same
e T, SRl o A M B el | ST v
15 accomplish so the 3-prime Sal I site was added first and a new gap was made between the
two Bgl II sites to change the internal Sal I site. The gapped regions were then sequenced in
entirety to confirm that no changes were made to the sequence. The only difference found
was in the fourth intron, 1673 bases from the initial ATG. A cytosine was found in both the
mutated and the original plasmid instead of adenine, as shown in the printed sequence
20 above. The SalI fragment containing the entire coding region of the heavy chain --
glucuronidase fusion protein was then subcloned into the Xho I site of Bc163, a mammary
specific expression vector and pcDNA3, a commercial mammalian expression vector.
Orientation was determined by restriction enzyme analysis and/or sequencing.
Figure 4A is a schematic diagram of the light chain construct (431A). The nucleotide and

25 amino acid sequences are shown in Figure 4B.

EXAMPLE 3: Generation of Linked Construct

—_—_— -

This Example described the generation of a construct which includes the light chain

30 andthe heavy chain/B-glucuronidase fusion, along with their corresponding upstream and
downstream beta casein sequences ligated together into a single cosmid.



two Bgl Il sites to change the internal Sal | site. The gapped regions were
then sequenced in entirety to confirmthat no changes were made to the
sequence. TR @nbad2di fference found was in the fourth i MATAS0/ZEB3 bases
fromthe initial ATG A cytosine was found in both the nutated and the
original plasnmd instead of adenine, as3thown in the printed sequence 20

above. The Sal | fragment containing the entire codi na _e%l on of the heavy

chain -- gl ucurohmtds’dommmamthﬁmseblmywﬁmtﬂgrﬂémggdﬂ@% atwo t’lm,ﬂ Xho |
site of BolORuefl SRR iSRG thihs GeERECRRCRE MME R ordlith e

commer ci al mral 1 an expr ess on vector lentation was detefm ned by

restricti on chains/atengwish their own nortesponding upsteeam@nd fdownstrean Peta easein sespences | ¢

di agram of the i f C 431 A). The nucl eotide and 25 am no
aci d sequend’%"?’{éﬁﬁI e\é\‘%}ﬁlﬁ @gé#&% EXAMPLE 3: Ceneration of Linked

Constructs This ESI‘alaq:iheredhasdw thiseipartre] (ratgerte) was mbdified byninsertingtthavhi ch
includes the lig chai 0.,a n/ 0- gl ucur oni dase fusi on,

al ong with thei rPél(? °glgﬂwckﬁggeﬁé2$g§%a%ﬁgcﬁ§omst ream beta casein
sequences |igated together into a single cosmd. WO 01119842 PCT/ US00/ 25558
-51 In order to elimnate Ithe possibility of |rgv rati ng only one chain of
atwo chaln mPlObEelle cé cé‘&&b%éym&‘ as . A9eB@@Nadgct ed into

mi ce or g her "SPect g8 %GGSG R AGETA } ACPAG 8RO IIFRDANSli ng
upstream and dovvnstream Ia casel nxggquences vvere | i gat ed together into a

single cosmd. 5 To achieve this do this supercosl (Stiatagene) was

nodi fied by inserting the .follow ng oligonucl ept.ides into th HI

site: Pvu | Pvu [Thesgmodificationspieatea evrea@%eéj’ﬂwoétﬁts teg, sugegeo t‘féﬁ

(SEQ I'D NO %%iq h§| al [ @nd Ko 1\éifes A0k 1, NE1, GRPECSRY SiteSflanid'théde TitdAGrd o Bafi il | D
0

NG 30) Sal These nodifications create a new supercos plamd,
desi gnat &% §ﬁ®§rde%1;9)'§§4 with unique Sal | and Xho | sites. Pvu I, Not I,

and Eco Rl sitesThi 8 shjasRs Sorh B Bels, Baitdinibh the Rodsfiddd; hdmhaoyed
The Sal | fragments fromBcl74 or Bel 75, contal ni ng, the no |f|ed lig

chai n and theawy\chain/Brginquropidase padinedegiens idinhe FégF%fﬁ'g Solrio 39 ?T?E‘“l?et a
casei n 5-prigbaiflonPfesiltively, were inserted into the Xho I site of supercos 334. Three

clones were isolated and prepared. The orientation was determined by restriction enzyme

20 analysis.
clone # name insert orientation
1 LCl14 LC reverse
2 LC13 LC sense
25 11 HC9 HC _ reverse

The complementary Sal I fragments from Bc174 and B¢175 (used above) were then
ligated into the Sal I site of the above constructions. (Heavy chain fragment into LC13 and
LC14, light chain fragment into HC9). The resulting ligations were then large enough to

30 package in-vitro into lambda phage particles (Amersham kit N. 334) and were used to infect

E. coli XL1 Blue. Three versions were generated and one of each of these clones was

isolated and prepared:



fl anki ng regions respectively, were inserted into the Xho | site of
supercos 334. Three clones were isolated and prepared. The orientation was
det erm ned RyohPfksd Ction enzyne 20 anal ysis. clone # nameriusemrzssss
orrientation 1 LC14 LC reverse 2 LC 13 LC sense 25 11 HC9 HC reverse The
conplenmentary Sal | fragnments from Bcl74sand Bcl75 (used above) were then
ligated into the Sal | site of the above constructions. (Heavy chain
fragnment into LClporeid LCndde | i ghtinsehai n f r@fga®eén i nt o HCO). The
resulting ligatiogns were tBgrsol ar ge IYREYh t Orevéser@vdekge i N-vitro into

| anbda phage partg cl es (Amgggdiani KigoMe 334)sensedsensy € used to infect E.

colt XL1 Blue. Thigee versi ggggaver e ggygcat ed podsereser@f each of these
clones wag isolated and prepared: |i WO 01/19842 PCT/ USOQ 25558 -52 clone

# name insert orientation 1 Bcl80 HC/ LC reverse/reverse 9 BclSl HC/ LC
sense /sense 20 Bc182 LC/HC reverselreverse 5 Although made through two

different pat hmy&m&%@%?ﬁd@ﬁ%&%ﬁé&ﬁ%&%&i B3 anll'BR 19008 edstiRRANY b\/\/nen

cut away fromthe vec enviewed in'the Sense direction, they ot h

contain the theawye isert when quf ensayriom tha yectas Whenviyed dn e senise distionfheind
l1nked to thgotf;QoAtAiﬂ*&&e HEQ\?J& gthouf@idist ST céil&{é_f@i’dgvéd by 3nd fihited 15 RR1 2! N
e pronot er g i body codi

the 5-prine a caseln reglion, the ant ng reglon, and
the 3 prilfe bgltahainSalilrvassktta) BacySal & qassetceonthins e Seprings; betayaseipprometsr wer e

made: the |ight chain. .t e f.0l | . ' sette, or
t he heavy ch‘%ﬁ’r?nttglgse ﬁ%gﬁ?%ﬁ%ﬁ%%"@%g%n%% c%ge:{%ﬂcas est:g?‘feé. &15 EXAMPLE
4: Char act eri zat i lnressshce, tvweo dpecjéstwebhmiade: thelliglit aham @ssatte falloGled by therhealas e
Oonstructs TheIanl |3 heRlY tnkih 3IER' SRy Bl oot bl cul ture

usi ng the pc

15 EXAMPLE 4: Characterization of the Light Chain and Heavy Chain/b-Glucuronidase
Constructs

The manipulated DNA fragments were tested in tissue culture using the pcDNA3
constructs described above transfected into cos 7 cells using the standard protocol for
20 Lipofectamine using Opti-MEM (Gibco-BRL). Conditioned media (DMEM +10%FBS)
was removed after 48 hours and run on a 10 -20% SDS-PAGE gels for Western blotting.
Western Blots were conducted following standard procedures, Briefly, for the heavy
chain/beta-glucuronidase, samples were run in triplicate under reducing conditions and
electroblotted onto nitrocellulose. The nitrocellulose was then cut into three sections and
25 incubated overnight with each of three monoclonal antibodies: Mab 2149/ 80, Mab 2156/94,
and Mab 2156/215. The secondary antibody used for detection was from Cappel (cat. no.
55570 ), affinity purified horse radish peroxidase conjugated goat anti-mouse IgG. '
Detection was with the ECL kit from Amersham. Mab 2149/80 was the only antibody that
showed a signal on the western blot.
30 For the light chain, samples were again run under reducing conditions and
* electroblotted onto nitrocellulose. The nitrocellulose was then incubated overnight with



constructs described above transfected into cos 7 cells using the standard
protocol for 20 Lipofectam ne using Opti-MEM (G bco-BRL). Conditioned nedi a
( DVEM +10%wop1i198,2s renoved after 48 hours and run on a ROMES0RESSOS- PAGE
gels for Western blotting. Wstern Blots were conducted foll ow ng standard
procedures, Briefly, for the heavy chaiqi/ beta-gl ucuroni dase, sanples were
run in triplicate under reducing conditions and electroblotted onto

ni trocel | ul | . | . tions and 25
ncubat ed dOnE mliitbetddaRChiobluRF el it Kaho b AplidCRBEL ") 507 3
Mab 2156/ 9455233)d Deteptioni 8/ withshe Bk kit omtaershaant | body used for detection
was from Cappel (cat. no. 55570 ), affinity purified horse radish

per oxi dase conjugated goat anti-nmouse IgG Detection was with the ECL kit
from Aner sE¥AMRBE 52149/ Ryrodustio mspenicodmimalsdy t hat showed a signal on
the west®&rn blot. 30 For the light chain, sanples were again run under

reduci ng condi ti . ec | ot ted qnto. ni t.r | Lulose. T
nitrocel | ul ose \ll/\\glgr% Pnigeéﬁmll n&;‘%%‘fs&%‘%ﬁf%‘%“ﬁ g tcu%mg%he&%&&ﬁe fb‘%?&y“cg%cn“
- PCT/ 1 | SO0/ Zh gkt 8hain)xnd Boi Ee(heavy ichdin)withBal Hwgelesse tjelbgeteriad sgmedceant | - human
Kappa chai n, anti bod |, no. 5233) . tion s. Wit hot he ECL kit
from Anmer s&éﬁm&mée%%%%%& exgkf&q?dgﬁggﬁgcgn%%% thegwmaﬁr oi nj ection
fragments westempy Epmticgd. by cutting the beta -casein constructs Bcl74 (}ight
chai n) d Bcl75,.( heavy chai,n) .w t,h |.lto rel ease fhe.bagcteri al
cequencll “Fr aBeREAiarat R orgin R sepetiat o it A gode
concent r at egsters using arexphssion eectos yartahiing the Boativeg @aseinfuphtreamodnd cedihg ons of t he
original nucl eotide seguences were tested in.the. se nodel . .system using
an expr essiSBHEUEST D1 SREIG ARTSCY0Ds V1A ap4 S it Wi EPRESHONE Coui n
sequences. flonwhiel fouader liaesnedre ideitifisd andwested fundler. Jhel origindl HNA kegdericed 0 nouse
enbryos, frommwhich. founder |.in were identified and tested.further. The
ori gi nal DIWQ’%%@HB@?"HW%EQ“&P?%- o§ﬁqﬂ?§8?’£’5’h\ﬁp‘t"ﬁs °'p’f°ﬁ§‘fflag1’%ﬁ" sequence
whi ch all$ overcertagewf highgrsincing iighldines. SFop exaneplé, adthoutfthdingllatqr gedlerallyng ani mal
| ines. For exanple, w.thout the.insulator gengtal.ly ne .in three |ines
woul d be. & OBE ieies lipss st be A elatively Befpropuctr o Witk i ingulgfor, infoaltt £ as o,
al nost al | althost llkof thelkates proddeed @tk ghrexpregsinglines.essi ng | i nes.

Two sets of injections were carried out as follows:

For the first set of injections, 1249 embryos were injected of which 838 survived,

20 and 737 were transferred to pseudopregnant females. From these females 80 live pups were
bom, of which 8 were transgenic, 7 of which carried both chains.

For the second set of injections, 508 embryos were injected of which 435 survived,
and 426 were transferred to pseudopregnant females. From these females 44 live pups were
bom of which 2 were transgenic, both of which carried both chains.

25 Bc181 was injected over three days. In this set, 840 embryos were injected of which
641 survived, and 618 were transferred to pseudopregnant females. From these females 39
live pups were born, of which 5 were transgenic, 3 of which carried both chains. Due to the
repetition of the flanking beta casein sequences, it appears that in some cases recombination
occurs deleting one chain or the other.

30 Bc181 was co injected with the silencer fragment over four days. In this case, 1495 goat
embryos were injected of which 1183 survived, and 1073 were transferred to




Two sets of injections were carried out as follows: For the first set of

i njections, 1249 enbryos were injected of which 838 survived, 20 and 737
wer e transkfs pPdsh0 pseudopregnant femal es. From these feowiusw/2B888| i ve pups
were born, of which 8 were transgenic, 7 of which carried both chains. For
t he second set of injections, 508 enbry®- were injected of which 435
survived, and 426 were transferred to pseudopregnant females. Fromthese
femal es 44 psevdopmagpent geatdemales: Frag these, tH livepupsewere hormagod 1@ of thegerwess  whi ch

carried bot ENS: . Q) V, &L%.n LSy Set,
840 enbr yosgav\% e Q%ﬁxg%?ye%%‘?ﬂmhwgﬁhg%?%%%%ﬁge%}%&rmr %r?gﬁisferred
to pseudopr baghamiboflecheinss. From t hese females 39 |ive pups were born, of
which 5 were transgenic, 3 of which carried both chains. Due to the
repetition of the flanking beta casein sequences, it appears that in sone
cases resonBKAMBIES: Geacration afdNiathnitsiof theHeavh Thainf-Glubwronitise fusidi(Priiein 81 was
co injected with the silencer fragnent over four days. In this case, 1495
oat enbryos e ipnjected of which, 1183 survived, ,and 73 r

? r ansferreé to %fﬁ@ﬁ%‘%ﬁ%?% active ieﬁ@@%d‘ﬁ?ﬂ”é’ 3?ﬁt\g§5§iea‘fyerral es.
Fromt hesg, c}ﬁkﬂ-i;t]xbibﬂﬁmmr m%ﬁﬁﬁbwmmﬂmﬂﬂu@%odMﬁw\?tde@meﬁ Si Xd
carryin ot h chai ns wo of the pups carr oth..the silencer fr nt an
bot b’ anti bolly coMINs TheSiesek pitater RS au L e Al ey

Chai n/ (i 1oQ vaYEPU ASO:31 Y &tith beinfing o the Bl liirohidasd dtidinigRed dfites Aifsig BePr €SSi ON

of active nolecules, two mutations to the heavy chain fusion protein were
carri ed out CHZipertiontap glygeranidess. was to renove the hinge region of the

construct. The c At tn“ﬁagt% 4 Lkge e

(al a-al a-al a- al Zﬁﬁ%ﬂj\}gﬁﬁg’(ﬂgﬁ%@? E&%@@%’{ at %9‘3?3{3%%‘*‘ h%yabp‘h ?ﬁéelﬂm

( |3 gl ucur ganam }L%iéﬁ;:gchyeqmé@,fuaimwxgmtmeGa@lgwpbbpﬂl@ndmo‘_sﬁed andan

gl ucur oni da [ ; @g@,p%sc;ug,ms again
used. The c%ﬁ%r?a-?[gg]? Bge rivh‘g"ﬁ%é‘gf% cﬁ cgﬁ{aggﬁg %ﬁ%@ﬁ lon proteln in
pGenBZ wis hBeE2 plus MesI. nWher bailgd togethenand conlest somie ofgachstrand annead fyming)theva s

| i neari zed Yx‘{tgrg ‘épﬂl@(ac é’?i’"? ﬁ%%&q”ﬁ'éé . L el BB hfddudti us Not I
When boi |l ed og?eﬁ er Ogn oag esog:;%?ﬂg%c ggﬁ?ﬁée}i‘nneaﬁﬁ?ormﬁé t he
het er odupl esitesofwanes genstructs wgte dhentmagpcbeqiiegeipg oven thetgapped podionde maka t he
Bst E2 and N%ebooﬁ&rﬁ&aﬁ%%e&%%ﬁ%&&ﬁﬁﬁ wer e then made, sequenci ng over

t he gapped portion to nmake

20 GTC #403: using the oligonucleotide "Behr hinge-alternate" (in bold below) removes the
hinge region and part of the introns immediately preceding and after it.

ccaaactctctactcACTCAGCTCA CGCATCCACCiccatcccagateceegt (SEQ ID NO:32)
intron intron ‘
25
GTC #406: using the oligonucleotide "Behr hinge/linker" (in bold below) removes the

hinge region and ala-ala-ala-ala-val linker, fusing the CH2 and B-glucuronidase coding

regions.

30 agcaacaccaaggtgGACAAGAGAGTT CAGGGCGGGATGctgtacccccaggag
CH2 coding sequence B-glucuronidase (SEQ ID NO:33)



sure no other nutations were made inadvertently. 20 GIC #403: using the
ol i gonucl eoti de "Behr hinge-alternate"” (in bold below) renoves the hinge
regi on and psownt/oB4z he introns i medi ately precedi ng and RET/AS00125558
ccaaact ct ct act cACTCAGCTCA CGCATCCACCt ccat cccagat cccecgt (SEQ I D NO 32)
intron intron 25 GIC #406: using the ol Sg'onucl eoti de "Behr hinge/linker"

(in bold below renoves e hinge region and al a-al a-al a-al a-yal |inker,

fusing the CH2 andepnt ’%Pﬂ%@@gis?ﬂg‘mqeéb‘f%& %‘Gme‘?“smgasa\{ Yand :

agcaacaccaaggtg%@mﬁﬁﬁ?ﬁw&h%@&ccccaggag CH2 codi ng sequence

P- gl ucuroni dase (SEQ I D NO 33) 01/19842 PCT/ US00/ 255.58. -55 The nutated
FHeRls e iR

fusion protein c regsionof the fapodsd projesnsag optaingd witha vecter, ¢

subcl oned i NdcRisidihgRITRSINCErTbEnIdGS Bagnnt FAGWE by dib gbat b 84stinQfonfott! €SSi on
of the encoded proteins was obtained wth a vector consisting of a

si | encer PorinserNA and)goatibsia casein 3 primentignsiated ngions Rothmutantheaw) shaiss onot er |
-5 insert DNAngandidealainialebsch 36bcibndd d SHEh & Wcid?¥9¢48D SehifiEe Rfed bPShlt

mut ant heavy chains and the |ight chain have been subcloned into Such a
vect or, Bc45utes whick release the entite iniqsijondiagment. sj t es whi ch rel ease the entire
I njection fragnment. Bc454: Bc450 with heavy chain nmutant 403 (m nus hinge)
10 Bc456: Bc450 with heavy chain nmutant 406 énj nus hi nge/linker) Bc458:
Bc450 with the | Bghi4: Bedidwith hagvyclginyagan 403 (misushiagedot i de and ani no aci d
sequence 1Por t he Befit6 Bed 0wt heawpehain routart 46 (minushinge/linkeRr ci noenbr yoni ¢

anti gen anti body Be438: Ba#30 with thalightichaie region. 15 Figure 6 is a schematic
di agram of a construct (Bc 454) containing the nutant heavy chain of

a1 Ucur oni dase seqians SRy hElANAL SRl ok lch ol (R4 aal el haie’
unt r ans| at ecpfhugprized aptisarcineenbryeniaantigen ansihedy 43 1 lagking thedhingeaegion. usi on
coding region, apgytdWisd schiirfafic GiasratidFh Sokatrat B8 4945 Qérftfining the mutant heavy
chain of humanized anti-carcinoembryonic antigen antibody 431 linked to the §- '
glucuronidase sequence. The location of the silencer, 5° B-casein untranslated region, the
heavy chain mutant/  -glucuronidase fusion coding region, and the 3° B-casein untranslated
region. '
20
EXAMPLE 6: Characterization of Transgenic Animals

The previous examples describe the testing of the original fusion protein and two
heavy chain mutants in the milk expression system. The original fusion proteins were tested
25 both without the insulator and also co injected with a separate insulator fragments. The
heavy chain mutants, on the other hand, were tested with the insulator integrated into the
construct.
Initially, the concentration of the fusion protein produced in milk was estimated by
comparing the signal of a sample to that of a standard on a Western blot. Later, experiments
30 measured activity rather than concentration based on Western blots. The activity

measurements were more accurate.
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sets for each 5 construct attached. Constructs DNA | nsul ator Western
Maxi mum (ﬂi@onu@ﬁﬁh act esti nat|ddsulggorri Bc174BWesteriy | § mum -
20 Bc181 qriginal, linked No 1000-2000 Na Bcl1l81 + hﬁ@ﬂ'ﬁt t _oLi.ginal,
| i nked Co ijnj ected -1000 100 fragnment Bc456Bc458 M WE@/’F?‘H er yeg
1000- 2000 § Bc454Bc458; M nus hi nge yles 1000- 2000 8péstink#aknti mghkly t he
results shgqwn herein inglicate that while high | evels of proté¢in can be
in mlk, myst of this pfotein is not lactive. Such ipactivity|may be due
a fol ding TBRTHBLES Or | @rigiv@bl €M 1 n [ifee assenbly Of ~80@ t et fader. Reno
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Bc181 + insulator | original, linked Co injected ~ 1000 100

fragment
Bc456/Bc458 Minus hinge/linker | yes 1000-2000 {8
[ Bc454/Bcd58 Minus hinge yes 1000-2000 | 800

10

15

Essentially the results shown herein indicate that while high levels of protein can be

made in milk, most of this protein is not active. Such inactivity may be due to a folding

prbblém or a problem in the assembly of the tetramer. Removal of the hinge and linker also

produced a protein with low activity. In contast, substantial amount of enzymatic activity

was achieved upon the removal of the hinge alone.

Approximately, 8 mg of this protein have been produced in mouse milk. The

isolated protein is currently being tested in in vivo studies (“human CEA positive colon

cancer metastasis model”).

A summary of the data regarding the mice produced and analysis done follows, in

table form.

A. Bc174/175 founders

20 Original DNA without the insulator



was achi eved upon the renoval of the hinge alone. Approximately, 8 ng of
this protein have been produced in nouse mlk. The 1isolated protein is
currently beigw@gnbtsasted in in vivo studies ("human CEA podAIVusen2sssson 15
cancer nmetastasis nodel”). A summary of the data regarding the mce
produced and anal ysis done follows, in-3fable form A Bcl74/175 founders
20 Oiginal DNA without the insulator WO 01/19842 PCT/ USOQ 25558 -57 Line
2 Sex PCR Copy # V\éstern Act|V|ty Gen. ug/m ug/mM* LC HC LC HC HC 2 F +

+ 10 10 - - -8 T - - Xk T+ - 800
22 F + + 1 4% --| %0, 1| 554 [FF 800 23 Cops ¥ 50 50 -i4io;ioi ] A,
40 M+ + 140 100 |Gemcol 1~ 64 F + + + + --- <0.1 81 Myemi_ _[vgm* | o “gg
F++ 2529 -- .3 116 M+ 4175 216He + 4800 38l Fme + -800 n.al = not
anal yzed (| |2ne carries Pq)nl y—one chain) 5 11% o — od
y) F + + 1 1 — <0.1
10 F T T 10 10 |~300 i
142 | F T T ~300
22 F + + 10 10 - <0.1
154 | F T T =800
23 F ¥ ¥ 50 50 | ~400 3
200 | F T T 00
0 — ™ T ¥ T00 00 [— D1
62 F + + + + — <0.1
3) M ¥ =~ |na
35 F T ¥ 75 35 [ 3
116 M + + 5 5
216 F + + ~800
221 F + + ~800

n.a. = not analyzed (line carries only one chain)

10 .



i1l WD 01/19842 PCT/ US00/ 25558 -58- B. Bcl181 founders Oiginal DNA wi thout
the insulator; a fusion of the Be 174 and Bcl75 injection fragnents PCR
Copy # WestwomiAdwhi vity ug/m ug/nml (approx.) Line F1 Sea/isonksssd C HC HC
6 M+ + 12 12 49 F 0.0 50 F 0.0 52 F >1000 39 60 F >1000 41 25 F + + 15
15 0.0 29 F+n.a. na. 0.0 33 M+ n.a58s.a. n.a. 36 F + + 100 100 0.0
n.a. = not analyzed 5 WD 01/19842 PCT/ USOQO 25558 -59- C. Bcl1l81 + insulator
f.ounder s Or BgiBra81 fonaders usi on of the Be 174 and Be 175 injection fragments)
co-injected with the insulator PCR Copy # Western Activity ug/m ug/m?*
(approx.) Line 2 Sex LC HC Sil LCHC sil HC gen. 9 M- + n.a. 0 1 n.a.
Original DNA without the insulator; a fusion of the B¢ 174 and B¢175 injection fragments

PCR Copy # Western Activity
ug/ml ug/ml*
(approx.)
Line F1 Sex LC HC LC HC |HC
6 M + + 12 12
49 F 0.0
50 F 0.0
52 F >1000 39
60 F >1000 41
25 F + + 15 15 0.0
29 F —_ + n.a. na. 0.0
33 M — + n.a. na. |na.
36 F + + 100 100 0.0
n.a. = not analyzed



13 M+ --- n.a. 20 --- n.a 1S5 F+--na 30---na 33F+ +n.a 3
3---800 40 M-- +n.a. 02---na 58 M+ +na 210 -- 2-139 F + +
--- -800 43w@othdg2F + + --- -800 31 66 F + + n.a. 1 1 +pCngusnasss8n.a. 1 1
-- 0081 M+ +n.a. I I Not pass 90 M+ + n.a. 20 20 + 2-123 F + + + :
-1000 -100 2-124 F + + + -1000 60 2-+*%- F + + --- Low 15 5 n.a. = not
anal yzed gill WD 01/19842 RCT/ US0O0/ 25558 -60- D. Bc456 + Bc458 founders
Mit ation rerfyBei@ltitiosulatorfounderd | i nker: 1 Generation 2 Generation Sex
VESCoL L AN o . P o O b e 21
msulator
~ PCR Copy # Western | Activity
ug/ml ug/ml*
(approx.)
Line | 2° | Sex LC |HC Sil |LC |HC |sil [HC
gen.
9 M - + na |0 1 -~ | na.
13 M - na. (2 0 -—- | n.a.
15 F -— na. |3 0 - [ na.
33 F + + na. |3 3 -~ | ~800
40 M — + na. [0 2 -~ | na.
58 M + + na. |2 10 -
2-139 { F + + - ~800 43
2-140 | F + + —- ~800 31
66 F + + n.a.- 1 1 +
78 F + + na. |1 1 - [ 0.0
81 M + + na. {1 1 -— | Not pass
90 M + + na. | 20 20 +
2-123 | F T[T T ~1000 ~100
2-124 | F + + + ~1000 60
2-126 | F + + - Low 15

5 n.a.=notanalyzed



152 F none 0 5 WD 01/19842 PCT/ US00/ 25558 -61 E. Bc454 + Bc458 Mutation
renmovi ng the hinge only 1 Generation 2" Ceneration 3 Sex Western HC
Activity GCavebogiskan ug/ m. 162 died c-section F 4 F Hi glpchusdotidasss Good
177 11 F 133 12 F 185 182 M 15 F Good 83 187 M Not passing gene 193 M
27 F High 838 57 F 829 58 F 742 59 F 96@8- 60 F 574 61 F 752 62 F 534
201 F Good 416 215 F (died) 219 M-- F 220 M--- F 5 WD 01/19842

PCT/ US00/ 25588B¢c456 + Bc458 founders

Mutation removing the hinge and linker:

1" Generation |2 Generation | Sex Western HC Activity ug/ml.
F none 0
F 0
13 F none 0
18 F 0
24 F none 0
57 F good 2
65 F good 8
66 F low 0
138 M
175 3
152 F none 0




-62 Exanmple 7: Ceneration and Characterization of Taansgenic Goats The
sections outlined below briefly describe the major steps in the production
of transgeweo@gosks. 5 Goat Speci es and breeds: Swi SS- orp@insigesEs, €. 0.,
t he Al pi ne, Saanen, and Toggenburg breeds, are preferred in the production-
of transgenic goats. 10 Goat superovul atﬁlon The timng of estrus in the
donors is synchronized on Day 0 by 6 ng subcutaneous norgestonet ear

i npl ants ( Syadchit Be498 CEVA Laboratories, Inc., Overland Park, KS).

Pr ost agl andi f er the fi rst seven to nine days to shut
down t he ené‘g%%t?\oclﬂgﬁbsy hﬁé@%sa@ progesterone. Starting on Day 13 after
insertion of the inplant, a total of 18 ng 15 of follicle-stinulating

hor none (FWW%—-}, et :SWMI y
over three a3t/;s in tw ce-dai ‘§? |(§ﬁ cti o™ The i TSRS {8884 onl Day
14. Twenty-|f our hours|foll ow ng ratiom |r enoval tfhe donor amg/mkl s arp mat ed
several ti[MTESdEd T CT [ LiRtdhe €S [OVET a tWo—day pgrrod—Setyrath—et—pl . ,
Theri ogenollogy 1990 { pn 1195412058) 40 Enbryolcollectioh. Surgery| for
enbryo col lfection occlifs on the|second cé:y foll oy#Hg} breed ﬁ(g (or 72} hours

foll ow ng i[fmpdant renpval). Supérovul at ¢ does all Gobgnoved] {770 food] and
wat er 36 hetrs—pr-of o—SuFgery- Does ni d 0 B ny/kg Diazepam
(Valium(r)) LV, 25foTOV\/ed|mn=d|ater y 5.0 nmy/ kg KetamH’é(Keteset),
V. Halothane (2.5% B admnistered d@Fi ng surgery in 2 |18 n oXygen via

an endot r a¢fjgat—tube—TheTeprofitctive—{jact—tsrextertorped—through a
m dline | af incision Cotpora |ufjea, unruptured follicles grieater
than 6 nunli ian cys¥ are copyffeedd to el8 uate
super ovul affii resu ' Tt pattig Y OF uld be
col | ected tby 30 oviductal flushing. A c@nnula is|placed’in}the ostium of
the oviducf and held |in place W\yth a WD|01/ 19942 / US00/ p5558 -63
193 M —
' 27 F High 838
57 F 829
58 F 742
59 F 944 :
60 F 574
61 F 752
62 F 534
201 F Good 416
215 F (died)
219 M —
F
220 M —
F




single tenmporary ligature of 3.0 Prolene. A 20 gauge needle is placed in
the uterus approximately 0.5 cmfromthe uterotubal junction. Ten to
twenty m ahosi/Peid e phosphate buffered saline (PBS) is PCTasmsssshr ough
the cannul ated oviduct and collected in a Petri dish. This procedure is
repeated on the opposite side and t hen-6he reproductive tract is repl aced
in 5 the abdonen. Before closure, 10-20 ml of a sterile saline glycerol
solution is poured |nto the abdom nal caV|ty to prevent adhesions. The

| i nea al ba ExempleZo{engr: SdmasgegleGoalss of 2.0 Pol ydi oxanone
or Supranid and Tﬂ%ese&isn@oﬁhﬁbaedéxow ﬁrieﬂﬂ@sehmhmm stepd il $he prétutiiod gred goat
eggs are collected fromthe PBS oviductal flushings on a ‘stereom croscope,
and are thehanseemegPatsn Hanis F12 nmedium (Sigma, St. Louis, MO 10
containikg 10% fetal bovine serum (FBS) purchased from Sigma. In cases
where the' pronuclei are visible, the enbryos is imedi ately m croinjected.
If pronuclei ar eGestSpedjesandbuwedst he enbryos can be pl aced in Harﬂs F12

cont ai ni ng 10% e

chanmber cont ai nrﬁ? 35%%%99%‘% g EHE'/Q % é‘“g”[r“gﬁ%g?; ecorre vIJ I s1 bl e

(Sel grath, wtheypro ucnnapfbgwemimts 1990 pp. 1195- 1205) 15 M croi ni ection
procedure: One-cell goat enbryos are placed in a mcrodrop of nedi um under
oil on a glass depression slide. Fertilized eggs having two visible
pronucl €i0 ar e i nfdedtiseperaslation:a f| ane- pol i shed hol ding m cropi pet on a

Z ht A
p?l)rs]ﬁcrg{]lsg| S mﬁ ol nj gg{%ﬁgdtﬁl&gﬁﬁ%‘gﬁg I’ UCt[?aS’f I"nt e g‘?tchR%l“gs a
BC355 vect onorgestanast mmglpiahe (Sxnstoorated (EIEN A Lgbaratotgse el Oyeildnd Park., KS) t he
regul atory ?}ogﬂgl Rlﬂﬁas Sgﬁer %tfﬂst 't@?igg P%s tJE %hu't &%ﬁ:f{hk Q&o@éﬁoﬁ.\gr

(iris-EDTA) m croneed
Theri ogenol s;gghesm Qﬁprogqaspcn}nel Stutirg®5)Day13 afteringedticenf eheoplpbnt. a totgltof 1 8 mg

m croin t . , LY of Hanml's F12
Cont ai 1% bRl Hortfons (Y ol Eocf Remblordh, S8 g 0
cont ai- ni ng BftaGofulardy oxenthree d7E (h twiketdaily krgectiens. ﬂ'lsnmth iszenwved en Paypar ed
|00 SRR Ml s B A ROerd 2 Brc
times to fertile males over a two-day period (Selgrath, et al., Theriogenology, 1990. pp.
1195-1205).

20

_Embryo collection:
Surgery for embryo collection occurs on the second day following breeding (or 72

bours following implant removal). Superovulated does are removed from food and water

36 hours prior to surgery. Does are administered 0.8 mg/kg Diazepam (Valium®) IV,

25 followed immediately by 5.0 mg/kg Ketamine (Keteset), IV. Halothane (2.5%) is
administered during surgery in 2 L/min oxygen via an endotracheal tube. The reproductive
tract is exteriorized through a midline laparotomy incision. Corpora lutea, unruptured
follicles greater than 6 mm in diameter, and ovarian cysts are counted to evaluate
superovulation results and to predict the number of embryos that should be collected by

30 oviductal flushing. A cannula is placed in the ostium of the oviduct and held in place with a



-64- Preparation of recipients: Estrus synchronization in recipient aninmals
IS induced by 6 ng norgestonet ear inplants (Syncromate-B). On Day 13
after insertwom/msszt he inplant, the aninals are given a BECTGS08/25558

non- superovul atory injection (400 |I.U.) of pregnant mares serum
gonadotropin 5 (PMSG obtained from Si grfd.- Reci pient females are mated to
vasectom zed males to ensure estrus synchrony (Selgrath, et al.,

Ther i ogenol osiggle teaporarydjgatutel ¢f3.0Pokhe. A BOrgauge ndedleris placed imihie utemisr yos from

o piont vl b3 400 ARRoG bR TER el ol of ke Bros ey

out | ined f orbuffetedsalinedBBS$)ds flished thmigh ﬂ:ectamiuhwd ,ovishuctsypd collested ithePeir idi.*.hct S

et 5 F 12" c o BPRRH B ol SRR RS e et R s e

usi ng a gbasthe ahdomeri Bdbre closiepl (BZOmI/ofmgtembrsalmdgiyceml oltitioneis pdntred intoul at i on

points on t V. ened ui. t ab n on cI sure.
rd 15 post 6 fpminel il REpEyent PRiiarl rhe s BBE RGN S MRS BRuSied "
Sel grath, etsutires,of Ziidholydipxmmine gy SuptA8ia ancpqhe skiifl elosetl At steriléAvouridalipsn g of

pregnancy and part ur.t e n rasonogr aphy 45
days after the fi P"é[‘z%f B?gggﬁrgr‘ﬁ?]eﬁéd E“Sﬁ%v’g‘ﬁgégéj’"ﬂgfﬁ "% second

ul t rasound mxmmmmaﬁmmmmﬂmmﬂsﬁmmmm@@m&ems MOyl stress.
At Day 1 the Le I ent na h lghanu toxoid and
Costri d 'ﬂon""ggll%«%nﬁt f?!‘rg%\ #ﬁ) ‘Cbéf)e%g g ‘161%‘5 | ver nectin
was gi ?/en SﬁonthEarﬁmﬁleaﬂie eftibysos 1st1mmdﬁie5mmﬁxgédtedo rlf ﬁejyucleiﬁreanﬁg al | owed
to acclimatize,tq thi,s env nnent ..orj t o i.ndu n a

197" Par ¢ ar 1 RO SRR b AT B 342 teheae Forl ¥ Toot ek iy ot )
(lijj ohn Corrpgagsrciahammf dl\gasblimx) confﬁhmsg' 5%1p€x2tm anu?]ﬁlsh@ruﬂal tlel MctTmﬂet wg
oses, one ours |ater. e doe

i s under per¥ @?@d?ﬁﬁ%@"g ’%?ﬁﬁi{‘?l ??#ég gﬁa&g{)'em ng fol |l owing the

first injjgction of Lutalyse(r) on Day 147. Ooservatlons are increased to

every 30 m nut es!geg' nni.ng on !t he norning of the second day. Parturition
occurred between ] d ~after the first WO 01/19842 PCT/ US00/ 25558

-65 injection. Fonkowl gt etabiyveiry plabed il tidredrop biishelinm ufidek bit 6h 2 glass

colostrum andd p1p 6}‘nso?:l sﬂge Offemhzed eggs having two visible pronuclei are immobilized on a flame-
polished holding micropipet on a Zeiss upright microscope with a fixed stage using

20 Normarski optics. A pronucleus is microinjected with the DNA construct of interest, e.g., a
BC355 vector containing the fusion protein gene operably linked to the regulatory elements
of the goat beta-casein gene, in injection buffer (T; xis-EDTA) using a fine glass microneedle

(Selgrath, et al., Theriogenology, 1990. pp. 1195-1205).

25 Embryo development:
After microinjection, the surviving embryos are placed in a culture of Ham's F12
containing 10% FBS and then incubated in 2 humidified gas chamber containing 5% CO2 in

air at 37°C until the recipient animals are prepared for embryo transfer (Selgrath, et al.,
Theriogenology, 1990. p. 1195-1205). '
30

e



pl acenta is confined. Verification of the transgenic nature of FO ani mal s:
5 To screen for transgenic FO aninmals, genomc DNA is isolated fromtwo
different wwehinekdznes to avoid m ssing any nosai c transgecrason/25538psai C
animal is defined as any goat that does not have at |east one copy of the
transgene in every cell. Therefore, an-&b tissue sanple (nesoderm and
bl ood sanple are taken froma two day old FO animal for the isolation of
genom ¢ DNA (La(gggpaednonlofg_ecgﬁehaboratory Manual , 1986, Cold Spri ngs Har bor,

10 NY; and Herr n hauf Met hod nzynol.0 198
180- 183). The ﬁ‘g]F' @‘%ﬁ?ﬂ'f’gteaﬂmb 'lsﬁ’@('ﬁ%d ‘3?%1"5&8’38%%{?‘?3 e?react i on
(Goul d, et ﬂi%lantdzﬂfsmrm%ﬁé?) OATA 13 &fdr inséiBiSR of ﬁg uﬂgantJéﬂBdmﬂﬁBh 83;] girdniug I
primers spegific for t usi o e an out her, ot anal ysis
(Thoras, Pr HBeIKEM}-SUPELD at°§'c‘?‘-'e°tl‘8‘§86°ef7‘3‘) g%ﬁig”gﬁ'dgﬁ’e ge%g%padt;}gggxom pri med
1|‘3 i rst rrﬁggg(phﬁg o o Bigna C REtipipit Ragaldshapd mb@dmasettdﬂﬁgﬁhﬁmwga, ﬁS Anal .

i oc. itivit sti 0 be the
det ect i on o@sﬁﬁﬁéw@éw?‘ﬁ“yt(ﬁég‘f‘&‘aéégﬁﬁn?wn g@! &?9(? %&0% )-cel | s.

Generation and Sel ection of production herd The procedures described above

can be used for production of transgenic founder 20 (FO) goats, as well as
ot her transgeni cﬁgm% transgeni ¢ FO founder goats, for exanple, are

bred to produce Af kkbrybé ﬁéﬁm&nopfmmawngﬂﬁgmtahawﬁ@m
offspring if it is,a male founder- This transgenic, founder can be

bred to Nonteeipignsyhen RossiblAm Thasurgial prsﬁ@&tfd@dmﬁ%@émte“ﬂ@M%%Wgpr. ng. 25

Transmi ssi Oébméu&nro%ﬂﬁﬁeaeovemcafﬂiatm@mldféa&rxﬁ@&ﬁhma&a%dﬁie&awoweon of the
transgene of int erest, 1 n the oat line is anal yze in ear tissue and

bl ood by Pdwaﬁaeémmmﬂwhvneeﬂﬁawﬁé cenfaining 7 Qv BBS igin theeyiductal ot
anal ysi s of W] viaf tR&flBia B3R a&qx&l&smb&r ma@mﬂ@m&eq{ahm%e@h@hom no

rearrangenent or change int copy nunber between generations. The

Sout hern bl ewéat@rleoww«ébp Qe e 6@%15@1?#1399%%#@1#%%%@& ein cDNA

probe. Tfe Plpb %M@E&nﬁ&s?or@@ﬁ&%ﬁﬂﬁ?s@%c@”del N, 11 Z WO
01/ 19842 PCT/ T500/ 25558 -66 nunber determ ned by corrparl son of the

transgene t &heriogengingy. 1#Pare dd&3-R2Bhdogenous

Monitoring of pregnancy and parturition:

Pregnancy is determined by ultrasonography 45 days after the first day of standing
20 estrus. AtDay 110 a second ultrasound exam is conducted to confirm pregnancy and assess
fetal stress. At Day 130 the pregnant recipient doe is vaccinated with tetanus toxoid and
Clostridium C&D. Selenium and vitamin E (Bo-Se) are given IM and Ivermectin was given
SC. The does are moved to a clean stall on Day 145 and allowed to acclimatize to this
environment prior to inducing labor on about Day 147. Parturition is induced at Day 147
25 with 40 mg of PGF2a (Lutalyse®, Upjohn Company, Kalamazoo Michigan). This injection
is given IM in two doses, one 20 mg dose followed by a 20 mg dose four hours later. The

doe is under periodic observation during the day and evening following the first injection of
Lutalyse® on Day 147. Observations are increased to every 30 minutes beginning on the
morning of the second day. Parturition occurred between 30 and 40 hours after the first



gene. Evaluation of expression |levels 5 The expression | evel of the
transgenic protein, in the mlk of transgenic animals, is determ ned using
enzymati c aswayy19842 \Western bl ots. O her enbodi nents are WRCTABI/25358

followi ng clainms. WO 01/19842 PCT/ US0O0/ 25558 -67- What is clained is: 1. A-
met hod of making a fusion protein havingéSa first nenber, fused 5 to a
second menber wherein the first and second nenbers are chosen such that the
f usi on pr ot einjectiens dreblowingidelivenathe dosiis eilkiditeicaliectithe gotbsirumpéndpassags afshenhi ch

optim zes ac ]j &i Jﬁ“} multimeric formof the second nmenber. 2. The
met hod of cléu m%&s%erefﬁh the first nenber, or the fusion protein, 10

assenbles into a form having the sane nunber of subunits as are present in
an active formaf_ the.seecqn nber,. 3. .The . hod of claim1, wherein the
first nmenber i ncf)v"3 d?:? o &e e f et hod of claim 1, wherein

t he secon@} rre_nber-ro é'c&eﬁ’fdi‘%nsfﬁéﬁ@F&‘&ﬁ}nﬂlsbg%H&HﬁiﬁNA fs-isoT:_h&i ﬂ&h!@@&'d@fereﬁi aim 1,
wherein the first nmenber is has been nodified at a site which nodul at es
f or mat i on or celidines toraxoid enissinganyosdiorransgdnics L Bundsais anidl . defiingd aswbyhgt of

claim1l, whegrej he. fir nber f s .8 i r. 7. litﬂg h f claiml,
wherein the #‘Férds%teglrlr(g%‘éeraﬁ?ﬁsc ﬁ%%ogygﬁ&’leg s&grbenml E,'ery %"V\A‘ll cﬁ’?%iaagg%'(eh e

nodi fied to sanipld(iniesddernmaand blood Samsplerark takerefrom aftwo day did Fg heimabfontd of cl ai m
7, wherein the nodification is a change, insertion, or deletjion_of one or

more ami no alselationafiggaamic DNAYLagys 61 als Ajlgberatopianual, | P86 Soldoipsingsarbesy m o
fn“_ t ggelr |1|©{\|1W?/% ﬁ?l\}{lél?xrnliﬁtﬁnl\cﬂi E¥8hauf M&hod¥EnkyriRibeyt 1987. i152:7p" 160-188). el d form
DNA samples are analyzed by the polymerase chain reaction (Gould, et al., Proc. Natl.
Acad. Sci, 1989. 86:pf). 1934-1938) using primers specific for the fusion protein gene and
by Southern blot analysis (Thomas, Proc Natl. Acad. Sci., 1980. 77:5201-5205) using a
random primed first member or second member cDNA probe (Feinberg and Vogelstein,
15 A4nal. Bioc., 1983. 132:pp. 6-13). Assay sensitivity is estimated to be the detection of one

copy of the transgene in 10% of the somatic cells.

Generation and Selection of production herd

The procedures déscribed above can be used for production of transgenic founder

20 (Fp) goats, as well as other transgenic goats. The transgenic Fg founder goats, for example,

are bred to produce milk, if female, or to produce a transgenic female offspring if itis a
male founder. This transgenic founder male, can be bred to non-transgenic females, to
produce transgenic female offspring.

25 Transmission of transgene and pertinent characteristics

Transmission of the transgene of interest, in the goat line is analyzed in ear tissue
and blood by PCR and Southern blot analysis. For example, Southern blot analysis of the
founder male and the three transgenic offspring shows no rearrangement or change in the
copy number between generations. The Southern blots are probed with immunoglobulin-

30 enzyme fusion protein cDNA probe. The blots are analyzed on a Betascope 603 and copy



This Sheet Has Been Replaced III1L1IT i 121211 iltbl 11l WO 01/ 19842
PCT/ USOQ 25558 -68 9. The nethod of claim 7, wherein hinge region of the

i mmunogl obuyb@/igsez nodi fied. 10. The method of claim7, woanmshmsssse

nodi fication results in a dinmeric Ig 5 structure. 11. The method of claim
10, wherein the dinmer includes a heavy-é&ain fusion and a |ight chain
fusion. 10 12. The nethod of claim 1, wherein the second nenber includes
bet a- gl ucumenbet determiiéil by domparivoh offthe tragsgrierto the golitdien casciéndbgendiis menber is
an i nmmunogl obulin (l1g) heavy of light chain, and the second nmenber is
human bet a- §Gcur oni dase fusion protein. 15 14. The method of claim1,
wherein the fusion protein is produced in a transgenic animal. 15. A

met hod for provi&igg,a tEansgenica!ly produced fusion protein of claiml,
conpri sing obtai it nsgeni ¢ mamal , which includes a fusion
protein 30 encodThexbressisnlevtdof thétrafspénié prolelh, infthe MR 6EE&IsEhidnithdlS, is
prot ei n-codi ng sequence of fusion rotelq in mamrary gl and epithelial
cells, ther88 USIOg SRAYERHC asseysoR WRsBER®tSi n the milk of the mammal . 16.
A nucleic acid construct, which includes: 25 (a) optionally, an insulator
sequence; (b) a pronoter, e.g., a mammary epithelial specific pronoter,
e.g., a nmlk proPberembedimepisare within the folldwingelaims. sequence whi ch encodes a
si gnal sequence which can direct the



secretion of the fusion protein, e.g. a signal sequence froma mlKk
specific protein, or an 30 inmunoglobulin; 11110 ~~~~~~ 10 1 1122 11 11
Il s This Skeetndsizs Been Replaced 11111111 11111 111111 | PCTAUSK0L25558

01/ 19842 PCT/ US00/ 25.558 -69 (d) optionally, a nucleotide sequence which
encodes a sufficient portion of the ani®o terninal coding region of a
secreted protein, e.g. a protein secreted into mlk, or an imunogl obulin,

to all ow secwshtii9€lainRdgs:, 1N the mlk of a transgenic mammual, of the fusion -
protein protern, 5 (e) one or nore nucl eotide sequences which encode a

fusion protein, e.g., a fusion protein as described herein; and (f)
optionally, a 3 wuntranslated region froma manmmary epithelial specific
gene, e.g., amlk p'iOte'Rx&%ﬁofﬂthcﬂigaﬁéwﬂlﬁdt&hﬁa% ¢ FVIREnBAE (fusedDi Ch

i ncl udes a nucl eic acid nol ecul e enco fusion protein of claima1. 18.
A fusion Protein t@lege,cpndar@eranﬁ “@Praquﬁrstl@dﬁgcons\membm giewhosen midlghat fliei ch

i ncludes a transggis SR8 1111111
TTIATTT R e bt a5 8IS Buda Lt A hing %aah@b%rgigﬁwﬁgip hlch

1111111111111 11 |optmnzps getivity of the multimeric form of the second member

2. The method of claim 1, wherein the first member, or the fusion protein,

10 assembles into a form having the same number of subunits as are present in an active
form of the second member.
3. The method of claim 1, wherein the first member includes an Ig subunit.

15 4, The method of claim 1, wherein the second member, is other than an Ig
subunit. '

5. The method of claim 1, wherein the first member is has been modified at a
site which modulates formation or maintenance of a multimer of subunits.
20

6. The method of claim 1, wherein the first member forms a dimmer.

7. The method of claim 1, wherein the first member includes an Ig subunit,
25 which has been modified to inhibit formation of a multimeric form.

8. The method of claim 7, wherein the modification is a change, insertion, or

deletion of one or more amino acid residues, and results in a subunit which does not form a

multimer or which forms a lower order multimer that it normally would form.
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9. The method of claim 7, wherein hinge region of the immunoglobulin is
modified.

10.  The method of claim 7, wherein the modification results in a dimeric Ig
structure.

11.  The method of claim 10, wherein the dimer includes a heavy chain fusion
and a light chain fusion.

12. The method of claim 1, wherein the second member includes beta-

glucuronidase.

13.  The method of claim 1, wherein the first member is an immunoglobulin (Ig)

beavy of light chain, and the second member is human beta-glucuronidase fusion protein.

14.  The method of claim 1, wherein the fusion protein is produced in a
transgenic animal.

15. A method for providing a transgenically produced fusion protein of claim 1,
comprising obtaining milk from a transgenic mammal, which includes a fusion protein
encoding transgene that result in the expression of the protein-coding sequence of fusion
protein in mammary gland epithelial cells, thereby secreting the fusion protein in the milk of
the mammal.

16. A nucleic acid construct, which includes:

(a) optionally, an insulator sequence;

(b) a promoter, e.g., a mammary epithelial specific promoter, e.g., a milk protein
promoter;

(c) a nucleotide sequence which encodes a signal sequence which can direct the
secretion of the fusion protein, e.g. a signal sequence from a milk specific protein, or an

immunoglobulin;
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(d) optionally, a nucleotide sequence which encodes a sufficient portion of the
amino terminal coding region of a secreted protein, €.g. a protein secreted into milk, or an
immunoglobulin, to allow secretion, e.g., in the milk of a transgenic mammal, of the fusion
protein protein;

(e) one or more nucleotide sequences which encode a fusion protein, e.g., a fusion
protein as described herein; and

(©) optionally, a 3’ untranslated region from a mammary epithelial specific gene,

e.g., a milk protein gene.

17. A nucleic acid construct, which includes a nucleic acid molecule encoding a

fusion protein of claim 1.
18. A fusion protein described in claim 1.

19. A transgenic animal which includes a transgene that encodes a fusion protein

of claim 1.
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