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ANl MAL  AND PURI FI CATI ON OF THE TARGET MOLECULE 5 Background o ﬂM4

| nvention Production and purification of polypeptides for therapeutic and
di agnosti c purposes has becone an inportant industry in recent years.
Early attenpts at reconbi nant pol ypeptide expression utilized plasmd
expression vectors in bacteria. For exanple, U S. Patent Nunber 4,816, 397
di scl oses reconbi nant expression of immunoglobulins in bacteria. These
approaches 1o were limted by the need to break open or |yse the bacteria
to obtain the reconbi nant polypeptide, which was present as part of a
conpl ex soup of bacterial proteins and other bacterial substituents.
Further limt M@H@Q%@%?BBHWMMWGETWMMWCW
reconbi nant  pol ypept i deANR RURIFKATION QF THE TARGFIMOLESHI® i n i npr oper
pol ypepti de fol ding. Sone of these problenms were | essened by reconbi nant
expression of polypeptides in i5 mammalian cell culture fernmentation
systens. U. S. Patent Nunber 5, 639,640 dlscloses _reconbi nant expressi on of
human follPcle stinulating hornnn@m(FBFU wrefBYeR#A™ an cel | cul ture.

Unfortunately, su@hodweiviahd meific@bh ofpdlybdptiges ?@ maﬁﬁeuaé mmxagyo%ﬁ@mpoaés%as
extrenely expensive to tQe(is ate, and the gg %/n% tides there y produced are
18 my}

part of a conPic&%e # FPETR BIuSEY Brerenyeary HetEgramp BHeum 20
Efforts to oveipessien dﬂhmdmraabidemmespxbe%mts th lsnctehesmr aymble TS rPa&ud Nudtbet N
;L?R;?eg;g t end % Q{@ﬁﬁ Id%@lf)% reF %ﬁb tleQ?rPstmg O} %%%E?ﬁ!lo(g nnoa%;/tgi{; :, gﬁgseta}gﬁarga% eni c
expr essi ontoof were linpedityi thiensed 1o brespletpen of lvmﬂw&mtﬂg 1 mnmbedc:dmhmzmhe expensi ve
manmal i an cel I Shified ant
pol ypepti des. Lal-gd#é%/dgr ¥ a@ﬁﬂ%&%&r@% ?%a:t&ﬂgi?t %%gfﬁ%@%ﬁ%rb@ﬂs &l Q%%Fgamﬁq

. culture syst efipstitepts] E““’Q‘S" limigtions sqeltefl fromraprraativ noxidgtion figds ey thefreqopbingmti nal s.

Mor eover, t hepdid Mmd‘@ﬁwﬁﬂ%ﬁbyodnfﬁﬂﬂ&%pr@&%wadé@mytuent of a
conpl ex mxture o} ﬂ}(ths{)rot &l ns a thods are need to gurlf t he

pol ypepti des from°S%E S Prgplgms §ed Y reCPROTR| RPETSHR 0SB FRRAdST Bsent
i nvent i on 16 e amam@sianetinobae &’hmfiﬁaﬁﬁﬁu@‘kt&gs t1ag. Jaient Nak@ErH, 639, snmdedld%ﬂsS geni c
oni el and T Gienel ULl A TSR 8L RL L SE AT LG G Bl ol
the dis ;:_over %/Unﬂaaunaalyt rlgsimpgdiay pém:lndefmmu@syemmmmdnaﬁ dx;ﬂmre?d edt [ 3
an inactive ctivate

. el zmd%etpgg'ﬁ?ghé ﬂ%@ebgg{ol &« g‘??’g Hirpc{f % @{)rﬁﬁ(!:x rﬁ)&gre o}}$gmm% reaengl ng

This can allo avoil of co can arise 0
the protein thegrowth medium.

20 Efforts to overcome the problems present in these systems resulted in transgenic
expression of recombinant polypeptides in various transgenic animal systems. This effort has
allowed the high level transgenic expression of polypeptides, thereby eliminating the need for the
expensive mammalian cell culture fermentation systems for production of recombinant
polypeptides. However, to be a practical alternative to mammalian cell culture systems, it is

25  important to maintain the health of the animals. Moreover, the polypeptides thereby produced
remain a substituent of a complex mixture of milk proteins and methods are need to purify the

polypeptides from such mixture.

' Summary of the Invention
30 The present invention features methods of producing target molecules in transgenic
animals and methods of purifying such target molecules. The target molecule is preferably a
target polypeptide. The invention is based, in part, on the discovery that a target polypeptide can
be expressed and secreted in an inactive form into the milk of a transgenic animal and then

activated. This can allow for avoidance of complications that can arise by producing the protein
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t 00 MAR 2004 in active formin_the animal. For exanple, prg)décti on of
certain proteins including enzynes, growh factors, hornone neeR 2004
cytokines, in the mlk of a transgenic animal has been found to cause
health problens in the animal. Methods of the invention can mnimze such
problens. The invention also features systens and nethods for the
purification of these and other target 5 nol ecul es present in biological
systens such as nilk. These systens and nethods can utilize, for exanple,
transgeni c expression of multival ent binding pol ypeptides, such as affinity
ligands, into mlk to purify such target nolecules. Preferably, the
transgeni c i aixedbemin thi anthiah f opolaypletréddaivn of@iaibproSinbBbiidifs dnafae!

nol ecul e and j . L. esel ected |jgand of a phase
separ abl e rraF‘? rg{%%&,lzig%or Féndé]?y Si?nr?g’ggféle%%o‘ge)%ﬁmﬁgﬂcw P fewdiur es, a
met hod of pr GRASCIAY RICHemsfB the apipkly pegioichd the invention emsgeinize sefipfiBlems The

nmet hod 1 ncl utesSinveRfiGHAIG fELrd I i i i nagtive state; obtaining
the inactive pol ypepti de; _aﬁgﬁéégf?iaggﬁ%%dg% ggglgfhf%né)ﬁf)?%ces? dts)°ﬁfeﬁ?Fg§by
provide tfe P&F@%ﬁg PHSFR) Fifripeina! sysigmy sickees mills Bresextstendrod ingibods, car itidize, for :
pol ypept i de examprashiedic eXprafiol SaaiivwWeunDhahe drﬁe&idfeg, S &s iy MeQQUGL, €. 9.,
a fluid of th granfygse%lc ani mal , such as m 1K In a pre garrté’ e ocﬁ’ment,
a tissue ormglf SRR, >ueh gect mpjecyles. Errfaraivn the gansgeas mwlivalon dinding pelgpeplidesi ned
from the transyedibothanirpminoletulone a prebsidiciBihg, clgh@ pleaidRl PRk Xf’ﬁ@&iede I's

i nacti vat ed %U&ﬁé%m%essi on of the target polypeptide with a binding

pol ypepti de I C I'nds to and inactivates the target polypeptide. In 20 a
pref erred?®enbodi nent, the binding pol ypeptide and the target pol ypeptide

exi st as a conpl | [ or product, e. fluid, e.g., mlk In a
preferred enmbodi %%dtrmn%]%? (tn_}acra%g%LetBeolﬁ%é%qtdf?%’ééSaﬁﬁgﬁdrﬁF’ﬁ’ﬂ““ﬁﬁﬁl AEBti de are a
ligand and ROGEARHEF i AfEmtpenieanmal. Threndshaddichigespprbdiping the delypeptid ifi &CEPt OF  OF
l'igand, or andctagRabbBihing the MEtive pbilfpedfi }i},ggcd%ﬁﬁer ggpc%g%ogﬁg%&% t he

bi ndi ng pol ypeptide is an anti body or fragnent referred
enmbodi nent , '{‘z‘h‘g&eﬁ%ct?r@f’té"’lém??ﬂd“encodi ng the target polypeptide is under the

control of a ti Sfue r?er?e%i fibccglsroqhnt eF, e.g., a pronoter which directs
expression in mammary - eprt herTy|eRelpeptdyis prodused nap mactive Fpie i aissre,or t he
nucl ei ¢ aci dreheou-rafivihel ty tadigage fihal el dak] b a pTdRl chB&IRRN LR Of a
tissue specig hoaR QIDLER, .a_oronot er Wi directs expression in
manmary epi tohgl i'%f’ crEgI ?%’.coﬁ?g?gﬁg VWH’%&’WW%E’I%‘E‘“%WHWOdi ng the
target pol ypept i genaasgbodnd 8 =Y Le.encodi t he bi.ndi ol ypepti de
are under control of the sage?%%eﬁé@eﬁﬁhg1&@%%99‘:0-(:@1*&51011of%tﬂ?’get
polypeptide with a binding polypéptide which binds to and inactivates the target polypeptide. In
20 a preferred embodiment, the binding polypeptide and the target polypeptide exist as a complex in

the tissue or product, e.g., fluid, e.g., milk.

In a preferred embodiment, the target polypeptide and binding polypeptide are a ligand
and counterligand, e.g., the binding polypeptide is a receptor or ligand, or a fragment of either.
In another preferred embodiment, the binding polypeptide is an antibody or fragment thereof,

25 In a preferred embodiment, the nucleic acid encoding the target polypeptide is under the
control of a tissue specific promoter, e.g., a promoter which directs €xpression in mammary
epithelial cells. In a preferred embodiment, the nucleic acid encoding the binding polypeptide is
under the control of a tissue specific promoter, e.g., a promoter which directs expression in
mammary epithehial cells. Preferably, both the nucleic acid encoding the target polypeptide and

80 the nucleic acid encoding the binding polypeptide are under control of the same-type of
promoter, e.g., the same type of tissue specific promoter. For example, both can be under the

control of a promoter which directs expression in mammary epithelial cells, e.g., both can be
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pronoter, e.g., the sanme type of tissue specific pronoter. ,

both can be under the control of a pronoter which directs X5V@s£3 nin
manmary epithelial cells, e.g., both can be 2 0 8 MAR 2004 under control of
the sane or a different mlk specific pronoter. The m |k specific pronoter
can be, e.g., a casein, a lactoglobulin, a lactalbumn or a whey acid
protein (WAP) pronoter. In a preferred enbodi nent, the nucleic acid which
encodes .t he bi ndi ng pol ypeptide al so encodes a sequence which encodes at

| east one ami no aci d exogenous to the binding polypeptide. 5 For exanple,
the nucl ei ¢ acid-can further include an am no acid useful in the

purification . I.pn a preferred enbodi nent, at
| east one aml%gerggl (fl? g})ﬁ(]tg'lgsea%%us ‘%l@ meﬂg‘i RYBS! v hrepil spesificamorbeseraeted,

e.g., an addées. mwmﬁ@cmglommmmﬂ dr B &heyCadid pRIWE OP)BronthgSel ect ed
ligand, e.g., a ligand used for purification of the binding polypeptide,
e.g., a 6X H'S | Phiefere epdpdimens e tytleicpaibwicrencade tBRR)ding @apehtdaalgdl t ose

bi ndi ng pr ot ekfodedBR uentedxh endod obetbus o Iha whi ch can
bind to a éor %soel ect e I |%§nd i s %%é%%%%‘%&?’gggag( %ée%r es?glhagmgﬁgﬁg&ﬁﬁp ‘%j

moi ety, e.%. " RSBMRYE By Hsicary candprlist wclade apewP pd eselpt ie selpedficadord dfgand or
matrix. In aunrrdafgeabryﬁdmemﬂdpﬂaﬁﬁ&d ertBmERHRRE: bhRGh.ih DEl UGS REPar at ng
e.qg.

the inactive ol om.the tissue or product, e. l"ui d
milk, prior tor%a %Bég ugecanth adge F%f%‘rald%améﬁﬁﬁélmr@ﬂoacldh@ﬂﬁmbmdm

pol ypept i de ipsesdeqparlgtmide.g.1 Olipasd dstdfofhburificaon oﬂmeMﬁ,de%gO]gi},clBgdcng%t Dey b di ng

15 noi ety of : e target ol ypeptide co ex to a
presel ect ed I’%ghgng&eﬂElllogéqj "%mgég(“g"f-‘c%’%] ﬁbmd&gﬁ’é‘feéﬂ( a liganidn ghis

col um), @BDammgaiﬁié (t(r@n@o acidg} whigh wéJ)ndOtliaﬁeaMBBed ligg@dlal{cEre@rred tolmun%Q) I'n
yet anot her %{ﬁ*aﬁgkﬂmﬂlegtbﬁg @lgggwpﬁglamg tmltdﬁlg IB%F%@% |v ted

modi fication of a site to activa 54 °”éa"éx

nmodi fi cation of amalpa#trgensiin®nat HEGehbeAURD for exanple,
a cleavage site V\Ih‘é/vsip tll.hl ows remval of a %cﬁlgér?‘%%p?ap?ﬁemfd)%eeptl de, e.g.,
a site whi cROBRPERTIDLPC SSheippatct 58 aﬂB’fié sarmﬂfomnopmcmegm An @ preferred

pol ypept i de. embodimqor, éfeciacig pol@ﬁd@ﬁ&lﬂxﬂ&ﬁimtedﬂ?@n&hﬁ@\é%g?mlﬁ] ﬁyqxlﬂdﬁmqpe%utdm%d such
that it ig ng.l ﬁ{ebgnc.—'d\l%o nized EP%I gg{ﬁce?m ng. enzy g.

endogenous pr oc sg? gFf °B’(E'¥%P§H“‘ﬁdﬁ°r‘@1tg%% ofX
product. In Hlselﬂwfi@a emb@mhnbmHg$pIumh)eCBarlge{d (@gl epapk sla Nosegihyaled by
nodi fi cationypkesgy Site, 25 e.g., a cleavage site, can further incl ude an

additional site which allows activati on, e.g., which allows cleavage such

as cl eavage of alpy@a@maﬁboﬁﬁ&mﬂ:@g@é{b aPRk ap&g&b%’mélgﬁgf ferred

enbodi nment dogeno ite for proteolytic cleavage can c“‘f‘?vat ed
and a new sﬂf@d SRR °P tﬁ’éw&qushﬂfatwn@éa@wgsqsm Thy cleodid site ogp t he
endogenoids chegfov axperpli 4 deasiapd ity wikidh allows removal of a portion of the polypeptide, ¢.g., a site

which allows for a removal of a pre and/or pro region of the polypeptide. In a preferred
embodiment, the cleavage site is modified such that it is no longer recognized by a processing

enzyme, e.g., an endogenous processing enzyme which naturally oceurs in the tissue or product.

In preferred embodiments, the target polypeptide inactivated by modification of a site,

25 e.g., acleavage site, can further include an additional site which allows activation, e.g., which
allows cleavage such as cleavage of a pre and/or pro- region of a polypeptide. In a preferred
embodiment, an endogenous site for proteolytic cleavage can be inactivated and a new site
supplied. The new site can be supplied by modifying the endogenous cleavage site and/or by
adding an additional amino acid or amino acids. Preferably, the new site is not cleaved by any

30 endogenous processing enzyme which naturally occurs in the tissue or product. For example, a
site cleaved by a protease present in the milk of the transgenic animal can be modified, and a site

which can be cleaved by contact with an exogenous chemical or enzyme can be added to the
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addi ng an additional amno acid or am no acids. Preferably, t@hg new site is
not cl eaved by any 30 endogenous processing enzyne which nag r Ai“yzgﬁi‘curs
in the tissue or product For exanple, a site cleaved by a protease present
inthe mlk of the transgenic animal can be nodified, and a site which can
be cl eaved by contact with an exogenous chem cal or enzyne can be added to
the 3 0 8 MAR 2004 pol ypeptide. In a preferred enbodi nent, the exogenous
chemcal is: an acid, e.g., cyanogen bromde. In another preferred

enbodi ment, the exogenous enzyne i s an exogenous protease, e.g., chynosin.
In a preferred enbodi nent, the additional site is cleaved such that the
target polyp b&Bde. In 8 9RBrrAPImH! traneous sequence. | n another
pref erred enﬁglg?%nt , tﬁlg site bib&élﬁl(%}f{ea?/%ggmg%g cr?f“lagis' FREN A GET°HBI ypept i de
i ncl udes | ess” 1o gpotheipreferred gmbeyiiment, thsrexgpenous praymoissn envemOusThichse,

resi dues. | nea.,phvafosinr ed enbodi nent, the target polypeptide is a hunman

pol ypeptide. In pref.erre enbodi nent, the polypeptide is: a hornone, a
growt h factor, aaIP:S"/‘tp Bﬁ{?“ﬁ%?“d?%‘”ﬁﬂ‘eﬁ’éﬁ‘?détﬂ’“ﬁeﬂ@ﬁHWF plt thattthedarges pgippeptidede i s:
bone matribx Powned inciidBbh) extreneths seqibfite. 2In aBthdr BJEQH’QA éﬁ}:joﬁ'ii'nenti, ﬂééﬂeirﬁ;b.le béﬁman
growt h fact ogueh%pﬁgfapgmogg?@romlhdf?ct r-Ji. In a preferred enbodi nent,
the transgenic ani mal i {piaptudes less than 201029, 4, 3 dyprd irapcous praipbraid pi g,
horse, canel residbesna, nouse or rat 15 In anot her aspect, the invention
features, a neth sgenj c production of a  target polypeptide.
The net hod i nc| ugggfpf’}gﬁ?/i&“ﬁ%ﬁ%‘%?a%&@ﬁ?@“&%ﬁsﬁﬁ?‘“ﬂ‘é\?iyﬁa’“ e dae Peiceredci d
whi ch encode&mepdiment 8¢ pplsbeppdens: i Hormend @ grovitehaaard ¢yelkinef Ingrdfiraue speci fic

pronot er g €. gmbod@nend i M. i . LESSi L0, ma ry. epithelial
cell's, and a_nycl el C agiglgi&\%hi chggehr?g%gg‘?ragg of Ypept egmﬂf@gg"d%/“ﬁds to the
target pol ypBFHinRmIn grofss fegtor; mnsfovaring growsh Gowt-Bol of a tissue 20 specific
pronoter, e.g., anppefthtcmblinedt i £RCleSic SXRLESS] &qla; mmary epithelial

cells; all orvi}l{)ﬁg 1he targ tl ol ypept i Eéeeglgn Che %I n |l’[1k' "pacﬁ°§/ &ea[‘)vtslgﬁfg to be
expressed i na 't PESTESST g’r oust@r igthe transgenic ani mal, e.g., the nilk
of the transgenic animal; separating the target polypeptide fromthe

bi ndi ng | ypept i Lhereb rovide the target polypeptide. In a
preferr eng nbodi %%tm,h%g& g‘? 5%?’%8’6%16915@&??&3‘03% thsiTRRREFTEC Rresluglinaf e de are a

ligand 25 dAdetPolyprEdd. | amdthodingudestpheiduigndiangeliOiRa BEVAL: fusleR akigCept or
or ligand, OghiéhdnbEsPRlzeQbyEd E& der thd Lo Q0 tﬂer referred enbodi nent, the
bi ndi ng pol ypeptide.is. an?’gn: f i og{? i crmgifgo(r?rg ﬁnsf'%é?% PrOmeien €df er r ed
embodi ment , HPRO Y direcserpression étmunnay emtheliabeels, agtl axgclelayip epich efcoddsS O

a polypeptide which binds to the target polypeptide and which is under the control of a tissue-

20 specific promoter, e.g., 2 promoter which directs expression in mammary epithelial cells;
allowing the target polypeptide and the binding polypeptide to be expressed in a tissue or product
of the transgenic animal, e.g., the milk of the ransgenic animal; separating the target polypeptide

from the binding polypeptide, to thereby provide the target polypeptide.

In a preferred embodiment, the target polypeptide and binding polypeptide are a ligand
25  and counterligand, e.g., the binding polypeptide is a receptor or ligand, or a fragment of either.
In another prefetred embodiment, the binding polypeptide is an antibody of fragment thereof,

In a preferred embodiment, the nucleic acid which encodes the binding polypeptide also
encodes a sequence which encodes at least one amino acid exogenous to the binding polypeptide.
For example, the nucleic acid can further include an amino acid useful in the purification of the

30 binding polypeptide. In a preferred embodiment, at least one amino acid exogenous to the
binding polypeptide can be added, e.g., an added armino acid or amino acids that can bind to a
preselected ligand, e.g., a ligand used for purification of the binding polypeptide, e.g., a 6X HIS
ligand, a cellulose binding domain (CBD) ligand, a maltose binding protein (MBP) ligand. This
4



encodes a sequence whi ch encodes at_| east one am no aciﬂ e}ﬁﬁinous to the
bi ndi ng pol ypeptide. For exanple, the nucleic acid can #h €084ncl ude an
am no acid useful in the purification of the 30 binding pol ypeptide. In a
preferred enbodi nent, at |east one am no acid exogenous to the binding

pol ypepti de can be added, e.g., an added ami no acid or am no acids that can
bind to a preselected ligand, e.g., a ligand used for purification of the
bi ndi ng pol ypeptide, e.g., a 6X HS Iligand, a cellul ose binding domin
(CBD) ligand, a naltose binding protein (MBP) ligand. This 4 0 8 MAR 2004
am no acid (or amno acids) which can bind to a preselected ligand is al so
referred to I: gl i e.g.,..a hi.ndin iety .capabl e of
bi ndi ng.a pracaren(Aamte sl HhB o \o% meedies ind s PRI PR % he

bi ndi ng pol Yipéipe Mdietyane 1 kindjegtmaisy sapahiet df timdiex » ptsleasd lipand@ngakdx i n t he
tissue, for exanple, the mlk of the transgenic animal. 5 In a preferred
embodi ment, t he RePF&dres eplodient the Puodissrobmeriida tridtrgect belyreptite eisteastaar get

pol ypept i decdrifdéR ih BR thins Fot@xQhpld) (R HHIE b thSrBisgeniBadintti d. €. 9., mlk, prior to
activation. In a preferred enbodinent, the inactive polypeptide is

separ at ed from dnklpttfiied emi@dime, thk methyd foitRe inBdds Bparbiinpdhdigactivdhedty of the

bi ndi ng pol ypept |- t et pol ypepti de_ conplex to a preselected |igand,
e.g., a 6X ¥@'Y‘%P1’%St{%{’rﬁ%a‘5‘%ésf lbepor pég'ffgteﬁl’agﬁ |10 Y pE'BT‘ﬂﬁ‘f‘B"me@B%’Wr@é&’ﬁ% (e.qg.,
cel | ul ose) enbalirhBR thei igpamd polepagtide is &Pararad framseftuid, k1g., milpbebibng the@mamdi ment ,

the pronote J I I En-mammary epithelial .cells is: a
casein pro m%lto}gg{ ochl.e%gdﬁlgb@@p‘%as%t ﬁagre% s Fapmiexto § grgiega ﬁtféj%i"‘il’ﬁ Byt gﬁot er,
e.g., a bet HIS Yizand Gg-avich] Pelavnstcolumny CRRdigard ¢¢.gl, qe¥uddse) an a pRIigaed (e.2a
| act oal bym papdsepoter. In a preferred enmbodi ment, the binding pol ypeptide
and the target polypeptide are under 15 the control of the sane-type of
ti ssue specifiC Ipk preRined emtBdghent, 10O bBmaEOV IR &Fre&%tiﬁ Bhm@ry pithPfp 0L er
which directs expression in manmary epithelial cells, e.g., both are under
the cont r ol SO 5 § HESRRRRORT o8t § o S TR Toer A el e Rtces 12 R
preferred elhogibiieptomoteh) @ wheyeaBigerdit pramotamh labidalmiiOfroftbtslan mamual - I n a
preferred enbodinment, the mammal is: a goat; a cow, a sheep; a rabbit; a
pi g; a horse; a Ibppieferredemgbapiient, the bipdingmelipentidaanddlie tarhet polypphideraragdect , t he
inventiog f gatiHu@ofdnelshddSBEN 1SS YRLiEOhEREP L Alof Mundbr Re con{?&irok% yrng, a
target pol ypeptide. The systemincludes an anrnal, e.g., a mamual, which
expresses aPPBOET BhiehHER ExpIrEeqn im rammany cpielia) cglle eygn éﬁ‘g pgander e coaitol ¢fy al ent
bi ndi ng pol ypepid o Qiffertfl hilk@BecHichpkdnsoiers. bi Ndi Nng mi ety whi ch binds the target
pol ypeptide and a second bi nding noiety which binds a

In a preferred embodiment, the transgenic animal is a non-human mammal. Ina preferred

embodiment, the mammal is: a goat; a cow; a sheep; a rabbit; a pig; a horse; a llama; a camel; a

20 mouse; arat.

In another aspect, the invention features a transgenic system for obtaining, e.g., purifying,
a target polypeptide. The system includes an animal, e.g., a mammal, which expresses a
25  tansgenic multivalent binding polypeptide. The multivalent binding polypeptide includes a first
binding meiety which binds the target polypeptide and a second binding moiety which binds a
preselected ligand, e.g., a preselected ligand of a matrix.
In a preferred embodiment, the transgenic mammal expresses a transgenic multivalent
binding polypeptide in a tissue-specific manner, e.g., the transgenic mammal expresses the
30 multivalent binding polypeptide in a tissue or product, e.g., a fluid (e.g., milk, urine or blood). In
a preferred embodiment, the mammal expresses the transgenic multivalent polypeptide in milk

and the nucleic acid encoding the multivalent binding polypeptide is under control of a promoter
s .



presel ected ligand, e.g., a preselected ligand of a ma %iﬁLRIEWE preferred
enbodi nent, the transgeni c manmal expresses a transgenfrc ﬁ t F¥dl ent

bi ndi ng pol ypeptide in a tissue-specific manner, e.g., the transgenic
manmal expresses the 30 nultival ent binding pol ypeptide in a tissue or
product, e.g., a fluid (e.g., mlk, urine or blood). In a preferred

enbodi nent, the mammal expresses the transgenic nultival ent pol ypeptide in
~mlk and the nucleic acid encoding the nultival ent binding polypeptide is
under contr ol of a pronoter 5 0 8 MAR 2004 which directs expression in
manmary epithelial cells, e.g., a casein, a lactoglobulin, a |lactalbumn
or a whey acig.: I P). pronoter.. | preferred enbodi nent, the
transgenic na‘gnlﬁa %%gx%e\oé\g?%m%gmﬁ@g’ﬁ!m%@ﬁﬁi%,3%F@,alacmioé‘éi,ﬂ-ftanel , 11 ama,
mouse or rat .lagalpymnipopy wheyacié proemyBiPypiomotet he nul tival ent bi ndi ng

pol ypeptide is exgf &4 b evels .in the. product, e.g., the fluid,
e.g., at least O. 1,%:?{,E 5 %Q&n%%rhd.mtfaﬁsgﬁm'bpg?’ﬁqfspeac?é‘rﬁﬁ’d?hﬁ?nfag’b"tPl‘é’ system
further incl es. amgpilamacmpyseiratch t he second binding noiety of the

mul tival end bi ndi pg, Jo Y NN [+ I .a pr.eferred errbo[g_i5 t, the
target pol ypeptide ilﬁg udes ag‘ﬁfrﬁ’g%b'ﬂe‘ﬁ@%}‘%“&‘é‘?B‘é?%?‘ggeésnexpfiﬁe F“t%gpe whi ch
i s bound by t!Relsp the progughgisn ghefidesg, apTeast fid, lnfili0imgablent bi ndi ng

pol ypeptide. In am @rgﬁﬁgdrﬁgoﬁm%e@ggm ﬁl&ﬂﬁﬁﬁuﬁé@%@x}a@iﬁﬂgﬁi&f& Is r.enovabl e,

e.g., the bi q)?[raﬁxple e |tfo e can be reéenoved, e.g., cleaved, rom t e

renai nder of g’gt‘%ﬁ‘%%? ‘%ﬂ%‘@}fﬁ‘ﬂ@@gmﬁlmb#@mew@d enbodi ment, the

bi ndabl e epitope fan. be rerrgé/ded by a catal ytic.noiet ry‘).. Preferably, the

catal ytic noiety 1's PPRSFE BPoUdmens ds yesinriynenise includesiavindehle poonepepiande,

Ie. g., a ;s@cowg:tg;gmﬁ_g@ﬁomwwmcmdmmggm&fwmml& inuﬁbﬁmbimm%onlgeﬁgg.ylggpti de.
n a preferr co nul tival ent bindi pol ypepti de,

e.g., the se?orﬁd t?ahﬁ%ﬁgglﬁﬁld&g‘?%’go ced ohnf? F’\?&”éjﬁtb“gfﬂ‘g?ﬁg?eﬁﬁ‘f%epti de,

i ncl udes a F‘?‘?%’Pd’éét’aCWE”@OH'G%@Pmaimdofahmﬁmdyjﬁpﬂm ivgp preferedd)embbdifibnt,

speci fical | y shivifdsbie § icGig Ie%gt ed |li.gand of a
matrix, e.g., a%rmat rfﬁbmﬁﬁc%fg‘gwggg%rﬁ?ct %ﬁﬂ t}ﬁeég—%étfrﬁ-} eI |y
bound by theP&® &fac%ﬁﬁ’ﬂnﬁﬂe%P@P@P@ﬂ’%% efgi» 8 Second wansegaieally provibced val ent

bi ndi ng” sl y il binking BolpsephaRt LRLbraBRALh BB Hhen Y o d A APE iG] YPEPL | de

and the multivale bi ndi n ol ypeptide are expressed transgenically into
i1k, The t PSR Dbt P B e o npapb Pt s
expressed by fisegahait €omain ardlasecond biydidgBoiap iRicREelBLally bilasH 1RdsBiBdla{£T 1 ed
enbodi nent , Eg.ea f:ﬁeﬂa@&d R é{gfeptgmdxee and t he Hﬁ}r1 std_F%rrledb}ﬁecond nul ti val ent
pol ypeptides afe  transgent cally expr 2E8EH P icfliereniipan tht mitre gecifically
pol ypept i desberad by e ssepvddinsiing nipyetydofitfecfirg mrbnsgemicyaifvalent binding polypeptide.
20 In a preferred embodiment, both the target polypeptide and the multivalent binding
polypeptide are expressed transgenically into milk. The target polypeptide and the multivalent
polypeptide can be expressed by separate animals or by the same animal. In another preferred
embodiment, the target polypeptide and the first and second multivalent polypeptides are
transgenically expressed in milk. Al of these polypeptides can be expressed by different animals
25 or two or more can be produced by the same animal. - -

Although the following system refers to contacting 2 multivalent binding polypeptide to
the matrix and then 1o the target, the opposite order is equally appropriate for all embodiments.

In another aspect, the invention features a method for obtaining, e.g., purifying, a target
30  polypeptide from a biological system. Preferably, the target polypeptide includes a bindable
epitope. The method includes: contacting a composition which includes a target polypeptide
from a biological system with a transgenically expressed multivalent binding polypeptide to form
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25 or two or nore can be produced by the same animal. - BBl MASugdiftt he
follow ng systemrefers to contacting a nmultival ent binding pol ypeptide to
the matrix and then to the target, the opposite order is equally
appropriate for all enbodinents. In another aspect, the invention features
a nethod for obtaining, e.g., purifying, a target 30 polypeptide froma
bi ol ogi cal system Preferably, the target polypeptide includes a bindable
epi tope. The nethod i ncludes: contacting a conposition which includes a
target polypeptide froma biological systemwth a transgenically
expressed nul tival ent binding pol ypeptide to form 6 Q8 MAR ?Iflk a

eacti on_ m Xtaterior Rixthe aRyco Bbith the Wifer bolfpftive RAGh 40 SR s;sfegm the

bi ol ogi cal )i)s referﬁ% t he mu tlval ent_bindin tide

i ncl udes a firaeay: P@?%P‘&WPB‘W&@W@NPlawm%mb|b@ds ®e g.

bi nds an epi tpa nmiecﬁlh,e: g, dingedn efidpe 6itheiarga RidletulS e e:oRd ﬂﬁﬁxﬁ'@mﬁ@ﬂy%ﬁ{:h‘m' ch
binds to a rrq)trl%< > .Ln a preferred enbodi ment, the nethod further

i ncl udes: mai r’ﬁal ni ngm% he m xture of the corrposi tion and the nmultival ent

bi ndi ng pal ypepti Uehq fir LN iety .of the i val ent
bi ndi ng pol ypept i %e pzan b%ﬁ d"ﬁe tﬂlgrmgeg{c)d ?bnéféflcs amtym‘agtheﬂ’f@“f)f’#%%bl e

epi t ope of t [vempesgiogard thomylpetsni h!@mglmlmmesﬁ@r&xaedxe énbiotinpemdicty bitge met hod
further incl %a]em%tpbl?&pﬁ&%an lg]la(%y{a&ctgf {)Jé%;@der@%rﬂlgila;l&byme%goﬁa o S econd

bi nding moi ety of the nultival ent I ng
al | owi ng t he & BAYPBIFFd hipreferr e embestiment dhe mgthod ﬁlath@mcluldtsndmngnquhwpept i de

to bind to tiRuRBkthimardio @rthHi &t &ea@@uﬁa‘g&qie%%e mmealémmg% AﬁBJegb%f

i ncl udes: rem)wlwg J;:%ﬁ unbqu nponents of "the m xture I ni ng,
e.g., eluld ng™ birk 25ddlgep %FVB‘@&’E‘}% “f"i‘f’@fﬁff}ﬁéﬂ“ﬂﬁ"%ﬁ]l"@dm& Wlmﬁ@wb%t ain

t heI tgr get Emd %ﬁ@ﬁiﬁﬁﬂbl dmaﬁrﬁer&dpﬁwdﬁﬁdhe&emwmmhmluaéa%h& Bgéo)éi?@p:]' de

i ncl udes a binda t e ch is_bound by the
first binding one%%q# T’% hzﬁlfi??téf&'fl%ﬁtg i Wg‘r'ﬁfﬁgﬁﬁ“’ﬁ?b’@ FRUfYRO™ P e et er r ed
enbodi ment , nm@mmm@@petmmu@ removabl e, e.g., the bindabl e epitope

can be rermved e.g., cleaved, fromthe remainder of the target
pol ypeptide. |n anpPeated eabodimsaihearget polypersidbinciodes b bindabletepisme.cag abe

removed by acﬁ&b@hﬂhﬁb%ﬁ%& bhe ﬁl%fﬁﬁcﬁﬁg%%&y oﬁtﬁ@mﬁ@%ﬁkﬁﬁﬂdﬁm gﬁésp%dé Sna pa” of

a second nult|¥ |n i a_secon enical ly

produced 20 RIS EPRB; 'rl?g]"ﬁgj’b%ﬁl"g’ﬁé ﬁtrf’?:ﬂé’abq?’ feathp P@é@h@@p@ﬁﬁﬁm ment, the
S ecgnd gul t : !mioeﬂt, e. @J, ciehvgrg frof ﬂiel)tmm{dbxdg;he@rgt ;laoi id8 CHQRkfired @ﬁgfd‘lxh&@ ly
proauced nmuil Ll vya | Nal 0 ept i . 1 ncl ude Irst cata ytIC
domai n and aEhs écon qrPcflcn nlme ‘i/)b’\%ﬁa ﬁm%BBl&Vf g"fﬂ%&y %F FRAYYS et Bx, e, g.
a matrix whpghofiageadnd mn@ﬂmt idating polypeptid, £.gXa spadinhhsgalidally podured by t he
second bigdi h Tl s %%dﬂé pchﬂ)@pﬁde. In a preferred embodiment, the second multivalent binding

polypeptide, €.g., the second transgenically produced multivalent binding polypeptide, includes a

- first catalytic domain and a second binding moiety which specifically binds a matrix, e.g., a
matrix which is different than the matrix specifically bound by the second binding moiety of the
first transgenic multivalent binding polypeptide.

25 In a preferred embodiment, the composition from a biological system can be a product
obtained from a transgenic animal, €.g., a transgenic mammal. For example, the product can be a

fluid, e.g., milk, urine or blood.

In a preferred embodiment, the composition from the biclogical system is contacted with
sample, e.g., a fluid, e.g., milk, urine or blood, containing the transgenic multivalent binding

30  polypeptide.

Preferably, the milk contains high levels of the transgenic multivalent binding protein,
€.g., atleast 0.1, 1, 5, 10 mg/ml.



first transgenic nultival ent.binding pol ypeptide. 25 In p red
enbodi nent, the conposition froma bi ol ogi cal systen1ca4?%eﬁgﬁgﬁ@§uct

obtained froma transgenic animal, e.g., a transgenic nmanmal . For exanpl e,
the product can be a fluid, e.g., mlk, urine or blood. In a preferred
enbodi nent, the conposition fromthe biological systemis contacted with
sanple, e.g., a fluid, e.g., mlk, urine or blood, containing the .
transgenic nmultival ent binding 30 polypeptide. Preferably, the mlk
contains high levels of the transgenic nultivalent binding protein, e.g.,
at least 0. 1, 1,.5 1 [ . 7 MAR 2004 In a preferred enbodi nent,
both the target pdly r%% %%Ebaﬂlae‘t"??g‘imﬂ%fﬁ?mlwu%ﬂﬁbmulnwwg de are
expressed tr gobgemide areleyprésst ranspdnicall e siilkS i tarpQ byPRBtde 483 BOFukitfent

mul tival ent apLide expressed by separate animals or by the
same ani nal . F{%ﬁJpg%other Sfpg%see?r%%%cpg%tﬁﬁ%ﬁ? %”ﬁ%ﬂ“ﬁ?@e‘f‘%‘l’?ﬁ@{%’%e and
the first andmbedimeet. theiardeiralypeptidymt tho dipt irdasond Multitalear®ieeptaalaky expressed

inmlk. Al e e be, expressed by different aninals
or two or 'rmrngilscgtgﬁ%blg g‘?%)%ﬁg?gﬁmgyﬁt ﬁgﬂséeﬁrrgp ?ﬁfleﬁé’f&eﬁ‘%ﬁ%‘ffﬂ%‘f TP ng
net hod r ef er $F % THALECR PrRodicediivtthesethesmimtdi ndi ng pol ypeptide to the
matri x and then tg the target, the opposite order is equally appropriate
for all enbodi menf¥2oughmF (llawng methodysisissq contegting i mpliivalend hinfingpalynestida to
mul tiple ani nied mivhensgenichsyemt Wpbsh ofBs cRBIyUSHpre f@eswcﬁ.l%édn%mi or
obtain, e.g., purify, a target polypeptide, e.g., a target pol ypeptide
whi ch includes a bindable epitope. The systemincludes a first transgenic
.animal, e.g., transgenic manmal, which expresses a transgenic nultival ent
bi ndi ng p®l ypept i Baneipfr amwestiibd invtatondeahirgsetmultiptecining] mansgebiy syshiobhidli aasls t he
15 target pohbypeptd dfresstndonobRinNds ' | Lope, of the target
pol ypeptide, and.a secqnd bi nd%n’négjé’rrﬁg?g’f%%&ghﬁﬁ]ﬁﬁ%gg’agﬁﬁcwowgferabl Y,
the first tré{%g’gfgm" esﬁﬁi“?‘?ﬁ?h?k‘ﬂ?"esses the nmultival ent binding pol ypeptide
into a product, eTig.system ihklitiesla fir€s tBnsgedld drfmal R 0 Wnsgbtfid MSnmdi wiflch, & E;sFJ § ed
enbodi nent , EQD% erlrllilcl tivalent bi ndlyg{gﬁ% ol (gleptl de 1S present at l_jhl h Tevels
in mlk of tRSFIPI AR EHIE O wihich ipchudes firptdipnding mejetyyyhichdards g, 1, 1,
5, 10 nyg/#%l . BBt palypeptide.efem binddthebibdablic eEivipe oﬂdsamfg&rpsyfapﬁ@aam%&nani ml is a
transgeni ¢ NBIBAL moief Wt Bh e, t S i ¢ manmal expresses a
transgenic multi %gflg_ t“ﬁl]l;)c:ﬂrllD | n%mzbo ';Pﬁ%f%ali['lﬁ’gfﬁn‘h“M?’g%”ﬂ?B’} BEEEIF B ranner ,
e.g., the trBHsyeemtbindipgpaiyreriidp micsapesiuttheg.nadhtid, val, edik, Hoddirg In a

preferred embodiment, the muitivalent binding polypeptide is present at high levels in milk of the

first transgenic animal, e.g., at levels of at least 0.1, 1, 5, 10 mg/ml.

20 In a preferred embodiment, the first transgenic animal is a transgenic mammal.

Preferably, the ransgenic mammal expresses a transgenic multivalent binding polypeptide in a
tissue-specific manner, e.g., the transgenic mammal expresses the multivalent binding
polypeptide in a fluid, e.g., milk, urine or blood. In a preferred embodiment, the mammal
expresses the transgenic multivalent polypeptide in milk and the DNA sequence encoding the
25  multivalent binding polypeptide is under control of a promoter which directs expression in
mammary epithelial cells, e.g., a casein, a lactoglobulin, a lactalbumin or a whey acid protein
(WAP) promoter.
The system further includes a second transgenic animal, e.g., transgenic mammal, which
expresses a target polypeptide, e.g., a target polypeptide which includes a bindable epitope.
30  Preferably, the second transgenic animal expresses the target polypeptide into a sample, e.g., a
fluid, e.g., milk, blood, urine. In a preferred embodiment, the target polypeptide is present at '
high levels in milk of the second animal, ¢.g., at levels of at least 0.1, 1, 5, 10 mg/ml.
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pol ypeptide in a fluid, e.g., mlk, urine or blood. In g E& ferred

enbodi nent, the mammal expresses the transgenic nulti@ | ent ﬂﬂﬁypeptide in
m |k and the DNA sequence encoding the 25 nultival ent bindi ng pol ypepti de
is under control of a pronoter which directs expression in nmanmary
epithelial cells, e.g., a casein, a lactoglobulin, a lactalbumn or a whey
acid protein (WAP) pronoter. The system further includes a second
transgenic aninmal, e.g., transgenic mammal, which expresses a target

pol ypeptide, e.g_, a target polypeptide which includes a bindabl e epitope.
30 Preferably, the second transgenic ani mal expresses the target

b ef or Fed- embod raAPTg wpsidi B pormd sl sedhmeeene i | ovel s | n
m | k of the Seeterrbdy, theisamhd rapsggnic maﬂnnhl&mésSes@ftar@i pdi@agiide B akissub.spRific10 rrg/ m .
8 0 8 MAR 20 o transgenic_animal is a
t ransgenic ngﬂ%’rn}m%p . %Eié:g{ grai g’hg%%e(s)ﬁl %“é%z‘aa?ﬁ% 2R 88R%s a
target pol yp&€ptieese Ip pre eﬂFW@M#mmﬂaﬂmm thetBQ.Ctpd}inJtﬁié RNSIKERE C

manmmal  expr eaRENA Budneé Ql%dn@%e)fﬂ'gﬂhblg%ﬁda xxf\mtlérl%r%bl (% 2P {n{ wgfélé?{récge or

blood. In a preferred enbodi men expresses

pol ypept i de PTG Pk I APRRmst sRiheppisellsericerressinenlagotilohylin, h@cm&mgmtor pehgpept i de
i s under conw@bro&fn(wmgmb@f which directs expression in nanmary
epithelial cells, ?e ? bael n, a lactoglobulin, a lactalburnin or a whey
acid protein (WAPY2BFESE gpbodmsntathe system fyriber inciesiss mesrix to veish thaysseoadh f ur t her

i ncl udes a n’hlhdmg(mbmmﬂﬁﬂﬁlﬁmlnhﬂerﬁﬁlﬁd]ﬂgjpolwiﬂb&gbﬂﬁl ety of the nultival ent

bi ndi ng | ypept i ef.erred enmbodi nent, the bindable
epi t ope P‘g renova Iﬁ?g%?&e@an%og lﬁ’é’mbé’ﬁ%'&‘i?gﬁé RIPE B oVl e gethe E‘ﬁ%@d’?“@cg ,
cleaved, fr omntbhmoenrhpaddcavgf froth éheranagetr g te yp@phdlyeptidk.Nind gdreear r ed
enbodi nent, Erﬁ@odgﬁeﬂgﬂmbﬁdm rﬁ%ﬂfgﬁ c&% rgf?ov m)avc:% grg moxa’vﬁj&% % ?%g?;% di ng

Preferably, the catalytic é con
pol ypept i de, maiely 1s pag o a ssgond mpitiyp @émd@awlypepmeoﬂgwe:dcommmam bi ndi ng

pol ypept i de. prbdhc@dlﬂﬁlﬁfrﬁd’nﬂﬁﬁhn%rﬁé LR tn 2 bR S f 21R) ndi ng
pol ypept| de, , ﬁ t he. seco t ransgeni ia:al 'y &ﬁ%ﬂgleac'j}" i e?‘lln\?a utlaurﬁaleﬁl ndi ng

pol ypept i Be, P olpERtids, eg, tsece%ﬁwiueaﬂuw&md Eﬁﬂ'vﬁﬂ%@emmmdwg moi ety
whi ch speci fmdaiabyﬁﬁtfﬂynﬁdﬁlﬂ:ﬂdn&asecenﬂsmdn%xﬁ@étﬂvﬁxc anfbﬂasfafzﬁé t than

the matrix specifical d by the second_ bjnding noiety of the Tirst
transgeni c n%)ﬁu va en%'%%l ﬁ#‘;’ﬁﬁt%ﬂ JeAFS spectfiopily rFEF%?Eﬂ“tilbWﬁmémf”em ndi ng
pol ypepti de Qfam:fbsﬂpmsadummdn\ta;enfhmhxglpolypd@mesameﬁcén’aﬁﬁm@aleﬁtlﬁﬂhﬁm whi ch
expresses th]ﬁ)l)fpl‘:ﬁdﬁg cnbe ldlgc'ea’ ee?tﬂ %RI ndl ,mrgtl wgmh e:gppc%sets {‘hg%%genl ¢

ani mal whi ch ces t e tar peﬁt
20 muluvalcnt binding polypeptide; ﬂle u'ansgemc amma] whxch produces the target polypeptide; or

a transgenic animal other than the animal which produces the first multivalent binding
polypeptide or the target polypeptide.
Although the following system refers to contacting a multivalent binding polypeptide to

= ¢

the matrix and then to the target, the opposite order is equally appropriate for all embodiments.

25
In another aspect, the invention provides a method for expressing and/or obtaining a

target polypeptide, e.g., a target polypeptide which includes a bindable epitope, from a product,

€.2., a fluid, e.g., milk, blood, urine. The method includes: obtaining a product, e.g., a fluid, e.g.,

milk, which includes a target polypeptide from a transgenic animal; and contacting the product,
30 eg.,afluid, e.g., milk, which includes the target polypeptide, with a transgenic multivalent

binding peptide, to form a reaction mixture. Preferably, the muitivalcnt binding polypeptide

inciudes a first binding moiety which can bind the target polypeptide and a second binding

moiety which can bind a preselected ligand, e.g., a matrix. Ina preferred embodiment, the
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a transgenic animal other than the animal which produc®§%th first

mul tival ent binding polypeptide or the target pol ypepti é% 20Mough t he
foll owi ng systemrefers to contacting a multival ent binding polypeptide to
the matrix and then to the target, the opposite order is equally
appropriate for all enbodinments. 25 In another aspect, the invention

provi des a nethod for expressing and/or obtaining a target polypeptide, -
e.g., a target polypeptide which includes a bindable epitope, froma
product, e.g., a fluid, e.g., mlk, blood, urine. The nethod includes:

obt ai ni ng a pmeEedturth® i@ludes@naidditdh . 1] ich inc]ludes a target
pol ypeptide froma. rg\gﬁsdg:ﬁ?ﬂ G ani n%?cﬁggﬁogéh%@?o\frf’%eq %“ﬁﬁ%’dﬁ‘ﬁ?‘fﬂl% e.g.,
a fluid, e.g.POYREPYES S 1ok thr Hist tiprbng maiety efshegmtitivalohtbpding palgpeptidetbindio the

transgeni ¢ nulatgemahgatide Rig) dibRgbREPIbHE EF .F e i xtur.e.
Preferably, the Ié}l&l\@l en[ bi ndi ng t;g)cg)l y_%éegrtg%t (Ea)%%ﬁé:e[ %gie%rg)%"ﬁeﬁntsbf’&w%i ng
noi ety whi ch CalBP H&C ey e s et g with p thatix Sedveidhdicrail higdingroi et y
whi ch can bi nuoiatypirgls @hddloeihg tiegasdad bifitk moidy STt dutfaval :
enbodi nent, the. 9 0 HMAI%ZOM t o1 fl_%rr?oﬁezs; i_rfcl utavglg&r?gr:dﬁl%gﬂﬁﬁqg%ttﬁe

13 ot el e B 0 A

mxture of the target polypep CTHRFRTFMOY H@tre Ebouprhtoppensnis ¢éthe uc h

that the firsmixbindiduglerivelprgmosfog e chitihd, iy &k@NioLpbmid omn BRIWAGR! | de bi nds
to the target po ko -, bi.ndabl.e epi tope of the target

pol ypeptide. In a%f%?e#_rr ed bg‘%%‘g?)‘%iﬁ@%‘ﬁ‘f‘?ﬁ%@&‘ﬂ?ﬁ?ﬂ%@?% Heressedh B thromidk
contacting t Hawessgenieanial hina prederreil xmbpodinvhi, thi mistieale® syt piie ilixpgssai DI et y

bi nds, anebh alhowinngr th8ms §aR0: DL -Ndj moi ety .of the nmultjval ent binding
pol ypeptide to. bind to the ér.rkg{tc?%uggi "Q‘lﬁceh eﬁ’%rfsﬁ%ééhcc%rﬁ“?ﬂmeﬁ% F K& JRrEssfemovi ng

any unbound cBHEGHE RS & difFrentiyanseenioanimab , Inanufesed euttodinentythe emBatnkg, €. g.

el uting, the datgRht fedingRPeRbdpde: it pROL DG . preferred
enbodi nent , tapl%asrtvmti }éalloent bi ndi %g Dol y%@ﬁﬁsﬂég?né L&é&nxg}egggné’de'ighmtlﬂ'élsﬁfl k
of a transgeni ¢ ani P o preferred enbodi nent, the multival ent

pol ypepti de is expiiesgede ioflowidpmbhed wielso &_ina&t_mgawmalarﬁ@mﬂggslg%gﬁde!{?a[( f
rn m or a

whi ch expr.es t.. pol tide or, it IS expressed
di ffer enlto {st r?%zaﬁ?h%e?ﬁﬁq&mﬁ#pﬁgwg?té PHEs W@?’cﬁl’g‘é?ﬁa,‘e forrdl embadimguni ¢

mul tival ent binding pol ypeptide is present at high levels in mlk fromthe

animal, e.g., at |L,eN&hes B I t. 01,1 5. 10 ng/m . Al though the
fol | owi ng met hod refer sas?octct%nut“gcg | r%a%artesrzr‘utﬁa?slg%‘f @H?aqgisﬁﬁﬁ“ﬁﬁj BERSEPt i de to

15 the mat ri FUNEPRIRHE -t RInHhbiieay Rybpertiih e so p RSt fodypetide whick inegamlal Y
appropri at e biadabd dpitéFDORH FREA Ficluldd amgé}%mﬂxﬁ?‘flﬁ&h ertﬁhe Louention features
SS or o

a transgepi c..ani mal s%r%stein used 1o expréss " and tarn, ergrBurify, a
target pdlyp8ptyEensgsnyy muliyalent binding pelynepidst Praferabhyi bhmikiilend bindiag
polypeptide includes a first binding moiety which specifically binds the target polypeptide, e.g.,
~ binds a bindable epitope of a target polypeptide, and a second binding moiety which binds a
matrix. Inaddition, the transgenic animal expresses in its mammary tissue a target polypeptide,
e.g., a target polypeptide which includes a bindable epitope.
25 In 2 preferred embodiment, the mammal expresses the transgenic multivalent polypeptide
m milk and the DNA sequence encoding the multivalent binding polypeptide is under control of
a promoter which directs expression in mammary epithelial cells, ¢.g., 2 casein, a lactoglobulin, a
lactalbumin or a whey acid protemn (WAP) promoter. In a preferred embodiment, the mammal
expresses the target polypeptide in milk and the DNA sequence encoding the target polypeptide
30 is under the control of a2 promoter which directs expression in mammary epithelial cells, e.g., a
casein, a lactoglobulin, a lactalbumin or a whey acid protein (WAP) promoter.
In a preferred embodiment, the muitivalent bmding polypeptide is present at high levels

m milk of the transgenic animal, e.g., atJevels of at least 0.1, 1, 5, 10 mg/ml. In another
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bi ndabl e epi tope. The systemincludes a transgenic ani nﬁg whi.ch expr esses
inits mamary 20 tissue a transgenic mnul tival ent bi ndi Hly tide.
Preferably, the multivalent binding polypeptide includes a first binding

noi ety which specifically binds the target polypeptide, e.g., binds a

bi ndabl e epitope of a target polypeptide, and a second bindi ng noi ety which
binds a matrix. In addition, the transgenic aninmal expresses in its
manmary tissue a target polypeptide, e.g., a target pol ypeptide which

i ncl udes a bindable epitope. 25 In a preferred enbodi nent, the mamral
expresses the transgenic nultival ent polypeptide in mlk and the DNA

sequence en R4 tiva Ient bi ol ypeptide is under control of
a pronoter \jﬁ%ﬁ& [ rg’cé%h’eé resd igﬁepQ% ’fw&ﬁ%ﬁr‘ijl‘P@’dF‘f"ﬁé‘W‘%O dEspEe e g, a
casein, a | é@@@ﬂ}ﬂ@@n@ahegaﬂ ldveleofakbm h 105, 16 mgheyPréfeiably Yot rﬂulﬁ\\%ﬁ)

pronoter. | gk fad 2, resse the tar

pol ypepti de |ln m kﬁ}gé]d ﬁ% se%ﬁué%%gprgn'%ﬁb}ﬂfe g %’af?é’é“t‘ s o1t pt| de 30
i s under thdeelmfpgrastt.d. hidmemdr which directs expre55| on in manmmary
epitheliad cell SInﬁp@fcne@embgﬁﬁﬁln%eﬁst%r@ﬁxm‘g%%g Hha o EEEROUTD OF @ whey

acid protein.(WAP) prompter. In a preferre Jitnent . Al T1%val ent

bi ndi ng pol )}’b‘@iﬂ)‘igilﬁ‘é‘etyépeﬁ‘ﬁ@aéléh‘f‘dsat high levels in mlk of the transgenic
ani mal , e.g., atmzep&efeﬁmnba& b @R bifathe ephtopedf th 10 0 6
hAl i 2004 prefe dé) £ E f:)dl msrfg Ifit hextgr geepgmpol ylgﬁmﬁc??p uldplsg%gotr‘f th hi gh
level s in ni%ti "[’c}‘i‘ © SHIPR® Cap POTTRIGEH TB-dlsR Yeas O@hgmala'#efp wrgetof at | east

0.1, 1, 5, belyngftﬂt InRipefeieahbodiniad the biidab f&dpyadn%@¥emobédrb§1laregalpﬁ>é ypeptide
and the } g‘?otl k’ﬁ &rl at'_ﬁ@mesg.nt .at h&ﬁg gve . each are present
at |leve eas CBOCY ¢ R PH s W]"éfalﬁ?B’PQW BRSPS of-Bvent
the system ﬁ&?@némmi%ﬁmodacmuﬂﬁvxlembxnmng pﬁyﬁebﬁeswwleﬁ%dﬁgeﬁm ety
speci fical | yheesidls muiﬂ@al&tﬁﬁ%?ﬁcﬁfp@pﬁ@%‘jkfﬁ%% %ar}l% t=mcaq]d )| 85"@88’8#?()@(3 of the

target poly eptl e is removab e
renmoved, e.§m mélpe'ae'é’aeW‘B?ﬁwﬁ@t?ﬂ@ﬂmpﬁwmaﬁatsw@nctmdg@mmmwpxept|de In a

preferred e@mmcﬂwﬁmdshhﬁmﬁldyabﬁaﬁuﬁﬂhéhqp&ﬁ&@ﬂﬂﬂﬂﬁé Sehciiai v5@LALYtic 9

0 noi ety, Preferagg%a t he. cagl tic noiety I's part of a secon rru trval ent
bi ndi ng” Bol VIF&RtoRH inding goiety ofthe gF‘F’%lﬁ%’@éﬂ%@M%RﬂmmPéedmmt@nwal ent

bi ndi ng pol wmybkﬂémdmpalyﬁﬁpﬁceﬁﬂ&dey@fébﬁdbm%me dah@eriemanwiiidh t i val ent

bi ndi ng pol £C0 ns enlcally produced nul tival ent
bi ndi ng pol 3% S%éd %ﬁrgt"% ]eﬁ%l ﬁ’l“??‘g ‘ifgﬁBﬂﬁieﬁ“d&rF&PT&S%‘é&ond bi ndi ng

moi ety whi chansgedd mbﬂlsrﬂbnMMgmmhml wﬁmgcxpreasemé FiskenWWiathe bigdigll f f er ent

than the magg; §&e£,%; Lkoys d by 15 the second binding noiety of the
first transg&esr,\?%g mul t i &?th y%? |ng pol ypeptide. The second

Although the following system refers to contacting a multivalent binding polypeptide to

ﬂ?

the matrix and then to the target, the opposite order is equally approprate for all embodiments.

In another aspect, the invention features a method for expressing and/or obtaining, e.g.,

purifying, a target polypeptide, e.g., a target polypeptide which includes a bindable epitope. The

25  method includes: obtaiming milk from a transgenic animal which inchudes a mixture of a

' transgenic multivalent binding polypeptide and a target polypeptide, e.g., a target polypeptide

which includes a bindable epitope. Preferably, the muitivalent binding polypeptide includes a
first binding moiety which can bind the target polypeptide, e.g., 2 bindable epitope on the target
polypeptide, and a second binding moiety which can bind a matrix. The method can further

30 include: allowing the first binding moiety of the multivalent binding polypeptide to bind to the
target polypeptide, e.g., a bindable epitope of the target polypepﬁde. In a preferred embodiment,
the method can further include: contacting such mixture with a matrix to which the second

binding moiety specifically binds, and allowing the second binding moiety of the muitivalent

11



mul tival ent binding pol ypeptide can be: expressed by thgas &r ansgeni c
ani mal which expressed the first nultival ent binding polyp t Celé and/ or
target polypeptide: expressed a transgenic aninmal other than the

transgeni c ani mal which expresses the first nultival ent binding

pol ypepti de and/or target polypeptide. 20 Although the follow ng system
refers to contacting a nmultival ent binding pol ypeptide to the matrix and
then to the target, the opposite order is equally appropriate for all -
enbodi ments. I n another aspect, the invention features a nmethod for
expressing and/or obtaining, e.g., purifying, a target polypeptide, e.g.,
a target pol ypRRL LSRR i S i o] i tope. The 25 method

i ncl udes: obt ai E%r?g&lm_l k@r%ﬁ???%ér@%@h%éﬁ na en\}\’h%%dﬂcﬂioﬂﬁﬂfﬂ’é@ra m xt ure
of a transgefCIRIFReYRE 2B EnbBRdPIBONSTS ofjshemtixtdre, aad ceititebrigmbviRot ypept i de,
e.g_, a targetuupglierepd béligrepiddineh theWaikidfleS @ bi ndabl e epitope. Preferably,
the multival ent bj ndi ol ypeptide includes a first binding noiety which
can bind the tar gf&a Pb%%?ﬁé’ﬁ%d&é@t & gultivalers bindiagpalypepridt pecsomarthiph Idvais get

pol ypept i de, womilk of thetenspenibinidil e Wiefdiyof Wkl . C a5 I g WBlddes- The

met hod can fgrregehggen%tgodlnrllecg de: allow _ng_the first bind n_g moiety of the

mul tival ent binding polyp g‘h RS ROUYPERTE ispErsenhat high Jvelein milklof peptniede, e.g., a
bi ndabl e epi tepeendfanitrd etearget:lspoiy@apti, 08, 10/Hhyal ey, 66k aRhashvaENt .  the
met hod can fgﬁ,gigghoﬂ,%gﬁdéqumggpt an%li ng such mxture with a matrix to which
the second bindfhg nbi ety Spect T earty BIenabat Mgl Vel eenrtsh semesaeaond

bi ndi ng noi eleyeloef af lsest fall s S 8Imerml. 11 0 8 MAR 2004 bi ndi ng peptide to bind
to the mpri x. | myidotdhad [ .the method . can further _include:
removi ng any unbo,und%orfcgglgfgﬁ}gs o# qtr%p%icﬁ%ﬁr eg,a'gﬂgvaée@f WP’?WWW ng,
e.g., el utithgmaiand Benyahe ssgey thasppetise frrieim eqimdly appxdpuisie for kil erbqaigdagr 1 ed
enbodi nent, the nultival ent binding polypeptide is present at high | evels

5in mlk of theTItqrans lenic. animal, e.g., at levels of at least 0.1, 1, 5,

10 mg/ m . 1 n anotK&F W%’F’éf’@r‘?&?déﬂ‘ﬁﬁé? By pdvapiges prgr greviopsd sxizEmd systems. s

present at hinghrtib@areths sys®msindkneiods 4eor&iadhe thelifvaRid GRldy x@&ﬂcﬂﬁxk nm? ah cosdt
both the multivarlent

| evel s ofy at d g ik 2. 10 m. Preferably, J
bi ndi ng pol y%@p@é‘ég%%ﬁ“’#ﬁ‘é’gt a"gf"é%’rfpéfﬁi“é%‘g‘fyé’b&?‘é th gedd sePptehiPERfy Ithey e S |
e.g., each afeniyligandpendapupld thenptos fodctiaalited afnitPmathx. 1, 5, 10 nmg/ni. 10
Al t hough the follow ng nethod refers to contacting a multival ent binding
pol ypeptide to the matrix and then to the target, the opposite order is
equal |y appr opr i er@utpgses gf the inygintieti, the fitllowing teeaehasy St eiemnings ekt feathhiogls provi de
many advant ag&ionMREs ditfeBMicRWSilcHiyGtlea! | SY.Sh eBu: rti.cul ar, the
systems gnd gethods accor di ﬁ%ct_é’ t he #ﬂ\%nﬁdﬁp%rbé%?l%gp%g%ﬂuésea " time and
cost 0 mmensional molecular shape which is specifically bound by a binding moiety. A “binding

moiety” is a polypeptide portion of a transgenic multivalent binding pelypeptide which

specifically binds an epitope.

A “polypeptide”, “protein” and “peptide” are used interchangeably herein. The
polypeptide may be glycosylated or unglycosylated. Such polypeptides may include from about
25  three, four, five, six or more amino acids, and may further include secondary, tertiary or
quaternary structures, as well as intermolecular associations with other peptides or other non-
peptide molecules. Such intermolecular associations may be through, without limitation,
covalent bonding (e.g., through disulfide linkages), or through chelation, electrostatic
interactions, hydrophebic interactions, hydrogen bonding, ion-dipole interactions, dipole-dipole
30 interactions, or any combination of the above. A “polypeptide portion” comprises from about 3

to about 100 contignous and/or noncontiguous amino acids, and can be glycosylated or
unglycosylated.




15 of purifying such biological nolecules because they oagighﬁ %@ﬁ need to
separately purify the affinity |ligands and couple them u ionalized
affinity matri x. For purposes of the invention, the follow ng terns have

t he meanings set forth in this section, unless otherw se explicitly
stated. An "epitope", or a "bindable epitope” is a three 20 di nensi onal

nol ecul ar shape which is specifically bound by a binding noiety. A "binding
notety” is a polypeptide portion of a transgenic nultival ent binding

pol ypeptide which specifically binds an epitope. A "pol ypeptide",
"protein” and "peptide" are used interchangeably herein. The polypeptide

may be gl ycosyl aAéphpude—unginmgeﬁmbeaﬁﬂmzﬁ#&&n@ﬁ&eﬁ@ﬂ%:ﬂﬁ&m include from
about 25 th five, .SiXx Or. nore aci ds .and nay further

i ncl ude secon %gﬁog/o,gwt%[e‘%etteimé?aﬁﬁ Bp™ tarR 9K Tdee ? cebolipddrte- 5
i nt er nol eculentaigigs epiiopd”iTAMSPHDE forptifee ot ipeih paes aﬁ)fm:ﬁih)bleg;cdil @dtermpft | de

nol ecul es. t4.0ns be. t hfough, w thout
limtation, %‘%glt(}vda{%ent bongh!’h{a}ﬁa(r’ﬁlagc?lfé 8 llplé]'c?? dﬁ%&ﬂp’f‘% TRRERFSQTPTISSE

t hr ough éhelablﬁﬂsblﬁpa%%@t%mmcei detpmmemefmw ail}mdpdﬁ!ﬁdrobpindbau@ iamt er act i ons,
hydr ogen bongimigelokies dgkﬂﬁ}laﬁt“ isqtﬂﬁéeaiﬁlglén%@f?al 1l 30\91“&1 1%91'1!;% tg’ Bc !)vnet zlr gLions,
or any conbi nation_ of the above ht? tion “rom
about ~ 3t o disatienal BPrei A srfaRsuS and/or noncontl guous ani no aC| ds, and can
be gl ycosyl at ed m"xmmmlms&leaﬁlﬁﬁl:ﬁ&@aﬁn&ad\é%ﬁr%%é iSan :&%B%é’ﬁica O”t a' ”' ng

epi tope" is .an epito | east i n part of an

i sed at
det er mi nant ¢ BHHEEH" g’ﬁi ﬁ&%rﬂlmna‘&é%fs caniplidiby all OWaﬂ@éﬁlway@mt e-

cont ai niwg epi/dralphi-carsonand efrithed botiPeRide 5&1ds Ald/or BABD aldibr BAbdxy MmAlof
i mmunol ogi c%L detaecrl nant froma carbohydrate portion of a inolecule. A
"lipid-contalning epl fope" is an epitope conprised 5 at least in part of an
i mmunol ogi cal det &raprggaintnufivaen bindingothpiad™ ionirakgeRiciypasauded polfPeptide
"i mmunol ogi Gy [ mhlch contri butes
to the overa gl%lﬁlgées[p f’éi??r%%% I%mgtywcﬁgm& orﬁg“ 54 a“’?“"’g hm"lf?’i’\]ﬁﬁ’l?ff”Bgl cal
det er ni nant ifarkiglesags! %l’ﬁ‘ieﬁc?nﬁeﬁf@oﬂdémdd@eibletysvm timswnoetisgi cal  determinant in
whi ch i tig three- Ad‘rtéfgétsrlo%ﬁé iSRRR1dS. %Qﬁ & qbdt;éhﬁfiﬁé%y AE&%%RFM%EL of the

[ or bo

side-chain t 9 and/ or ha- carbon and/or e er pepti d& Honds
and/ or ami nBPRERTEIYS S EsEI R Eb oW gRRAve dscripgien efifherfysteres atd medpdsusher mrget

"t ransgeni Cmahémds‘dadcﬂlibﬁhhbladhng ugyalwﬁg@fﬂ,gg,;;bddgmﬁtst ransgeni cal ly produced
pol ypepti de V\/m CJ%?I nel des A. flé bi nd noi ety which binds a bindabl e

epi tope of a tarye olclgﬁx)cla eserfﬁ:rg BF €5 i vitro ce l or nssue extracts, enkaryotic or prokaryotic
cell cultures, tissue cultures, organ cultures, living plants and animals, and extracts of living

20  plants or animals.

A “matrix” is a material which can be phase separated from a biological system.

“Specifically binds” méans forming a covalent or non-covalent association with an
affinity of at least 10° M'], more preferably 10°M™, most preferably at least 10° M , under
process binding conditions, e.g., pH 4-9 and ionic strength 50mM to 1 M, which conditions

25  specifically include the conditions present in milk.

A “removable epitope™ is an epitope which can be physically separated from a molecule,
preferably by chemical or enzymatic cleavage.

“High levels™ of expression means at least about 0.1 mg/ml, preferably at least about 0.5
mg/ml, and most preferably at least about 1 mg/ml.

30 “Selectively eluting” refers to dissociating the target molecule from the transgenic

multivalent binding polypeptide, preferably, without dissociating the transgenic multivalent
binding polypeptide from the matrix.
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in a biological system and a second binding noiety mhic@gbhggs a matriXx.
15 A "target nolecule” is any nolecule which is to be purif .EMMthough
the term"target polypeptide” is used throughout the above description of
the systens and net hods, other target nolecul es described herein can be
used in any of the enbodi nents. A "biological systeni, includes in vitro
cell or tissue extracts, eukaryotic or prokaryotic cell cultures, tissue
cultures, organ cultures, living plants and aninmals, and extracts of |iving
20 plants or animals. A "matrix"™ is a material which can be phase separated

froma b: ol ogi calAsayat iersin, 2 "apgehit hrﬁ,amlyamﬂqs,s,;gn @@lsmg,n%, \L}QEHGn@gTﬁoﬁ,%{@' ent or
non- coval ent sociatio i th,an inity of at |least 104 M|, nore

pref erably 1’6%%[3%5’ eﬁ%gtfaﬂﬁ\?méP g%%%ﬁ%g;é{e ﬁ“@?i?"“’f@g hgrerelogons BuRlsic age ocess

bi ndi ng condintrpdmed byeyay.of ypkdn 4@ ventich, sueh bsbySiafisger@ trchhiQiedYkhdwvnlin Me ahi ch
condi ti ons |  ncl. t condi ti.on resent .in mlk. A
"renovabl e e%llét%ggggh{dsa ﬁg%]ing%dlu% gﬁgggﬁf%ﬁdlﬁﬁ %é“%?@% F%‘&F?‘{}Cgoé'd%f? Ated froma
mol ecul e, 5 prredugonefithe sy, by Wappfdelibante gnetie pabipdatohsastoy by midibigjbcibeyalys”  of
expressi on NBaRSordtin HEShbARAYEO- 1 no/ m, preferably at |east about 0.5
ng/ M, and nost preferably at least about | ng/m. 30 "Selectively eluting"
refers to di ssociMdmmmgs &diefibalitgRin 258l S6HIE edcfu@ity hitgant, WARRGSRIfammiy t 1 val ent

bi ndi ng pol y@igﬁgg,gfpmﬁgggﬂ{ab! y, W thout dissociating the transgenic
hul tival ent = bi nmsﬂ&dn@}eiﬁpﬁ'}%i}%hﬂaﬁ‘qgc}sh@@a Mﬂ‘rbaﬁbin%%hgal.\?\bnl\llﬁger%&o~ As used
In I'C

herein, a "transgenic aninmal™ Jis a non-human ani e one or nore,
and pr ef'®r -FHiegimsais. g qaty prjmajjproducslarggwolumes pignilkfand hreve long lrethtinggueticlisn a
het er ol ogouse. puvebegoasi d i ntroduced by way of human intervention, such as
by transgenic te%hniegtf!les, ktgown in the aft. The transgene can be introduced
into the cell, div&EEIVBrs K PERY FSfemp P oither # $bele Plpvir? Rlawt Brraa Blapedb oy sor  of

the cell, by sieup ocfplagkaklish Fhadlss gRyletsivehidiaa Ritksdlth B8 mehbe b (RSiniWhtion is

m croinjecti i nf.ect Lt h,a recombi nant,. virus. Manmal re

defi ned heré ﬁcrgf agﬁoa%%it%é%agéf&ehlgchfr@éﬁnﬁgarnﬁﬁ ﬁos@WHmnt&%qH‘ﬁrﬁié?‘@’g gl ands
and prodtkce hethRenagotyledogous endedigptylegioniattaplants. dninchedet plaes effasvatiay 6f itk

pr oduci ng angqmlmclhdh%ggi@gb dq‘ngﬁqig%_nents, the dairy ani mal produce
| arge volumes of milk and have |long l'actating periods, e.g., cows or
goats. The term “purified” target polypeptide, as used herein, refers to a polypeptide that is

substantially free of cellular material when produced by a cell which expresses the target

polypeptide. The language "substantially free of cellular material” includes preparations of target
20 polypeptide in which the polypeptide is separated from cellular components of the cells in which
itis produced. In one embodiment, the language “substantially free of cellular material” includes
preparations of target polypeptide having less than about 30% (by dry weight) of non-target
polypeptide (also referred to herein as a “protein impurity” or “contaminating protein”), more
preferably less than about 20% of non- target polypeptide, still more preferably less than about
25 10% of non- target polypeptide, and most preferably less than about 5% non- target polypeptide.

Other features and advantages of the invention will be apparent from the following
detailed description, and from the claims.

30 Brief Description of the Drawings

~ Figure ] depicts an embodiment where the target molecule and the multivalent binding

polypeptide are from separate sources.
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As used herein, the term"plant"” refers to either a whob; gj*a;)nt, a pl ant
part, a plant cell, or a group of plant cells. The cla A“pl?ﬁ]?&ts whi ch
can be used in the nethod of the. invention is generally as broad as the
cl ass of higher plants anenable to transformation techni ques, including 15
bot h nonocot yl edonous and di cotyl edonous plants. It includes plants of a
variety of ploidy |Ilevels, including polyploid, diploid and haploid. The
term"purified" target polypeptide, as used herein, refers to a pol ypeptide
that is substantially free of cellular material when produced by a cell

whi ch expresses the target polypeptide. The Language "substantially free
of cellular - D Akpictt SHodntd arations of target 20 pol ypeptide in

whi ch the polr%%ggf?? e'CLiL's seg(grrigﬁ%gp %5%%&?‘?%"5?“%‘%?7%%@“%‘@?’1% cells in
which it is PidreRrob@ePtidpars flem éeisonti svent., t he | anguage "substantially free
of cellular material" includes preparations of target pol ypeptide having

| ess than about 30% (by dry weight) of non-target polypeptide (also
referred to éﬂ‘r"@f’ﬁd%cnga”ﬁﬂ%?ﬁ‘@?qﬁWhmﬂmpyﬂblecpimbmfnhmgﬂato'leage RrM@EdDy) |
nore prefer abbylytiessielyhan sabR W% ‘T,ﬂegd RoLypepti de, still nore
preferably |ess than abqiujt 5 10% of (r?{cr;g@g?cg g tég%cgglé%%léé,mgﬁd%st
preferabl y | e§ETHER" Ao S hrrond mplfeienprolyperside thefethe @gbignoldcelatfit es and
advant ages ofmitvelenrbigigipolypeptidld. be apparent fromthe followi ng detailed
description, and fromthe clains. 30 Brief Description of the Draw ngs
Figure | depicts an enbodi nent where the target nol ecul e and the

mul tival ent binding polypepti Qesdsidesdprosgpaiiaterisnour ces. 14 0 8 MAR 2004
Figure 2 gepicts e e the target nolecule and the transgenic
nul tival ent _Dbi nd?}%g pol y rg%%ﬁ%iéep@%nég?}cgﬁgrfsﬁlﬂ WY pRriapRn oL polpmegidesfram depi ct s
an embodi nentiojgsrlsyaenre R&Ymr@ulem the revexiion feamret B4rgQiniciPHBE Ybr@xhrSssiof MOV Ed

by 5 a cat abﬂdﬂﬁﬁ@k@b??’?eﬁdé%g%ﬁmgttlg'V%Lﬁgg%%nﬂgpé’agggwepti de which

al so bindsarlg.trlx. Adifferent matrix I's Bound by 't mul tival ent
pol ypept i de PHAKHOREEAPFER fest knowiedes qvpilsble tothpse iskiiddamtbe i, ol ighereby

pol ypepti de. rideparatedtly foRftd iptdtieddy. of the I nvention 10 The invention rel ates
to the tr@ansgeni c expression and purification of polypeptides from

bi ol ogi cal systens. Mre particularly, the invention features transgenic

systens for expr é@simentionpuvigessyddntand Qe RO ERERich eSS HRnbiRuEt hods
using such SYreleGlH bio%@ﬁal%&%ﬁ %heasggcms and methods according to the invention utilize the
presence of multivalent binding polypeptides, e.g., transgenically produced multivalent binding
polypeptides, as affinity media, to purify such target molecules. Preferably, the multivalent
20  binding polypeptides bind both the target molecule and a matrix, e.g., a phase separable matrix.
These systems and methods provide many advantages over previously existing systems. The
systems and methods according to the invention greatly reduce the time and cost of purifying
such target molecules because they obviate the need to separately purify the affinity ligand and
functionalize the affinity matrix. In certain embodiments, the biological molecule to be punified
25  isapolypeptide. In these embodiments, the invention provides systems and methods for both the
expression and purification of the target molecules, thereby further simplifying the production
- process and reducing its cost. Both the target polypeptide and the multivalent binding
polypeptide can be expressed transgenically, €.g., into animal milk, either in separate animals or
the same animal. Although the following methods and systems generally refer to contacting a

30 multivalent binding polypeptide to the matrix and then to the target, the opposite order is cqlfally
appropriate for all embodiments.




publications cited herein reflect know edge available to those skilled in
the art, and are hereby incorporated by reference in enUﬁr&Mﬁ.zmﬁ The

i nvention provides systens and nethods for the purification of target

nol ecul es present in biological systenms. The systens and net hods according
to the invention utilize the presence of nultival ent binding polypeptides,
e.g_, transgenically produced nultival ent binding polypeptides, as
affinity media, to purify such target nolecules. Preferably, the .

mul tival ent 20 bi ndi ng pol ypepti des bind both the target nol ecule and a
matrix, e.g., a phase separable matrix. These systens and net hods provide
many advant ages o%ﬁrgﬁreyiously exi sting systems. The systens and net hods
accordi ng to the ifTENETEHPYYidAeR IynspenipsEsient foepurifirasiomerc te@s nokEuipwhitf Vi Ng

such target nintledssk 8mdkRoRHSR. THAYsQPMh AlRiad {‘%nghgﬁgarkﬁ%;%%ggr ately purify
ifty na

the affinity |igand .and functionaljze the a rix. TRCEertéith
enbodi ments, THE DY SFEYi® FATEHA "eltHaisntbindizg pplyneptdee Fheasulinglent bypymidot | de. | n

these embodi rioelodss 2 Blvebindingnsitep Ak Bdsdo U PR BBIAN s (BLAYZNL B, DOt N the
expression5 an itQﬁéroiff ka(r:ae;ixyrrl, of, the target nolecules, fhereby ?ur ]her
sinplifying the Brodier: SHPeRidycadasecamg bipding epig vihich bipdrst matiot Breferhigly.t ar get
pol ypept i de ahelsystm furttiet inaladeenmartik RO heRRlodPRRlIEiGHBF BREmEHGSSed

t ransgeni cal l%di’f?dgl e‘;tﬂgo E}ﬁliam' ilk, either in separate animals or the
sanme ani mal . t udﬁ the fol "W§ met hods and systens generally refer to-
contacting a 3o niihe ¥apsderineniilnai mxgrepabeypaphicitoiding bigpapidelth X idRdptd@n to

the target, thengPReSidi&e LRl cins.aual | appropriate for all enbodi nents.
15 0 8 MAR 2004 The i nveﬁ?f{eoﬁi% fhssid éé“%ey%bﬁgﬁ%e‘ﬁmg SEIBTACF FIEOHRE NS | cat i on

of a targdt IEEEIIE WHFERTY pic istte-speaifib prochatst, e.g eyyirérae whith@irssst em can

i ncl ude a tr arpEedh ARhER) cpBifaltBX NHRSSES; in. mary tissue, a
transgenic myltiyal ent, bindin polcypepl_tﬁ{i%ge. cfﬁdﬁmcﬁwgp%hf%%%PVﬂgﬁfsi de

i ncl udes a fi'F&t “B°RB %83%%%?“'\;%%#&%%@5&5 VAR progetesyiblaytpggttindey €. g.
bi nds to a bilssthdlsmin.5 epi tope of a target pol ypeptide, and a second bi ndi ng

moi ety which bin I x. Preferably, ..the system further includes a
matrix to which t aégeégigfg%m SBW?WQ' HEFE eidsopuclepslerpdgoridgseqsroohydrmesi ng -

po: %/_pep]t i ‘éte ;ip%,;}gi:ﬁm ¢9ingm‘bihrf§tsars, dizgm éc:qﬁaﬁ:g;e&h&n&{iﬂan%_ tallPdcciiany ﬁ‘géﬂds%ﬁﬁht[l_e
mul tival ent BLRAiAgsPRIYR i ssue specific nner. Such tissue.
specific expfession can pg"%‘l‘a‘?’gﬁdﬁg’ﬁ erﬂ’ﬁ@f‘ﬂ Hﬁlfugee&ﬂg‘}lii‘é‘%mé’r‘f%% the 10
target pr ot eFRitoRFRkRid-eestining epitdpesant pemside canpiniriglepitopps; Awailiak epi®p@. a pronoter
whi ch di r ect Somm¥E 8%5doRBinhtbn FRALES | ' cells. M|k specific
pronoters can include: casein pr orn))tjhee(r%%hétthec\’l&‘ﬁ‘!:can%ean'mdogfmm’so an

exogenous moiecule.

20

The invention can also include a multiple animal transgenic system for expression and/or
purification of a target polypeptide, e.g., a target polypeptide having a bindable epitope. The
system can include a first transgenic animal which expresses, €.g., in mammary tissue, 2
transgenic multivalent binding polypeptide. The transgenic multivalent binding polypeptide can

25  include 2 first binding moiety which specifically binds the target polypeptide, e.g., a bindable
epitope of the target polypeptide, and a second binding moiety which specifically binds a matrix.
The system can further uiciude a second animal which expresses, e.g., in mammary tissue, a
target polypeptide having a bindable epitope. The system can further include a matrix to which
the second binding moiety specifically binds.

30 The second animal can be a transgenic animal which expresses a target polypeptide. For
example, the second animal can be a transgenic animal which expresses the target polypeptide in
a tissue specific manner, e.g,, it expresses the target polypeptide in its mammary tissue. The

bindable epitope of a target molecule can be a removable epitope. For example, the epitope can
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(e.g., a-casein, fi-casein, ic-casein or X-casein pr ormta
pronoters; P-lactoglobin; and |actal bum n. Target nolec IBei‘}rﬂtﬁa@Qggncl ude:
nucl ei ¢ aci ds, nucl eotides, nucl eosi des, carbohydrates, 15 |ipids,
hor nrones, growth factors, enzyme cofactors, other naturally occurring
| i gands, and pol ypeptides. Bindable epitopes of the target nolecule can
i ncl ude: carbohydrate-containing epitopes, |ipid-containing epitopes and
pepti de-contai ni ng epitopes, as well as epitopes conprising any
conbi nati on of these. The target nol ecul e can be an endogenous or an
exogenous nol ecul e. 20 The invention can also include a nultipl e ani mal
transgeni ¢ sy f /or fi.c targ
pol ypepti de, gé Igm,owab %)&MI ‘1%& (gqgl o Q@Yaﬁcn{b adfﬂgrl?aé?)qu ee%?t?)'“ﬁ%pndThe
system can i nema@waﬂymr Pedtml&twslg@mplmpeamm secwhd u‘hls@mbmkﬁﬂ&ubﬁadﬁg, in
manmmary tissu tidelc@DS O8R! 2 i V.

lypép Cﬁrﬂwtatl}n\éﬁlnﬁm ar}a a@gyogngnlp‘%né oéegy wl%el} %15%}1% di ng

transgenic multival ent bindi ng@pol ypept1 de can
moi ety whi ch SB&E T4y Hrgferphin ntaﬁéwrfgelbfbpmw@msm@dbxmugmaybﬁmlam e

epi t ope of st h&:c&r@l’t@ﬁigelﬂ@ﬁﬂﬂﬁﬂ!wnl ﬂﬁxng%@pﬁm@@ig @ilﬁgrexlﬂlﬂm 'tﬂ_ggnaGR ﬁéc%ﬁca bourai

specifically The system can furt

ani mal whi-ch g&‘ﬁ? %eggnéig[’?“d@gé"me ﬁrﬁ?’?g%c%ﬁ’é{alefabm@m gféqumdleyﬁhvptl de

havi ng a bi ndedolgic @piskin pea seéBh&mSMﬁdléﬁﬂbﬁcﬁﬁg Jo%&ﬂiﬁé cah BAATHE @reR1eTRLL !)ﬁhet 0 whi ch
the second bipd aﬁgg i ety b‘f é}ﬂ i_nds. The second anirmal can be a
transgenic aninal Wi Ch € %Pées“é"é% i gg?“’ﬁﬁ‘l‘% B £3talic dpmpin cambgrgane, t he
second ani nal armdﬁemvaytransgenl c animal which expresses the target

pol ypeptidg in a tissue specific manner, e.g., it expresses the target

pol ypeptide in its mammary tissue. The bi ndabl e epi tope of a target
mol ecul e can be a'f?l‘éwam@ne‘m%@weasmicamamisgemds&mﬁmb@&emﬁmﬂﬁ 08

VAR 2004 be rikdath b gl RibssCe A St b0l RSO L Wk SOL R 1O
pfoduce

pol ypepti de, l% g’ésé S ‘%g transgeni ca PiAVal
pol ypept i de. BhC Pt ASGRErEe anmal phish @Wtcsﬂ% i, PRgnanpeAny fiseyst § Ueisgeaie
include a fi rrﬁlilnﬁ&ﬁlﬂinydmg@o@ﬁémﬂd’hnagﬂ)r&s&Q;Cgoﬁdmghﬂg‘& BGudl R tae¥po

speci fical, nat.r i X. erabl the matrix speci |ca$|§ bound by
t he secon bi n%f“rn%‘g“#g?‘gf“ dm%P IWEU‘% atﬁf%wgﬂ%ﬁnewwhtcb Yafenkingsbldi ng

pol ypept i de iepitafiefof te emetnohmepnuhs:dmécbn«brs@%qhdxttyﬁhxbyblb&uﬁﬁkmxby the second
bi ndi ng noi ety of ' n I t| val ent bl nd| pepti de. The
urfidaleltn éﬁd%x% p%l?% (S;e mdI ch%o ’]1% 5%”?%?4 R lhe

catal ytic domain of a secon alyze
t he cl eavage & eriiffere tisgees Eorembpfée fargetpotyip@nﬂeemmhﬁg eqepdetcapee undar

exanmpl e, the sweadoftrdl bi £gef@MBkdhoteR Thd M Guifihient binding polypeptide encoding sequence can

20 beunder the control of a tissue specific promoter, or visa versa; the target polypeptide encoding

sequence can be under the control of a tissue specific promoter and the multivalent polypeptide
encoding sequence can be under the control of a tissue specific promoter for a different tissue-
type, e.g., the target polypeptide encoding sequence can be under the control of a urine specific
promoter and the multivalent binding polypeptide encoding sequence can be under the control of

25 amilk specific promoter; both the multivalent binding polypeptide encoding sequence and the
target polypeptide encoding sequence can be under the control of tissue specific promoters for
the same tissue type, e.g., the multivalent binding polypeptide encoding sequence can be under
contro] of a milk specific promoter and the target polypeptide encoding sequence can be under
the control of another or the same milk specific promoter.

30 Preferably, the multivalent binding polypeptide and the target polypeptide are expressed
in the milk of transgenic animal. The transgenic multivalent B_inding polypeptide is, preferably,
present at sufficient levels in the milk to bind at least 5%, 10%, 15%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 85%, 90%, 95%, 98%., 99% or all of the target molecule. For example, the
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am dase activity. 10 The invention can also feature a si b eMami

traisgenic systemfor expression and/or purification of a target

pol ypeptide, e.g., a target polypeptide which includes a bindabl e epitope.
The system includes: a transgenic ani mal which expresses, e.g., in nmanmary
tissue, a transgenic nultivalent binding polypeptide and expresses, e.g.,
in mammary tissue, a target polypeptide. 15 The multival ent bi ndi ng

pol ypeptide can include a first binding nmoiety which binds a bindable
epitope of the target polypeptide and a second binding noi ety which binds a
matri x. The nul tival ent bindi ng pol ypeptide and the target polypeptide can
be expr essed™f!ivagEbindingRolypeptige ¢ap é? mnttat Hguesls, &prat mrrm] 15, 10 h\@/,ﬁmng et

pol ypept i de fcadicnnSRANARES. GRS, e ol e
promoter and_the nul tival ent binding pol y%ﬂ%é’)ltbg% gﬁtpmm&yspe %3 §’égcan 20

be under the®\EEnt$oft B é sz@d&’@bﬁﬂkloémpmgemmmsa versa; the

target pol ypeptlfme@mﬁdammcseaumqmﬁe@wm&i@gé@éndtbk}ﬁl g%ie KolrgRf @ tissue
specific i val ent pol ypeptid encodi ng "sequence can be

under theé cd'r’ﬂ afentat?’"dé’lgt‘i°¥§7?85%ﬁ§§%ﬁcf‘]ilcb“ﬂﬁomt er for a different tissue-
type, e.g., the mlgﬁablpaﬂ“?pﬂmaﬁﬁ@tﬁ&%@c&%ﬁ%ﬁﬂ&@@@eﬁ@ﬂe ber ek, dhhe

control of ! A r.omot er dth tival ent binding
pol ypept i de%gq%ogi%n%ggrg%‘{)% e c B'gle'ﬁﬁ’g ﬁ@%ﬂF’PBPdW Poiypeptide; 4.4 2

specific pr Gmémmmﬂ)m@ummtﬂmalbremlympﬁw AGeddnd ypeghicdanraesdi ng
sequence an K pdpaed ITot o -Qdi.n nce.can be uynder the
control of '(ti'lﬁsdts}%gospem claggl%)%ignot etg%lfn mf“ﬂgndzaas?i% flﬁlgglﬂ%mf”&??fé” cg g., the
nul ti val ¥nt SBWCHHFW@P“;%FW@ES{ PTG@ﬁéhcfbﬁmngx secjfi@iy soupdiby e scamdetndingont r ol of

a1k SPeChicidy HUB/RLAD aalginldhiuB6AShoRELANENL Aoy ARG, segyence can

be under the rol qf another or the s |c pro
Pref erably, Srfar‘igio%lbﬂ’i‘ﬂg:lyél?ﬁse‘lﬁ’%ﬁ%@g ‘B‘B?‘ybfeﬁbﬁtﬁf&émeﬁwl"mentmgmduml ypept i de

are expr ess@dlypdptide IThe patdhitc dbmiih AMNSERAE SuBdHFBbindid: 13&-5&!3@ %Qh&ly%é v aI ent
s In

bi ndi ng pol ype referabl resent, at sutficient |eve

mik to bi ngﬁa‘{%%'?c%?étb%ﬁ eqlff"%%/%’e 9%2blsniiors Jory exsopie, ﬂiee%lm@wam%
85% 90%p Q%hamaw‘Mashwall of the target nol ecul e.. For exanple, the 17
0 8 AR 2004 nul t+ \é% I ti de can resent at high |evels,
e.g., at least O. %%Dﬁﬁl]g @ a‘s“@“ﬁ"l‘ﬁa"ﬂ‘fe PWbigltbreélﬁg‘Ij‘Ef‘ﬂ"&““&ﬁWrral In
addi tion, tH®u a?@‘@FPGﬁtﬂa?Wmdleﬂ}r asivanpalge:fuemhﬁappnspﬁ eBielnit isaiot dekigdd to | evel s,

e.g., at Ieﬁas,kﬂgt,gf t Dol ndlge:li@{n%b i f. he same t ransgeni c  ani mal
The - system a%ﬁt’ur ché?yﬁlcl ude a mo?’ lE n%t\ﬁ%m TR %%ﬁﬁ?’?‘f’de noi ety

of the bipding mpfety af th@mp'avsl@émdlmo@mm¢ F@é)ﬁdd)ﬁlebﬂlﬂdsolypcpude in

20 amanner which prevents it from performing its biological function until it is selectively eluted or
the bindable epitope can be a removable epitope in which the target polypeptide is not

biologically active until the epitope is removed. In some embodiments, the binding moiety can
remove a removable epitope.

25 The invention also features methods for obtaining, e.g., purifying, ait-arget molecule
which includes a bindable epitope from a biological system. The method can utilize any of the
systems described above. The method can include: contacting a multivalent binding polypeptide,
e.g., any multivalent binding polypeptide described herein, with a composition of matter from -a
biological system to form a reaction mixture. The composition of matter can include a targct

30 molecule having a bindable epitope. Within the mixture, the first binding moiety of the
multivalent binding polypeptide can bind the bindable epitope of the target molecule. Preferably,
the reaction mixture is maintained such that the first binding moiety of the muitivalent binding

polypeptide binds to the bindable epitope of the target molecule. The mixture can further be
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The bi ndabl e epitope of a target nolecule can be a renovalf§ MR taape. For
exanpl e, the epitope can be renoved by a catalytic noiety of a second

mul tival ent bindi ng pol ypeptide, e.g., a second transgenically produced
mul tival ent pol ypeptide. A second transgenic nultival ent binding

pol ypeptide can include a first catalytic domain and a second bi ndi ng

noi ety which 10 specifically binds a matri x- Preferably, the matrix
specifically bound by the second binding npoiety of the second transgenic
mul tival ent binding pol ypeptide is different than the matrix specifically
bound by the second binding noiety of the first transgenic multival ent

bi ndi ng pol ypeptide. The catalytic domain of a second nultival ent binding

pol ypepti de . . cl.eavage .of. the bi.ndabl e epitope fromthe
removabl e ep“fé‘ﬁ%ﬁe. @o?g‘g%?%%h’e“% ﬂ’fcﬁeecogag?%‘{mﬁw%e%{(’)"ﬁgi E"’%ig’eﬁfﬁ?f ‘ﬁﬁ\‘?é"agﬁ’

am dase act it teyond piralingapogpit of o Imppypient dediogapephde caxipniabsealri,andumyi nact i ve
formin the bR corsp SHRAEEY, L I rticularly
advantageougﬂ?ﬁggfgﬁgtionsﬂ%ﬁ%&ﬁﬁg f{;?gé%gﬁggﬁ%V%@%u$EMHﬁ%vg0 ﬁgm¥arget
pol ypept i de perdBedafrpmdheisprposipreefimaietnct i on in the mamuary tissue. For
exanpl e, sthe fi Hit mbhekah SlsdBinede YroQfdirk A Sanipid, E.g.\,\;ﬁﬁ&&}%.gk)hmﬁ,'u%ge,_l@ pept i de

ner

can bind the target polypeptide in 20 a man Ich prevents it from

per forni ng i ‘VEcRRdsy R Eaget molsrulei Bbe samplp panibe contackd ks ylgyajengbindies] or  t he
bi nda?' eb_ep:ﬁo@j@%)tiaaBesme@hﬁﬁﬁfw&?iﬁeﬁigkﬁfﬂmhl@z miefahxptehzgsa feG@ichPol ypepti de
is no i ol.oqgi call ctive un e epitope is renpved. In sone

enbodi ment s,m‘g‘h%s 5“’#&?%03'9%%@'[’%&%‘“"1‘]2‘%6\?8 gl g ABPE RN BHe. 25 The

i nventi on alBefehisipithy @splaeinte dbtaihair froabdnainiiaNghictexpressesfihl thripptinfiscnid i idr get
nmol ecul e_. whigh i ngl i epi.tope fr a bi o] ogjcal system The
met hod can uT]JiﬁT F’%’éﬁlgg%%gef&? eeO%g%;%ﬁ}éﬁEHm&tg%ﬁ%%g%ae%"\?é{ ca%hee St an

i ncl ude: corsnaesaf whigh mckydds g mycdotdetsedyerd iemrgdippihy peget fiolyesptideurger, thasvyitrol of

nul tival ent JLadi-RgrAebkagpt i de described herein, with a conposition of
matter froma biological systemto forma reaction mxture. The

conposi tion of nAktBYIEGRPISP fratuErg Eetiodsof plainiBY e gp Pusifiinge 2 ket Mbleculdh E-adabl e

epi t ope. W tuigdl nioteuighavinga@inddeepfidpes thdthdigHarsh iﬂaﬁcﬁ.tﬁfoﬁéin% Deuia, Y Ghial ent
bi ndi ng POl y ecﬁnt" e _can bi n(li t he bindabl e epitope of the target nol ecul e.
Pref er abl'y, dNFY5EE FER TSRt e~ p LmsrhpelipspifePrd yEpttyaiet ipdiBE £ r st bi ndi ng

noi ety of t hpelypeptitié, uatubtivalet bindingipplypemidy Bepriticd Berkih NELS examplen@e Bhadah)| e
epi tope of the tar mol.ecule. The m xtyre can fyrther he 18 0 MAP? 2004
cont act ed Wl"t“ﬁ" ?%ﬁ@f@t@mﬁwwlﬁﬂ%@g‘ﬁg e’fﬁfﬁiﬁ‘ﬁ@mﬁ%ﬁg‘ﬁy%‘?%@_ ®fh the
presence of nniigvaleatbindng polypeptideen tha Guilj englinnitk. Toé wéthoddbritehincimdds cbntahignt
bi ndi ng peptida:Edi Ahix . I nboun n s _of. the
m xture can egﬁlr‘ ermv:gﬂ&. Tﬁg&tcg%g%%%?g%ﬁ%%%ﬁm%hgﬁqﬁé%% ?A?need’,mmx’

20  the second binding moiety of the multivalent binding peptide can bind the matrix, and any

unbound components of the mixture can be removed. The target molecule can then be obtained,

e.g., eluted, from the composition of matter.

Preferably, the composition of matter from a biological system is contacted with milk
25  containing sufficient levels of a multivalent binding polypeptide to obtain at least 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 98%, 99% or all of the target molecule from
the composition of matter. For example, the milk can contain high levels of the transgenic
multivalent binding protein due to its expression in mammary tissue and secretion into the milk,
Preferably, the transgenic multivalent binding polypeptide is present in milk at levels of at Jeast
30 0.1,1,5 10 mg/ml, '
Biological systems include, for example, plant, fungi, bacterial and animal products.
_ Compositions from biological systems can include: conditioned media, tissue extracts, organs

and bodily fluids (e.g., blood, plasma, serum, sweat, saliva, urine, milk, etc.). Such plant, fungi,
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e.g., eluted, from.the conposition of matter 5 The nethod can _al so i ncl ude
providing a sanple, e.g., a fluid, e.g., mlk, urine, bI@@dMARWﬂlﬂéh

i ncludes a target nol ecule. The sarrpl e can be contacted with a nultival ent
bi ndi ng pol ypepti de described herein, to obtain the target nolecule. For
exanpl e, a sanple which includes a target pol ypeptide can be obtained from
an animal, e.g., a transgenic aninmal. Preferably, the sanple can be
obtained froman ani mal which expresses the target nolecule in its 10 mlX,.
e.g., the sanple can be obtained by mlking the animal. The animal can be
any transgenic aninmal which includes a nucl eotide sequence encoding the
target polypepbifieandndta k. s ific,pronmoter. The

i nvention al so feat uregn[ h}%?ﬁgﬁgﬂ%gn%%oﬂohﬁ%nﬁgse:gm£e%%om T %c?%'s"a t ar get

mol ecul e, e. §XCECBPUSY §¥RPEEd g¥Btsecul e having a bi ndabl e epitope. The nethod
can include: providing a fluid, e.g., mlk, 15 which includes a target

nol ecul e, e.g., ta gﬁe%?#} tJilﬁ/peptl de, and a nultival ent binding

pol ypeptide, a mul"tfX dsy dherbindable speRstof elteTedlamalecnls e trarreovablEor

exanpl e, the eﬁ:kdpe dEorexegnp,\e thB‘t}hllépe A Be RARAbRA Befik %Q%aofta &Gﬁcﬂrﬂ@h&lcﬁpi el
whi ch expresges. t he g a%et X(Pﬁ]%tFl de_and the 'mul tival ent I ng

pol ypeptide in {nﬁg ﬁ’ i eConfFpReEeERlly HRAuer dnuityplem @plypenbdey desscond
contacting Mgéﬂlmdnvaldnhbmimmforypepuﬂocamm& 4 i€ cHRGA brRinRdd DEcHRI et y

binds. In th 20 the,.secopnd bi.nding noi ety of the
mul ¢ val ent | ErEgE ORGSR hOGER et s i B ein o Hrs hoved by
conponent s othesgrendpinding moietanf tbesepcmﬂmmgemc'ﬁnemﬁnmgﬁﬁmgtpbgﬁdph& i€ diffeleften be

obt ai ned, ¢ €u@n the flali@ecifich Preferably, the
conposi tion of matter From gmo{io 3gi ca(?ﬁ‘!“%mc{)m mme ?a’&“é‘&sgﬁ?"fh mlk 25

cont ai ni ng s@RHVEFe hpdmepyrspise. Eherﬂatatth@zinemtof bsmdndngﬂmleymphngde to obtain
at least 5% p&%ntﬁ(&% cataﬁﬁg’%e gi@a'@geﬁg%h bﬁ@z%lc ehitofk B0 fhe 18030 b]%gﬁo 55/?-: 98%
99% or all of thE% %’iyd’ﬁgl) ecul e from ecorrp05|t|ono

exanpl e, the“H#F i Fﬁné‘ﬁvelaé\?’éldéseé?nvt%ewb?%h%@émeesawmbtablpal ent

bi ndi ng pr ot eiitpe]the tirget pdlpeptidp cLS%iobEinkd EIRPRERRYrd byShevindRbepiSad £ on i nto

the mlk., the transgenic nmultival ent binding polypeptide is
pr esent i m?%ﬁéﬁg{ﬂéﬁ}%ﬂfs of at least 30 0. 1, 1, 5,10ng/nl. Biological

syst ens i ncl ude, Thararwmiwpmdepinarabxpra‘sseﬂgia,nuhamemﬁrhﬁh RGNS MRhmfy oduct s.

Conposi ti onsgdko e n incl ude: i,tioned rredla ti ssue
ex'[nr) act s, ortglgsgl?]es %Qrﬁ; E}ngﬁﬁ}; aﬁ‘(ﬂ@nﬁzm 6e°u518IS’t§’85°nsbrl‘ E%F&“ sogtdesired Queat |

sal i va, uri nEve i fakget palypeptide Serfom 54 binlogicdl mcfion irl@e maBmA\RsA6 OFor esrpRy | al
and ani mal Qh@ﬂl@ﬂilﬁhﬂé&%lé&‘@ﬂ%l%&%%ﬂg%@@p%@g &ﬁ%ﬁg ﬂ'rcrtagégt %adoegt?cﬂous or

20 amamner which prevents it from performing its biological function until it is selectively eluted or

the bindable epitope can be a removable epitope in which the target polypeptide is not

biologically active until the epitope is removed. In some embodiments, the binding moiety can

Temove a removable epitope.

25  Binding Moiety of Multivalent Binding Polypeptides Which Bind a Target Molecule

The multivalent binding polypeptides of the invention include a first binding moiety
which can bind to a target molecule, e.g., a bindable epitope of a target molecule. Preferred first
binding moieties include: an antibody, an Fab or F(ab); fragment thereof, or a polypeptide
portion comprising 2 complementarity determining region of an antibody which specificaily

30  binds a bindable epitope of the target molecule, a ligand or receptor which binds a bindable
epitope of a target molecule, or any other polypeptide portion which specifically binds a bindable
epitope of the target molecule, ¢.g., a polypeptide selected for binding in, e.g., a phage display or
2 hybrid assay.

20




exogenously supplied genes. In any of the nmethods, the bindabl e epitope of
a target nol ecule can be a renovable 5 epitope. For exanplq% tﬁgqgﬁfgope
can be renoved by a catalytic noiety of a second nultival en bin ﬁg

pol ypeptide, e.g., a second transgenically produced multival ent

pol ypeptide. A second transgenic nultival ent binding polypeptide can
include a first catalytic domain and a second binding noiety which
specifically binds a matrix. Preferably, the matrix specifically bound by
t he second binding noiety of the second transgenic nultival ent binding
pol ypeptide is different 10 than the matrix specifically bound by the
second binding noiety of the first transgenic nultival ent binding

pol ypepti de. The catal ytic domain of a second nultival ent binding

pol ypepti de can g@&abméﬂ”rggmghpﬂgggp of the bindable epitope fromthe
renmovabl e epitope. exahpl e, the catalﬁglc domai n can have an am dase

activity. Wien t Hé‘sé‘ﬁgllkﬁ‘ﬁ’@q‘ © art heypig\malke antibediss ensiyanous priibedy,dgRYatyss| Sept i de
can be oblt ai e:leﬂlpiec .ﬁﬂbiehﬁl max:&wlzqe slayszsa(rrmd ﬂig:ids&ee;minggﬂaenfks @Mk hukant he
target nolecu et pol ypept i de ca n inactive
formin tRe Q?ﬂ @”&?ﬁﬁ‘h%ﬁ %/JD g‘?é’ ay- éﬁégiﬁg‘(gu%%}l) PEHFAr y
advant ageous chithesd dntibddied hmngnnombd \ahahletreg:&mramihudﬁswhaﬂu tegiond Rvéwélhe t ar get
polypeptlde f t ical .functio SU For
Eapl b, ¢ neEpe g o g8 ALER st Eh e b Bet AR OR Bkt B 50l | e
can bind thear!tézp@e@DBmfgmetpﬂm dféacksnn,m JaRIrrameielr 304236139 P98 1)@stwssest f rom
performng i v r the
bi ndabl e epi %&e@éa@%n Iﬁ&gd %gﬁglbg%%n%&%st lgéhgdn{g% ﬁ %ﬁﬁl{ Jjélflle;!‘ﬁ'é(’gls(raHﬁgléapoglypept i de
is not bPol awibedies frsige pioms grmpric apﬁz@d@qucbwemzsd Todembyrailodiqsn Rejghpan ef

enmbodi nent s, gt heankd i m-mu@w dﬁé!ﬂsesiﬁﬁ?&h&i%mﬁo&ﬁim@slﬂlrﬂh Ha@® reggonsBi Ndi ng
Moi ety of M| ti val ent. POléf eptides Wiich Bind a_ Target M cule The
y{gg qe Sc

mul tival ent BYSEFREHS eﬁcézé%n}é%"t‘]i%ﬁ(lﬁ’%%ﬂ’és gappg e pindi ng

noi ety whlchomammmmﬁﬂmﬁmgambﬂbg@mnﬂnhﬁmﬂye e.g., a bindable epitope of a

target nolecule. Preferred first binding noieties include: an antibody, an

Fab or F(ab)2 fragnent thereof, or a pol ypeptide portion conprising a

conpl emamsar_Myatmmm@olnmﬂm%mnmmmspem fically 30

bi nds a bi ndabl e tor which
ﬁﬁmmamﬁiyhﬂg?&f&g@ﬁ SRS on afo h;cﬁﬁéoadﬁ efdnd Vbﬁﬁﬁg

bi nds a bi ndable ~ epi nDIecuIe or an eptide
portion whi cmeispyediidh befﬁls toa T sSeaoqdlhqmwmnesm mpied%)for m@pteaangb;qdws

mol ecul e, €. gr antigodp AHRARL Insi@maﬁéa?e%&qa&?ém&h&g iHAGntighn orfpflope treBI@RIEN
display or 2 hybrid assay.
is specifically bound by the antihody In such cmbodlmcnts the interaction between the antibody

20  and antigen must be sufficiently avid to prevent dissociation under conditions which would elute
the target molecule. Other preferred second-binding moiety-matrix pairs include, without
limitation, polyhistidine-nickel metal chelate (elution with < 250 mM imidazole or low pH),
streptavidin-biotin (elution with 6 M urea, pH 4.0), Flag™ peptide-specific MAb (elution with pH
3.0 or 2-5 mM EDTA), S-peptide-S-protein ribonuciease (elution after self-cleavage),

25  glutathione-S-transferase-glutathione (elution with 5-10 mM reduced glutathione), protein A or
synthetic ZZ domain of protein A-IgG (elution at low pH), IgG Fc region-protein A (elution at
low pH), maltose-binding domains-cross-linked amylose (elution with 10 mM maltose) and -~ -
celtulose binding domains (CBD)-cellulose or chitin (elution with water or > 4 M guanidinium or
1 M or greater NaOH. The cellulose binding domains-cellulose or chitin pair is presently most

30  preferred. For purification of antibodies, a most preferred embodiment comprises a first binding

moiety from protein L and a second binding moiety from CBD.
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Anti bodi es or Fragnents Thereof It is well known in the arbjgﬁﬂ%gg_
anti bodi es and various anti body derivatives. For exanple, 9

Nat ure 321: 522-525 (1986) discloses replacing the CDRs of a human 5

anti body with those froma nouse anti body. Mrx, Science 229: 455- 456
(1985) discusses chineric antibodi es having nouse variabl e regi ons and
human constant regions. Rodwell, Nature 342: 99-100 (1989) discusses | ower
nol ecul ar wei ght recognition elenments derived from antibody CDR .
information. C ackson, Br. J. Rheumatol. 3052: 36-39 (1991) discusses
genetical |y engi neered nonocl onal antibodies, including Fv fragnent
derivatives, S|nala chain i 0 anti bodi es, fu3|on proteins chineric

anti bodi es arEEchMeleatlssed rodent anti bodi es. Relchnan et al., Nature 332:
323-327 (1988) dmﬁ@sﬁﬁolﬁuleuﬁ%@a@%bgﬂmnfapcﬁw' of AhodyBs YLl abl e
regions have been grafted Vbrhoeyen et a ScT Ence B
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Transgenic Mammals

Methods for generating non-human transgenic mammals are known in the art. Such
methods can involve introducing DNA constmcts into the germ line of a mammal to make &
transgenic mammal. For example, one or several copies of the construct may be incorporated

25  mto the genome of a mammalian embryo by standard transgenic techniques.
. Althongh bovines and goats are preferred, other non-human mammals can be used.
Preferred non-hiiman mammals are ruminants, e.g., cows, sheep, camels or goats. Additional
examples of preferred non-human animals include oxen, horses, llamas, pigs, mice and rats. For
nuclear transfer techniques, the mammal used as the source of cells, e.g., genetically engineered
30 . celi, will depend on the transgenic mammal to be obtained. By way of an example, the genome
from a bovine should be used from nuclear transfer with  bovine oocyte.
Methods for the preparation of a variety of transgenic animals are known in the art.

Protocols for producing wansgenic goats are known in the art. For example, a transgene can be
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The target mpel ecul e can be an endogenous nol ecule, e.g., an engﬁgenﬁqs
pol ypepti de or an exogenous nol ecule, e.g., polypeptide. =i n'g Qé, t he
exogenous pol ypeptide can be a pol ypeptide which is naturally expressed in
the animal but not in a particular tissue or at lower 5 levels in the
tissue which it is being expressed, or the exogenous pol ypeptide can be a
pol ypeptide which is not expressed in the animal, e.g , the animal is a
non- human ani nal whi ch expresses a human pol ypeptide. Preferably, the
target nol ecul e i ncludes a bindabl e epitope. The bi ndabl e epitope can be a
renmovabl e epitope. The renovabl e epitope can be renoved after the

sel ective el:ut] t ecule. Such . re bl e epitopes can be 10
deri ved froﬁbﬁdgﬁ{/&ggﬁ? ?}Eger%lgé%?g ggém’pcfog’t'e&?{'sas %F’%‘Xg‘?’é’“’é’éﬂl% e
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protei ns. Al4RLOabh Wed ¥/ [ | e.can be. join to the

renai nder of pt?fﬁ%%%arget 3%%%2&]? EB%)§Bgﬁgg@%%cgﬁmcofﬁ%sg%cé;%%gbmﬂ1Bn and

cl eavage siVeie2pd SereRasHomreareTorichiatComplemtrinBeseaeic 641 Foremi im I ology, get

mol ecul e 5 S ppCEResIs UBIParekiMol 1£23PHOTRAERnt NoTS §38B3POD ARG5S RogaRsnay be

attached to tg [}atr#_x.. 0 _sone enbodi nents, the trarsgenrc ival ent
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protease activity is paft of the first

addi ti onal RQindi iety. Wen the

bi ndi ng noi gt%%?s?? 3?2& g‘#%’?‘&?"u’ E‘Ja the Rroduqnpn ¢f 2 FAnEFRE <9 ke founs iyl $elPatenhe
bi ndabl e epiNeop@: LATIFCIONBlisitn WO BOOGHS! indTRandaric AhR@Y Bchlifoghindabl e

epi tope yndey a2 se dihferent ,set of condifions. 20 Transgenic Manmal s
Met hods for %’éng( ait(i|95‘r?gmrf()ér%JEI u?rlg%nt‘rq‘éa TYERTEES 'n‘%rHT"é"c%lrf%”R"rﬁWr‘\‘c?%ofhe art.
Such  met ho#anseenir sherpeRwks fumd moBITICPublicaDbeW O ST E69C4ng Trdak@niRRinger M | i ne of
a manmal t o 7oBk&led, 4 HLARSSETHoq, JJBELRA - p; | ne or several copies
of the constructo%ay be i ncor por ated ﬁﬁn@%&t‘qﬁ% g%’?l%cr?e of a mamal i an
enbryo by standard transgenic techniques. . Although bovines and goats are
preferred, UishdgectsdaamiiLiagan nmanmal s can be used. Preferred non-hunman
manmmal s _are rum hant e.g., .conws, sheep, canels or goats. Additional
exanpl esgof pr efé;eFl?“ec 1yne85‘gﬁtﬁ4ﬁﬂy‘”\%‘?ﬁpﬁ’§l‘§m}‘ Rt Traee% Brmmpaldy sudear fmsfens,  pi gs,
mce and rat® beFrined i £all lihe BRSIHh atedHOiGHLE Sutert RQ TR RHALC LsAthias the
source of cglls. Grohiry, i net]hingnglll leX engi neered 30 cell, will depend on the

t ransgeni c TRnTa| tombe obt al ned. ‘By way of an exanple, the genone froma
bovi ne shoul d be epsemctrnbn intrshed intd 7 clisfaepnvwahtidhalaraldntingBone® s ctidyet hods
for the prepamnfhiOnsQfedReia! thEdnsOfrad geni.c_ani mal s, are. known in the
art. Protocol gﬁlf or pr oducl?’ng tra_nsge%?%ﬁg%{gts nas?(’ém”%r%mﬁd]“%”t‘ﬁﬂe‘éf’ . For
exanpl e 204 ‘t"‘f*‘aﬁé}ﬁe"ﬁféﬂ‘@&lﬂcu@é transgenic sequence into a host cell, including calcium phosphate or

calcium chloride co-precipitation, DEAE-dextrane-mediated transfection, lipofection, or

electroporation. In addition, biological vectors, e.g., viral vectors can be used as described
below. Suitable methods for transforming or transfecting host cells can be found in Sambrook et
al., Molecular Cloning: A Laboratory Manuel, 2 ed., Cold Spring Harbor Laboratory, (Cold
25  Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989), and other suitable laboratory
_ manuals.
Two useful approaches are electroporation and lipofection: - Brief examples of each are
described below.
The DNA construct can be stably introduced into a donor cell line, e.g., an embryonic
30  cell, e.g., an embryonic somatic cell line, by electroporation using the following protocol: the
cells are resuspended in PBS at about 4 x 10° cells/ml. Fifty mic.orgrarns of linearized DNA is
added to the 0.5 ml cell suspension, and the suspension is placed in a 0.4 cm electrode gap

cuvette (Biorad). Electroporation is performed using a Biorad Gene Pulser electroporator with a
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22 0.8 MAR 2004 introduced into the germine of a goat by rﬁgr]qmgj gtion as
described, for exanple, in Ebert et al. (1994) Bi o/ Technology 12:%699, or
nucl ear transfer techni ques as described, for exanple, in PCT Application
WO 98/ 30683. A protocol for the production of a transgenic pig can be found
in Wite and Yannoutsos, Current Topics in Conpl enent Research: 64th Forum
in Imunol ogy, 5 pp. 88-94; US Patent No. 5,523, 226; US Patent No.
5,573,933; PCT Application W93/25071; and PCT Application W95/04744. A
protocol for the production of a transgenic rat can be found in Bader and
Ganten, Cinical and Experinental Pharnmacol ogy and Physi ol ogy, Supp.

3:581- S87, 13%Gvoltpineal TaRA, 1O mi-l€arh! 284G iQ0:0f .8 eni ¢ cow can be
found in U S, Patent No: 5, 741, 957, P%gdﬁmﬁdpﬁq?s€%?f°o%%‘(}%9‘8%f%€%?°“&ﬁﬁ
Transgeni ¢ Afi malY FELHHOT6GE e T chemnprsmatem a0t cleds are Slecied AllowingKer t
Academ ¢ Pr esepbatine with3 §irmitogeh/nfl 0f G4 IRGGREMRIG fk 904.9f @ transgenic sheep
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DEAE- dext r ane- nedi ated transfection, |ipofection, or electroporation. In
addi tion, biological vectors, e.g., viral vectors can be used as descri bed

bel ow. Suitabl e MedsheSicifiOExpkdsanSirPrdintd Or transfecting host cells can be
found in Sanbroo Mol ecular Tloning: A Laboratory Manuel. 2"d ed.,

et | ..
Cold Spring Har bgtr’s pfign Besiiable §p SXRIesS P AT, Sy 3 PRFTIPEOBTRTOtEIALD R Steoifiy tifne:s
Col d Spring fadisex. thehhilk, HORD prirN6F a0iRPEniSdhirkADTR nkARREAL YVein BRYAI S. Two

useful approagh I oration.and |ipofection. Brief exanples of
each are pdescr?%cég&ggfe ggvé.agEflﬁfgllmhggﬁﬁmisg‘{:fﬁrﬁ‘ém@ﬁdw9ﬁan¢9$‘i@bﬂe€ed into

a Icllonlo_r cel E;Pznﬁﬁél}e ketegplogopypreseity myroilli. Metidas fbleﬁrbglucﬁigghete@l&g(.ﬂﬁ?foyhm&erlsloﬁati c
ce i ne, Q61tor 9 RAL Bleki o).l owi totogol: the cells are
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DNA i s promoters, as well as, other regulatory elements, e.g., signal sequences and sequence which
enhance secretion of non-secreted proteins, are described below.

20
Milk Specific Promoters

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

25  protein (Gordon et al. (1987) Bio/T\ echnology 5: 1183-1187), and Jactalbumin (Soulier et al.,
(1992) FEBS Letts. 297: 13). Casein promoters may be derived from the alpha, beta, gamma or
kappa casein genes of any mammalian species; a preferred promoter is derived from the goat beta
casein gene (DiTullio, (1992) Bio/T: echnology 10:74-77). Milk-specific protein promoter or the
promoters that are specifically activated in mammary tissue can be derived from cDNA or

30  genomic sequences. Preferably, they are genomic in origin.

DNA sequence information is available for the rnammafy gland specific genes listed
above, in at least one, and often in several organisms. See, e.g., Richards et al., J. Biol. Chem.

256, 526-532 (1981) (a-lactalbumin rat}; Campbell et al., Nucleic Acids Res, 12, B685-8G97
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added to the 0.5 m cell suspension, and the suspension 'SBfFW@PE@M naoO.4
cmelectrode gap cuvette (Biorad). Electroporation is p(gr ormed using a

Bi orad Gene Pul ser electroporator with a 23 330 volt pulse at 25 mA, 1000
m croFarad and infinite resistance. If the DNA construct contains a
Neonyoci n resi stance gene for sel ection, neonyocin resistant clones are
selected following incubation with 350 mcrogram nml of (418 (G bcoBRL) for
15 days. The DNA construct can be stably introduced into a donor cell line
by |ipofection using a 5 protocol such as the follow ng: about 2 x 105
cells are plated into a 3.5 cm aneter well and transfected with 2
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which fesult in the secretion of eukaryotic or prokaryotic proteins. Preferably, the signal

20 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 construct, which are described below. The size of the signal
sequence is not critical. All that is required is that the sequence be of a sufficient size to effect
secretion of the desired recombinant protein, e.g., in the mammary tissue. For example, signal

25 sequences from genes coding for caseins, e.g., alpha, beta, gamma or kappa caseins, beta
lactoglobulin, whey acid protein, and lactalbumin can be used. A preferred signal sequence is the
goat B-casein signal sequence.

Signal sequences from other secreted proteins, ¢.g., proteins secreted by kidney cells,

pancreatic cells or liver cells, can also be used. Preferably, the signal sequence results in the

30 secretion of proteins into, for example, urine or blood.

Other Tissue-Specific Promoters

25
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kappa casei ns, ( ; . . ._ |

g;n Eggpused. A preferred signal sequence is the goat casein signa

i reted proteins, e.g., proteins
sequence. Si gngl REHHE RERSL LS OM ot her sec p

ki dney ce ,
secreted zlgy 'l)ﬁe DNA constructs used to make a transgenic anirnal can include at least one insulator
sequence. The terms “insulator”, “insulator sequence” and “insulator element” are used

interchangeably herein. An insulator element is a control element which insulates the

transcription of genes placed within its range of action but which does not perturb gene -

expression, either negatively or positively. Preferably, an insulator sequence is inserted on either
25  side of the DNA sequence to be transcribed. For example, the insulator can be posttioned about

200 bp to abont 1 kb, 5° from the Ppromoter, and at least about 1 kb to 5 kb from the promoter,
the 3°

at
end of the gene of interest. The distance of the insulator sequence from the promoter and
the 3” end of the gene of interest can be determined by those skilled in the art, depending on the

relative sizes of the gene of interest, the promoter and the enhancer used in the construct. In

30 addition, more than one insnlator Sequence can be positioned 57 from the promoter or at the 3*

¢nd 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’
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pancreatic cells or liver cells, can also be used. Preferabl$y, MéRe2@ignal
sequence results in the 30 secretion of proteins into, for exanple, urine
or blood. Qther Tissue-Specific Pronoters 25 Qther tissue-specific
pronoters which provide expression in a particular tissue can be used.

Ti ssue specific pronoters are pronoters which are expressed nore strongly
in a particular tissue than in others. Tissue specific pronoters are often
expressed essentially exclusively in the specific tissue. For exanple, if
the altered protein is normally expressed in the liver, a liver 5 specific
pronoter can be used. This will be the case when a suppressor tRNA is used
to alter sercodwfthdgent of intprest,tohatshesidodiaf 4 30 FsgulatodylseaS@e 1 oG 2 SCEHHBAGRgeNcodi ng
t he suppress?g &Wmﬁg\lﬁ&gger the control of a liver-specific pronoter.
Ti ssue-specific pronbters a5 be used include: a neural - specific
promoter, e.g., A@slarred ingyator)is a Pk s¢gmerngich edoompdsses Eﬁagraﬁloeﬂlc aucksw c
hedgehog; a_lotiiodPed o pR e ok sdeonstin e RBYILE sate BNl [yPSi D
a muscl e-speci fic. promo g., nhyogeni n, E K oocyte
speci fic profbtdrdlicato 94’22‘?515 ‘hmtﬁmZFfSNhué lale@mwedpecmﬂavqusmemt er, e.g.,
protamn, fertilin, synaptonemal conpl ex protein-1; a bl ood-speci fi C

pronoter, e.g., gl obu: |]\p TA— 1, porphobilinogen deam nase; a

| ung- speC|f|c prom)te C8urfactant protein C, a skin- or wool -

speci fic pronot erA csee whkﬁéxﬁbdeﬂa h&éraséoh@pmt@xﬂ@QIHE%LsEHH&&R%%Es&Gct WhQ,HDt ers,
e.g., Tie-I, cluﬁ bone ecific pronoter, e.g.

addi tion, geNSParaF %nr]r% e a@é?ﬁ““beé f‘i‘jg SRECificy isseey r#-elE MgAMITH e@@?‘é‘l‘ %I“S’tcrgss ues.
Exanpl es wf agsnlemahnopﬂr,@rmhgm b¢makdmd|ﬁnmacra£ﬁﬂ1mspcd?£&?gxﬁll seqe, e £Q@, C-nyc,
Jun-A, and J or uences nstruct s used to nmake a
transgeni ¢ agi{}mrrg g} %géﬁﬁ%tgf uéé asf:'gég?a Beﬂ'éenf%g’g]A aaﬁcig?‘ encodipg BnReTolgYs t er

"insul ator", ptotessul at or sequence” and "i nsul ator el enrent" are used
i nt erchangeabl Y REE LM md | 1y g control nt whi ch
i nsul ates the _transcript! oﬁﬂ‘g#'lﬂgaeeneg’s%i iéiam r?ﬂ“’[nhl KOIFEn L tﬁegigﬂgiseqéfﬁlﬁon but
whi ch does n‘é‘td“tﬁéPfttEFrfﬂmgé%%ed PESLgIB-cSsh Galonsem $iahilize egmm;mprofms. tively.
Pref er abl i, é@rdsﬂ&ayamanﬁmmsuéy{ewa%ﬁé& Pbeift b e ofptediofi €l T he DNA
iI‘nsu Be ﬁ’os

sequence to be tr'gf)gcrl bed. For exanple at or i oned

about 200 bp™P Gptrapsigid regionspsefuhin e cqppipwets fasiuse in A inyentionasstsequibazas | kb
to 5 kb fr onﬁzhtrwoqiﬁearmtyeﬁr sxgrat Su&H’bequ%nceﬁiﬂﬂb Wfdetig, JeHnPhe $WaLERt The

di stance of gnhe i gléllsa,t equence, romtg rom)ter and the 3" end of the
gene of intetost” CaAh fiEgiopgr gty é‘“E%F]FtF‘Eﬂq?ﬁHCQSPYé']E‘FW g dsardi ng

on the rel alniope a@ﬁtz,elx bﬁnﬁaﬁn@t@mnﬁi delrimddeoltd millt dpecifiy 9668k CTheAREtH $Hehe
enhancer 2HS 6§| uhtpanglﬁgd l%gig§ {'s ';J&Q:;mcai ﬂlt the stabilizing effect of its poly A transcript appears

important in stabilizing the RNA of the expression sequence.

Optionally, the construct can include a 5' untranslated region between the promoter and
the DNA sequence encoding the signal sequence. Such untranslated regions can be from the
same control region from which promoter is taken or can be from a different gene, e.g., they may

25  be derived from other synthetic, semi-synthetic or natural sources. Again their specific length is
not critical, however, they appear to be useful in improving the level of expression.

The construct can also inciude about 10%, 20%, 30%, or more of the N-terminal coding
region of a gene preferentially expressed in mammary epithelial cells. For ¢xample, the N-
terminal coding region can correspond to the promotcf used, e.g., a goat B-casein N-terminal

30  coding region.

The construct can be prepared using methods known in the art. The construct can be

prepared as part of a larger plasmid. Such preparation allows the cloning and selection of the

correct constructions in an efficient manner. The construct can be located between convenient
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30 addition, nore than one insul ator sequence can be posit8n&AR52804f r om
the pronoter or at the 3' end of the transgene. For exanple, two or nore

i nsul at or sequences can be positioned 5° from the pronoter. The insul ator
or insulators at the 3 end of the transgene can be positioned at the 3' 26
0 8 MAR 2004 end of the gene of interest, or at the 3 end of a 3

regul atory sequence, e.g., a 3" untranslated region (UTR) or a 3" flanking
sequence. A preferred insulator is a DNA segnent which enconpasses the 5'
end of the chicken globin locus and corresponds to the chicken 5
constitutive g%g\msenm tive site as described in PCT Publication 94/ 23046,
the contents 17SHes @ SeRlsmpise drbhenter kd aasilyysofatsf domnisesmDhidg Sonsd r uct s A
cassette whi Ckeqeareadesinerivines RlaBosBMAeLN can be assenbled as a
construct which includes a pronoter, e.g., a pronoter for a specific
tissue, e.g., for mammary epithelial cells, e.g., 10 a casein pronoter,
e.g., a goat beta KasdbpupTopdPreiegnsa m | k- speci fic signal sequence, e.g., a
casein sigpal seq a 13-casei nal sequence,, and a DNA

encodi ng the het efﬁ{‘}&gous“‘?“e"" Y Brofing %ﬁ‘ém@oé ?"F%?&PTOE?%CB&IE’%B’“P%F%@% 3
untransl at ed eeglivrridoambimsanrofal érhen NAnSRGE AR Lcell GACHsABsHR abdie,

non-secreted prot ep, a4 can ,stabilize the RNA transcript of the
.15 expressi on syste%oand{g?ﬁ Q%%&?@%@‘é]gmf%é’r%“élcﬁ > B PORE ST PLTOPHYLRi 58-f r om

the ex pressi oProtsips phigh nafm’bngmtr heh@to- oniereansltiatsde. g ﬁgm@m hes@f ginedsn t he
constructs f ofimdar ieBahdl® 11@16%%1 Qv &oé%%eg?sgp?ocF aacg ovgi,rg 3fﬁgg'cy A

signal . Such sequences may be derived
antigen, the RSlrRNYNE, Qs @ngs otintemsl é‘gﬁmso EV@tChmpleNmtmam Ibabeﬁhsﬁae(iru ences

wel |~ Known i Nectifiefoss. t ProteihincdfiBy RSREEL whiche EQG%%SL LS derived
froma mlk ng%,beIC rotein, %ﬁea en’wtrfo?nth §‘&(@‘ntr reglFonls

not critical FHE Ceary W??WW%@FWWW@%I%@YAOWM&Qst:aﬂmpt appear s

i nportant in gmkaﬂdmdmm@n t Tt pRW Bify Bl HemeX BB kR S GSLENEe hethfn%&Qa' Ly,
t he construct rggnm;an ea ? zhuntransl at ed régl on between the not er and
the DNA sequdhce GRtod: Py FHEHPEHS o RIBgRAETE agSﬁ'c‘HC}m%’th“hff%l“at‘@doregl ons

can be fré&m taliréla-lspanmnas@mbmr alpiagril ca:mdyp@m Mkuli6pHIENRRe SingloSentrd k@i Shbig 2N be
froma differ t ved rom ot her syntheti c,
seni - synt het |Ign%)nr gﬁ@?ﬂ‘? §ﬂ cgom rfl‘;clcgti‘és {,T,% atcrﬁrgﬁ{ E?fé"d# Fa5105 €nbqrg mapss
critical, houEiep (c-a-a¢P bré)i)e‘ézirmas, fb:ehramtml exireitiprsopcionige il@uhayel  of
expressi on.  HfnsgeR Shtstelb®ahsd Tgﬁ,&n{a{a%é&ﬁo% QQ%P%%PW%Q%%&W U qore of

the N-term na* COdl region o eren Yo ex res STH mamar y
epi t hel i al b ungg}gtﬁ\,yp énsulgrhgly basm protein, proinsulin, prolacnn., soluble CD4 ora

20 component or complex thereof, lactoferrin, lactoglobulin, lysozyme, lactalbumin, transforming
growth factor (TGF), e.g., TGF-B, tissue plasminogen activator or a variant thereof,

Nucleotide sequence information is available for several of the genes encoding the
heterologous proteins listed above, in at least one, and often in several organisms. See e.g., Long
et al. (1984) Biochem. 23(21):4828-4837 (apiha-1 antitrypsin); Mitchell et al. (1986) Prot. Nail.

25 Acad. Sci USA 83:7182-7186 (alkaline phosphatase); Schneider et al. (1988) EMBO J.
7(13):4151-4156 (angiogenin); Bock et al. (1988) Biochern. 27(16):6171-6178 (antithrombin I11);
Olds et al. (1991) Br. J. Haematol. 78(3):408-413 (antithrombin HI); Lin et al. (1985) Proc. Natl.
Acad. Sci. USA 82(22):7580-7584 (erythropoeitin); U.S. Patent No. 5,614,184 {erythropoietin);
Horowitz et al. (1989) Genomics 4(1):87-96 {glucocerebrosidase); Kelly et al. (1992) Ann. Hum.

30 Genet. 56(3):255-265 (glutamte decarboxylase); U.S. Patent No. 5 107,828 (human serum
albumin); U.S. Patent No. 5,652,352 (human serum albumin); Lawn et al. (1981) Nucleic Acid
Res. 9(22):6103-6114 (human serum albumin); Kamholz et al. (1986) Prot. Natl. Acad. Sci. US4
83(1.3):4962-4966 {myelin basic protein); Hiracka et al. (1991) Mol. Cell Endocrinol. 75(1):71-
80 (prolactin); U.S. Patent No. 5,571,896 (lactoferrin); Pennica et al. (1983) Narure
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.termnal coding region.can correspond to the pronoter used 29 . goat
B-casein N-terminal 30 coding region. The construct can b&spﬁégari usi ng
met hods known in the art. The construct can be prepared as part of a
| arger plasm d. Such preparation allows the cloning and sel ection of the
correct constructions in an efficient manner. The construct can be | ocated
"bet ween convenient 27 0 8 MAR 2004 restriction sites on the plasm d so that
they can be easily isolated fromthe remaining plasm d sequences for
incorporation into the desired mammal . Heterol ogous Target Proteins 5
Transgeni c sequences encodi ng heterol ogous target proteins can be
i ntroduced into 5h ernline of a non-human manmal or can be transfected
into a cell %8 leﬁgélc(ﬁsb"eﬂasa‘%@ activiige; $rabmey i ak A9 &0k Bibrgilek or
mul ti meric pi6éites epnteats gf whigh dromeprpoprtedhetiabp raflirdncéTer , €. g., protei ns which
naturally occur as hono- or heteronultinmers, e.g., hono- or hetero- diners,
timers or tetrarrmmvaﬂ;m@mﬁgtpaiyaepg@da be a protein which is processed by
N-term nus, Cterm nus or internal

renoval , £9., cle
fragments® Even ﬂé?%&"h@‘éﬂ’@lpﬂ’gp@a‘?f‘ fBionPriisin s Be PRI ithvEndast m  Pr ot ei n
encodi ng sequ@nbaant N AL ttclﬁﬁmcslm]ng Bhuichabicid eholeBl] Oerciiin ORI W HEh ﬂBtexHHmW

e.g., bovines &, 8 serum protein ein

gl ycosyl at ed" umgudgg%%%ce f"f?:os%ﬂ Y B Prot lbﬁsyn‘f*‘ﬁﬁzeg%ft@'llé‘?f&?g{ﬁ %’@ﬂ‘ﬁ%ﬁan or
non- human i matkddgi n. The heterol ogous protein nay be a potenti al

t herapeutic or pharnmaceutical agent such as, but not limted to: 15 al pha-|
protei nase inhibitor, alpha-lI antitrypsine, alkaline phosphatase,

angi ogenl n, antith l9rrb| I 11, any of the bI ood clotting factors including
Factor Viqi Mgh e tuagive Kroteig (4 Befigcrqted protein (e.g., BW
1-15), chiti naseUseegﬂét—;tgg‘gpglh@,ghgsa extracel | ul ar super oxi de di snut ase,

fi brinogen, gl ucocCerenrosi d*g‘rase utamat e decar boxyl ase, human grow h

factor, human sefGASTET GHFrHC SDEReFI incyPres an inpetivé prowiniveing g whinmalipa diswe
protein, pr thﬂﬁ-klﬁ'h@lﬁntrékﬂks@ﬁﬁ byldtemS %H&Eﬁp]%e&rcoﬁ’sngg cﬁ%@i@ﬂgﬂtntoq egtgrrrpl ex

t hereof, | act of er ulin,_ |ysozyme, |actal bumn transfor m ng
growth fact SPC @%I@A%J %ggﬁﬁ ”a’isfeg%‘lﬂ‘éa'blreé’é‘ﬁ’F‘?]?}ﬁéﬂnga%‘iaf‘iiﬁ\i‘ét%‘rn‘%?s apdyari ant -
t her eof . 15 Nucﬂr&s&tmuiesamtpaefmSuﬁérmtalﬂﬁtnﬂeéllpeﬁetaz\ﬁadeb&bxbai foafce aRViQRaAI Of the
genes encodlc&g"%Q,gtcggstrg{a@e@qgsg%mcﬁ elnrﬁl%ﬁg}tﬁted .above, |nu%ﬁ(_gléggsr# one, and

often in several "organi Sns Hipackye pretgig gapa

23(21): 48284dag@tnedappha-|1 antitrypsin); Mtchell et al. (1986) Prof. Natl.
25 Acad Sci USA 83:7182-7186 (al kali ne phosphat ase); Schnei der et al.
(1988) EMBO J. 71( 13):4151- 4156 (angi ogenin); Bock et al. (1988) Bi ochem
27(16): 6171- 617 onbin 111);

20 Once it has been established that an inactive protein can be secreted and that an active

protein, e.g., BMP, can then be obtained using, for example, the tissue culture system, a construct
which expresses an inactive protein can be placed into the cloning site of the mammary gland
expression system such as a system which includes goat beta casein. These constructs can be
used to generate transgenic mice. This allows for testing the expression of the protein into milk.

25 Inaddition, the health of the mammary gland and the animal can be monitored.

Methods of Determining Expression Levels

Western Blot Analysis

Using the assays described above, enough material is obtained to test expression levels
30  using Western blots. The Western should be sensitive enough to pick up the signal for the wild
type protein being secreted. If the level of expression is, for example, 10mg/L then the level of

protein in the assay would be 10ng/ul. By running 10ul on in each well,100ng should be seen on
the blot.
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Ods et al. (199 1) Br. J. Haematol. 78(3):408-413 (antithré)gbhlaﬁl bd[?
et al. (1985) Proc. Natl. Acad. Sci. USA 82(22):7580-7584 ‘ 4
(eiythropoeitin); U S. Patent No. 5,614,184 (erythropoietin); Horowitz et
al. (1989) CGenomics 4(1):87-96 (glucocerebrosidase); Kelly et al. (1992)
Ann. Hum 30 Genet. 56(3):255-265 (glutante decarboxylase); U. S. Patent

No. 5,707,828 (human serumal bumn); U S. Patent No. 5,652,352 (human serum
al bumin); Lawn et al. (1981) Nucleic Acid Res. 9(22):6103-61 14 (human
serum al bum n); Kanmholz et al. (1986) Prot. Natl. Acad. Sci . USA
83(13):4962- 4966 raoka el al . 1), Mol.. Cell
Endocri nol . 75( 1)I£ %@dnna r?%?%&é%%&]? %J gﬁ’ PrREERWEs © b Tg ggermine

(1 act of er r i n§*ProRioHIFYel oben agfive pragp 3juchantitedics 281 § ug:dMNRORGOMe relative

301(5897) : 211431 leffididnS $ tlR@hRta& ona afl arqy . &t aI0 (1995)
ik » o }ﬁ%y%gﬁglgﬁ% %o?'at‘éde RZH n by

Mot . Biol. ?é itﬁ%‘géhe contents of

ref erence. I\?ﬁ’?”t & FIPRG Y BT reRIeria sobBingd 3figt anyredtie neathénn of ang

pol ypept i sle iasivepropinot ei N can be prepared with standard reconmbi nant DNA
t echni ques using a nucleic acid nol ecul e encoding the fusion protein. A '
nucl eoti de sequence encoding a fusion protein can be synthesized by

st andard DNA synmmasofmmmﬂsmelﬂmaam&mraémmt erm ni ng, I f An | nactive,
Protein Can Be S ure A canstruct can be
engi neered to exgﬁéegléﬁgﬁt#ﬁg‘g? ’l‘p\feesse-grpo"?é'fsr? ’?P@"‘?rﬁ Tegrethadsye

cul ture tranypenre mane@smmnves@gmctﬁmd extigpl Hoactivig @NepoRAShA BICt can be

l'igated ift QepromRat %eb@a@gy{ o The transfectjon can be
carried out Opu5| ng standard éaﬁlhnl ques énn%ceR%aSFgaSFa SERAT V& BYpl es of both
super nat ant and cel |_pell et can be obt ained. Since the tissue culture
systemis r ay lpagtive Praigindly Y epstd cs of the inactive protein can

qui ckly be det empraaﬂcanlbenmsg@mmﬁ@y@c%%mﬁ&nbéfom &%? gel nneed%hed t hat

an |nact|ve ée n Cﬁg be secreted and that an active .g., BWP,
can then be TR OLRS Rgjem-£ §r 2 Sleatian wie- E%@W&si}é@r@mqyﬁée@ysclmgea
const ructs wtﬁaph-mdmrm@omme@aﬁdm M @rdaf 10 bBthid tHePbrddfinRb1AE &Hm! BLG t he

cloning sit L JTBIRY, nd ession system such as a system which
i ncl udes gog’toq{)e%lggcasel nFﬂl'%rn O%ﬁ%‘:?h ﬁ ated by clegragdugger at e

transgeni ¢ rffeionTRiesrleavdzosis of oich meltilesgart H&entﬁiﬁﬁd a8E thartleabagk Beespbot ei n i nto

m k. 25 1N adikedRRecrdid? APBlaleOtaH- Bl BN TNl 220 He, NI el can be

noni t or ed.

was replaced with the chymosin 10 amino acid recognition sequence. The protein was secreted
20 unclipped and then processed in the test tube with the chymosin enzyme to yield the activated
protein. A similar series of experiments have been done with proinsulin. Preferably, enzymatic
cleavages are used that can function on the already folded molecules and which have the ability
to follow the activity of the protein.
An activation site of BMP-2 can also be modified such that cleavage does not occur
25  during secretion of BMP-2 and it is secreted in its pro form. By replacing the normal cleavage
site with amino acids of another recognition sequence (e.g., 2 recognition sequence which is not
cleaved by an endogenous protease), the pro-form can be cleaved following purification. An
activation site of BMP-2 has the following sequence: RKRLK. This sequence can be modified o -
provide a different cleavage site which is not cleaved during secretion of BMP-2, but can be
30  cleaved afier secretion using a proteolytic enzyme which is not nomally expressed in the specific
tissue or product.
Several exogenous proteolytic sites can be tried to obmiﬁ an inactive protein. These
inchude sites for cleavage by acid, ¢yanogen bromide, Factor X, or chymosin. By analyzing the

protein sequence, the potential sites can be designed. Various versions of a protein such as BMP
' 30




Met hods of Determ ning Expression Levels Wstern Bl ot Analy§| @Qg t he
assays descri bed above, enough material is obtained to test expre n

| evel s 30 using Western blots. The Western should be sensitive enough to
pick up the signal for the wild type protein being secreted. If the |evel
of expression is, for exanple, 10ng/L then the level of protein in the
assay would be 10ng/ul. By running IQul on in each well,100ng shoul d be
seen on the blot. 29 0 8 MAR 2004 In addition, a nonoclonal that is
specific for active nol ecules can be used to determ ne expression |evels
of an active protein. Such anti bodies can be used to nonitor the relative
folding efficl"&A8y” E}Favfﬁé“?éé‘t‘@tce@ﬁﬂmt@taeﬂwsmcﬂ&vbw@ﬂaﬁmaaﬂﬂuﬁm&imﬁpﬁci fic

for the acti vedduionfBé protei@ht 1 1 d RedeRibthe &r}ﬁ?:thgﬁh@%cﬁﬁ in an n%@n\zae(:t | ye protein
i s obtained aﬁg r enz mati c treat ment of inactive protel . VEthods of

Det er ni ni ng 't I%FIB‘é% PP B Cﬁlﬁiﬁtﬁpﬁewfw@a}eﬁwﬁ@pmem e poopr essed
proteins can ﬁﬁnmlaisﬂbeﬁstmoEH&Qtﬁa@{hE)OWVé‘ﬁbﬂmégHﬁa%nw Since the proteins are
i nactive agdthen tiv testing of bloact|V|t¥ of a protein can be 1o
per f.or med. “The bi JLEF T V‘f/pr@ﬁ’t’?l%“é‘p s the papypagy edaafliitipprefeabladstthe or in an
in vivo nodel addﬂrocdmtca\ramnefs narclda Gy isatein PioRised shncBihe M infJLEMB FRorethd iff 1A
protein can bg trapnsgenically produced in an inactive formby nodifying a
site needed or activation of the protein, e.g., a cleavage site. For
exanpl e, several [fmftrehlhﬁwraédqmualesltciselaam@mh théx dfpr@ciPinClded R i4n 20 O, 5€01 ON
of the proteifiif o 0 tive h proteins
i ncl ude the T%Ig G gr%% x&a‘Reo(BP e%ﬁcﬁcngm&\}ﬁ E:Fﬁr %X?Iél&&df \?&tt%%‘%ypr%tf”ég(’/"é’&e
during sé%re?’ﬁ‘féﬁmm‘l'ﬁ‘édscﬂnétaw&g@!wtsefe@ﬁd suihnuytiegiesigred scctan ohig themditf | ed such
t hat cleavageseéﬁﬂ&xﬂﬁbsmﬂ&%ng@%t@g secretion. For exanple, TG--Ji was
produced in which the KKRK cleavage site was replaced with the chymosin 10
am no acid recognition sequence. The protein was secreted 20 uncli pped and

t hen processed |nThdnexcctem:tfﬁieutaaragd&é@c&ﬁ&xﬁdﬂ&?&@&mm%lﬁ? li{v!etc@ixlaﬁ atle
acti vated p|r:?%$d9 %ﬂéblgl m | ar. .series of experi ménts have been do é
a

n
proi nsul i n. TERTYHADS @° auyHedpr S“&'l‘%‘”ﬁ%‘@c?%‘étlseéaﬁﬂtq}hﬂ:tl on on
the alreadsy frsptelods qipavedcamasssy ean (be ibrieddr blvastRity. Mewme lithiortant kdneh GA1h Qe t he

activity of thgRreLeh Sit BUT-2 can al so. be nodified
such that cl eavage oes uﬁ!ﬁ?e %g&%%%‘ Siak tﬁatg’@’éer‘%’tci BB ?‘Q‘gﬂ?ﬁe it is
secreted in 4l s@ethsurprogysed ewtealcfmrvgmtnbteamrdnwd Iz hddfiendeit is found that the

protein can be secreted into tissue culture as an inactive pro form that can then be activated, the

constructs can then be tested in the mouse milk system. The activation of the protein can also be
20 tested when it is mixed with mouse and goat milk.

Transgenic mice can be used to test the ability to secrete a protein in proform. For
example, modified BMP-2 DNA can be ligated into a goat beta casein expression vector, The
DNA can be used to generate transgenic mice that shonld protiuce the protein in their milk.
Moreover, control mice can be used which express wild-type BMP-2. Milk can be obtained from

25  representative lines, as well as biopsies for Northemn analysis. The milk and tissue samples can be
tested for expression of the BMP-2 proteins by Western analysis. Specifically, production of the
active protein in milk can be tested using the appropriate cleavage enzymes. The activation can
be monitored as was done txrith the tissue culture expression experiments.

Earlier attempts at producing BMP-2 in the mammary gland in active form resulted in the

30  inhibition of mammary gland development. Thus, the levels and effects of producing the wild

type as well as the novel forms of the protein can be monitored for effect on the mammary tissue.
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site wth am no acids ef another recognition sequence (e.g. Ugamﬁqc%? ition
sequence which is not cleaved by an endogenous protease), the pro-Torm can
be cleaved following purification. An activation site of BMP-2 has the
foll owi ng sequence: RKRLK. This sequence can be nodified provide a
different cleavage site which is not cleaved during secretion of BMP-2, but
can be 30 cleaved after secretion using a proteolytic enzynme which s not
normal |y expressed in the specific tissue or product. Several exogenous
proteolytic sites can be tried to obtain an inactive protein. These
I ncl ude si t e@rddosrios beaviagavdBtotis BY CoSHARBIBE Dr R B de, , Factor X or
chynosi n_ By anaISXzi ng the proteln Sequence, e poteht+a <
desi gned- Vari ous™ 7%} A &e wansgenipally paidices theh hﬁ&ivBM:‘rm%QchxgreM&B #£HR4 with
new cl eavagepstdesittAbin yalas nd.run them through the tissue
culture system Ir addf?fglpgn, ﬁﬁvﬁg%rg%t“gfn% n@ﬁ%“[fégfgré’ie@dl:f’fc?xm‘%ﬁmm
whether it i ¥ sé‘@{‘}h%tpé%‘mfiﬁanéﬁar%mriawig@mbezrfmmm &Q%.@e%ﬁﬁﬁg?}b&%{&ﬂt ant
and cel | pel ileti® panttedyt ested for the |evels of the protein. The pro-
forns can also b nges}ed to show that they have no biological activity. 5 -
If the inactive pfSterh<t aPRErasreedrisiedase fvmmmmien withahchindidg fréieiRy 8521 abl e
that the adeiztplorBVP prean/@nBe SblcQed 5 /0L serum prot eases since
the nilk has,serim proteins in&i?t _ at g@%ﬁk@% lg%rwélfrgfggfﬁethe :
additional site s Cleaved Sr&rtiHutto BYE 556 preesnhit from inteesing vigsihé Ragptoz0, 10,
5, 4, 3, 2,mﬂ1,cmmmmgmﬂoah:ehumi:ﬂ[ﬁ%ﬁ@ﬂ:&c&%ﬁﬂk&%ﬁomgﬁé@%& e, 1T an
active BM RIQlL&itinRaY Idd mdQ. g3t ra. am no acids on its ermtids is
desired, a site nmust be designed <o PrHredysidythe fnkemmpbe deagede sibevinghdr esent
fol | owi ng cl'&&¥ay@d BMRogisssatondherttyectleaMagEMS kBR8N, Be. %Eh%r ed by -
Vst er n analclkavable liBk&hiet ol obmi ntj body capable or recognizing the
acti vated pr.oélei.n such as a%?ﬁzgj}yéﬁﬂqogmﬂ%@&c&ﬂ%m‘éw?shWlbfiqqcurs
cl eaved, an QSEEY CHP WU FOMEhS ERsepioainilitint iy recbgnizéd by pr@ssiERAFAD 4 O T UN
W | d-type adtjtcvehpisatiminBeteh rRuaRivE BS e-~systemto insure that there is
no inactjsvathofd.s. taking pl ace. APS%%‘?%SE?%Q&I?’H%C“HW@%%‘H? otein for
activity canbfeﬂg;;g! i off1% "Tan. sychithat grecefsingrezyirhapredelidn thp &t ancan be
secr et ed i ne¢aveithedinslingpolypepeideafonitie ia i 4 .t hat.. can t hen be
activated, phigpepinstructs can then %gﬁog%ggéﬁﬁéﬁagh&ﬁg%ﬂécﬁﬁck system The
activation of teﬁe protein can also be 20 tested when it is m xed with nouse
and goat milk. T+BASBEPREnpraten bamsben baetdlie ckasioh 6 2R ti,ycbgce ecrete a
rotein i n PxpésSibAltan aodi fied BVMP-2 DNA can be 1 gated into a
goat betzgl cas gj 2 eXlIglE}gie;tie@OWn veg%%o \?’qﬁ-pnmngclona] an'\t/lﬁody directed to either the pr%tein or

o ¢ binding protern, ¢.g., either BMP or its receptor. The fusion protein can also be tested for

activity.
In addition, to obtain an active protein such as active BMP, the fusion protein can be

cleaved with the appropriate enzyme and cleavage can be monitored by Western blot. The

expectation is that the fusion protein will be Inactive until cleaved by the protease.

25 . C . .
A fusion protein which includes a protein and a binding protein can also be tested for its

expression in milk. The fusion construct can be ligated, for example, into the beta casein
€xpression vector. The vector can then be used to generate transgenic mice. These mice can be
tested for their ability to express the protein. In addition, the animals can be tested for the effect

of the protein on the mammary giand and the anirnal in general.
30

It is also possible to express the protein along with an antibody that is capable of binding
and inactivating the protein, For example, BMP and an antibody against BMP can be used to
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DNA can be used to generate transgenic mce that should produce the protein
intheir mlk. Mreover, control mice can be used which expBesaRwpi-t ype
BMP-2. M Ik can be obtained from25 representative lines, as well as

bi opsies for Northern analysis. The m |k and tissue sanples can be tested
for expression of the BMP-2 proteins by Western anal ysis. Specifically,
production of the active proteinin mlk can be tested using the
appropriate cleavage enzynes. The activation can be nonitored as was done
with the tissue culture expression experinents. Earlier attenpts at
producing BMP-2 in the mammary gland in active formresulted in the 30

i nhi bition of nannary gl and devel opnent. Thus, the levels and effects of

producing the V\% s wel |l as the novel forns of the protein can be
noni t ored f orP™®@ "F%B’f“’ e APgRThefY ofiftaey ean bagprsed MAYSxelplde adbidte on of

an | nactive PFyrokiistachBy BMP: E)hpéf&ﬁﬁdfﬂia aftfbody 3 BREOICRE cal\eroeBldadi B9 pProtein A

protein can be tragnsgenic roduc n an i pnactive formby co expression
of the protein wi agtwe me é{lg)P ﬁtaﬁtivéﬁgﬁv%?'&“erBF‘ﬁ‘H@]]‘P“G”%ﬁ@mFW%t es the

pr ot ei n. For @xmdplusng eforpxmpa Protenatolséiagivalghifld ¢ Mitbodg Bribieofand €cept or  and
| i gand, or ﬁg@m}l&og{c&gﬁeger The binding protein can 5 also be an
antibody. In ‘one aspec protein can be expressed as a fusion protein
with the binding ﬂh@bleﬂmg Prétin cangiipinglydeBMe2spane tuind adid@hibieis exqpeeas Rdhas a
fusi on proteiyd Lih SFQWMALRCERISN tion is that the.receptor
will bind to BNPgtadgcg "o event ?e ?frﬂgrrﬁc gfmac ermuéetaﬁef‘%gmt”é%%lﬂ?ﬁ?é in the
mammary gl ande@engevhichds ‘éﬁﬁﬂ"%! punﬁmon @é@pﬁu@mg ceritedbr thkeddibgprbtie/pRidh
through a to celpRattsexrphk®E s bl i AEIhLAYENAL RiliSo PrAdiiced. ¢ he

| i nker can be. cl eaved, 6%1\%38#6‘1“8 receptor and |ss Cclate and

thereby alli VR4 %S @LFF@MSF hm@%d%wéwd Qfﬁénalteqcéavmbldem#m nker

is not recogriigaeidd by an endogenous processi ng enzyme which naturally occurs
g y g p g y y

in the tissue or mthe G i.s recogni zed by

processi ng enzyrrejg‘r‘rl?o(rilwBﬂICIntl et a\W&i‘(‘)‘% ngg‘éi’h’r' ’rﬁ%gllyetf’glﬁ‘d?‘?f’e‘miuﬁéﬂ’fio\?@

pol ypepti de. Thus, the |nact| ve pol ypepti de can be 15 administered to a -

LTS e e A R R A, 2
activati nlj’ the t aPf&temog tha ft P‘ﬁ’(ﬂgﬁ‘g%r ot ein/protein fusions can

be tested for expression, for exarrpl e, in COS cells. Expression can be
tested by analysis with nonocl onal antibody directed to either the protein
or 20 the binding protein, e.g., either BMP or its receptor. The fusion
protein can also be tested for activity.
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In addition, to obtain an active protein such as active BWP, the fusion
protein can be <cleaved with the appropriate enzyne and cl eaﬂ/&gﬁﬁﬁa;fﬂﬂbe
nonitored by Western blot. The expectation is that the fusion protein wll
be inactive until cleaved by the protease. 25 A fusion protein which
includes a protein and a binding protein can also be tested for its
expression in mlk. The fusion construct can be ligated, for exanple, into
the beta casein expression vector. The vector can then-be used to generate
transgenic mce. These mce can be tested for their ability to express the
protein. In addition, the animals can be tested for the effect of the
protein on the mammary gl and and the aninmal in general. 30 It is also
possible to express the protein along with an anti body that is capabl e of
bi ndi ng and Whatibstciaia¢ding t he protein. For exanple, BMP and an anti body
agai nst BWMP can be used to 32 0 8 MAR 2004 produce inactive BUT. An

anti body of interest can be expressed in COS cells along with the protein
such as BWP. The bff&geseesfic sy#ten &mpirifogtion ofe (R palghdpidetidvi A bih SR qgfé

noni t or ed.s A@,ea,ggtg,ygo,pgrgg,gi n such as active BMP can be obtained fo Powi ng
expression wth an antibody using, for exanple, Protein Ato selectively
bi nd the anti body? FHF4PEAnER! hanee B its eabwi magivid abiddycodiogPeNvalcdiSin@ihg di Ng
protein can giie dnded oRtRd! &tta pr&Redr i.no aci d _which is. _exqgenous to
the bi ndi ngigg?)?ei n. Fo exarrpp:re, a%di?eg%g mos?lonc'ﬁﬁaf“ﬂ’ra’t)’ﬁ@’i‘heﬁﬁg?]l?de an
exogenous anm N R IRE T ITE Rl Rt desomprst A firbtdindjpg miofehyotiéhapeciticalyh e

bi ndi ng pr ot inds thesih@ubletepitopb bt Bider b Lo | ex. Far exanpl e,

t he addi t1ioon§1mi%m nQ. aci d se} ent?:lg ?gﬁfn%e%agﬁe9%%&@3}1{@91?%0?3,‘)\?}8%%l ected 10

| i gand such &s Lo oy 5 PIghtderely et ranresaie multinglenabindlegmolypeptisggand, or a
mal t ose bi ndérpeesekd aetiigh letelsgamilk of\fhy traQtpSnibidAdii g Pr ot ei ns can be tested for

their ability toQine angihphibit..a protein. Al patents and references
cited herein are “incor por at glgslcﬁndt%nel A ¢ dhemyivalepibinding palypeptide Ot her

“enbodi nent s REEHHY Bods-t he fol lowing clains. 33 0 8 MAR 2004 Wiat is
clained is: 1. A transgenic systemfor purification of a target polypeptide

havi ng a _bi ndabl itope, 5 the system conprising:
15 9. he SYStgm according to claim 1, wherein the bindable epitope of the target

polypeptide is removable.

3. The system according to claim 2, wherein the binding moiety of the multivalent
binding polypeptide removes the bindable epitope.

4. The system according to claim 2, wherein the system further comprises:

a second transgenic multivalent binding polypeptide comprising a first catalytic domain
and a second binding moiety which specifically binds a matrix, wherein the catalytic domain is
capable of removing the bindable epitope of the target polypeptide; and

25 a second matrix which specifically binds the second binding moiety of the second
transgenic multivalent binding polypeptide, wherein the matrix is different than the matrix
specifically bcusd by the second binding moilety of the first transgenic multivalent binding
polypeptide.

5. A method of obtaining a target polypeptide having a bindable epitope from a product,
the method comprising: '

contacting a product which comprises a target polypeptide having a bindable epitope with
a transgenic multivalent bir.ding polypeptide, wherein the multivalent binding polypeptide |
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a transgenic animal having in its genone a nucleic acidng?éoging a

mul tival ent binding polypeptide under control of a pro r FieRi 2064 di rect s
expression in manmary epithelial cells, wherein the nultivalent binding
pol ypeptide conprises a first binding noiety which specifically binds the
bi ndabl e epitope of the target polypeptide and a second bi ndi ng noi ety

whi ch 10 specifically binds a matrix, whereby such transgenic mnultival ent
bi ndi ng pol ypeptide is expressed at high levels in mlk of the transgenic
animal; and a matrix to which the second binding noiety of the nultival ent
bi ndi ng pol ypeptide specifically binds. 15 2. The system according to
claim1l, mhenginﬁ&ggﬁblﬁq?ble_gfi pﬁe of the target polypeptide is
renovabl e. 3. The &yStem acdsy Wéfc Feifissliybimds theiodediaerittne obthadirgey noi et y
of the nul ti welypertide biddiaogd hiodipegit deich GEBNABRY 5ilR a RaREARIR@PLIIRE, 20 4.
The system aggardi 9.4o claim2, wherein the systemfurther conprises: a
second transgenic nuPEfvaIent bi ndi ng pol ypeptide conprising a first

catal yti c domai n coupgung thexeasrieh kot with ammirixtwhichi3pee {fic A1) ©6idk ihe adchdd Hadagls a
matri x, r e e ﬂggE' i.5.. . capabl e of renoving the bindable
epi t ope 3?£tﬁ%ﬂ?%?§gf@g§%§%gﬁ%u ;hgﬁﬁﬁ§§m§ second matri x which

speci fically bi nd¥™PHEE Kadenaiimelirgdarpicebipd ofthetrivaixs e drdby binan g emtet

mul tival ent bubRgépage.pol ypeptide, wherein the matrix is different than the
matrix specifically be d by the second binding noiety of the first
transgenic nmultival ent binding polypeptide. 30 5. A nethod of obtaining a
target pol ypepti de. WheshégbiacddiddbabligmPD kAR QQH&% he ;get hod
conprisin%: ggngggtin? a product which conp??@gggggggﬁbet gﬁ?ﬁ@%??%e
having a bin api @%Phope with a transgenic nultival ent binding

pol ypepti de, wherein the nultival ent binding pol ypeptide 34 0 8 MAR 2004

conprises a firsty biad | et LC ecifically bjinds the bindable
epi t ope of the_té?getqu%?%%%g?ggémﬂﬂg”§g§ _?ﬂ?TWHﬂTW@ moi ety which
specifically binds a matrix. to thereby provide a reaction m xture;

contacting the reaectk9RmAA b4 ' tri mhicg speci.fical. bi nds the
second binding 5 moiety of th%g%fa??\%’a Snt BinaT R Y%%F‘%d%ﬁﬁnaié,dyand

9. The method according to claim 8, wherein the first binding moiety of the transgenic
multivalent binding polypeptide is protein L or a fragment thereof,

10. The method according to claim 9, wherein the second binding moiety of the

20 msgerﬁc muitivalent binding polypeptide is a cellulose bind domain (CBD) or a fragment
thereof.

11. A multiple animat transgenic system for obtaining a target polypeptide having a
bindable epitope, the system comprising;

25 a first transgenic animal having in its genome a nucleic acid encoding a multivalent
binding polypeptide under control of a promoter which directs expression in mammary epithelial
cells, wherein the multivalent binding polypeptide comprises a first binding moiety which
specifically binds the bindable epitope‘ of the target polypeptide and a second binding moiety
which specificaily binds a matrix, whereby such transgenic multivalent binding polypeptide is

30  expressed at high levels in milk of the transgenic animal;

a second transgenic animal having in its genome 2 nucleic acid encoding a target

polypeptide under control of a promoter which directs expression in mammary epithelial cells;

and
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removi ng reaction m xture which does not bind to the natrié, tpe t her eby
obtain the target polypeptide. 6. The nethod accordi ng t@8ca % furt her
conprising eluting the target polypeptide 10 fromthe matrix. 75 7. The
met hod according to claim5, wherein the product is mlk. 8 The nethod
according to claim5, wherein the target polypeptide is an antibody. 9. The
nmet hod according to claim8, wherein the first binding noiety of the
transgenic nultival ent binding polypeptide is protein L or a fragnent

t hereof. 10. The nethod according to claim9, wherein the second bi'nding’
noi ety of the 20 transgenic multival ent binding polypeptide is a cellul ose
bi nd domain (CBD) or a fragnment thereof. 11. A multiple animal transgenic

system f or obt ai ni mgrad-eigahe Lni PRML A& e aMhdGu1dy emﬂixﬂﬁy@ epi.t ope, the
system conprisi g, 25 2 first transgenglc at?li mal _lﬁaval] ng i1 n |pt%1§p'%3§1°orre a
nucleic acid ncodﬁng a nmultival ent binding pol ypeptide under control of a
pronoter which directs expression in mammary epithelial cells, wherein the

mul tival ent bi ndi pg tide conprises g first binding noiety which
specifically bi nd%' f“ﬁ‘gg%‘?dﬁ"ggfb‘?’%m%E)IgFgS‘p"@E'B?P“M@“P&? pjatabls spiase for milkahel a
second bi Adi mgthediapyisinghi ch specifically binds a matrix, whereby such
IR of the t rana e R R R o P SR SR ARG 1 1 LS
genone a nuc lraisgenganltvwivaiding Paiyp@ﬁ@eWherqjmﬂlypﬁmﬂdﬁbium@;so]ﬁﬁmde ol of a

pronot er Whi gdingHsdsQGirs bBURL 8S51 iy i{.helial. cells; and 35 0 0
MAR 2004 a nat#?této mhichgthebggggﬁﬁ in ?%6§ﬁ%§g%%k5?mT%gl flval ent

bi ndi ng pol yPUBREPEfE andpiscondibeding pojspyrihich suepificalybiidhouatot, toitabyyiroxdes t ar get
pol ypept irde ratiohghbaurki ndabl e epitope frommlk, the 5 nmethod conprising:

contacting mlk which c rises.a target polypeptide having a bindable
°°“‘““%§’?Eea?ﬂ3{‘ FXRE B1 2 Bt high metifiqsBybindsahe spdvad binding he

epitope with a trans
mul ti val ent bpindliofitye pultygepbindies pdnigide;sas a first binding noi ety which

specifically bindg,d B Ot QAR Ere SR 90E 1St Qoe the x%g.t%g,tﬂ-;e thereby obtain the target
polypeptide.
15

13. The method according to claim 12, further comprising eluting the target polypeptide
from the matrix.

14. The method of claim 12, wherein the target polypeptide is a transgenically produced
20 polypeptide.

15. The method according to claim 12, wherein the transgenic multivalent binding

polypeptide is present in milk from another transgenic animal.

25 16. A transgenic animal having in its genome a nucleic acid encoding a target
polypeptide having a bindable epitope under control of a promoter which directs expression in
mammary epithelial cells, and a nucleic acid encoding a multivalent binding polypeptide under
control of a promoter which directs expression in mammary epithelial cells, wherein the
multivalent binding polypeptide comprises a first binding moiety which specifically binds a

30 bindable epitope of a target polypeptide and a second binding moiety which specifically binds a
matrix.
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pol ypepti de and a second bi nding noiety which specifically binds a matri x,
to thereby provide a to reaction m xture; contacting t h8Br &d6t 28 ni xture
with a matrix which specifically binds the second binding nviety of the
mul tival ent bi ndi ng pol ypepti de; and renoving reaction m xture whi ch does
not bind to the matrix, the thereby obtain the target polypeptide. 15 13.
The met hod according to claim 12, further conprising eluting the target
pol ypeptide fromthe matrix. 14. The nethod of claim 12, wherein the
target polypeptide is a transgenically produced 20 polypeptide. 15. The
met hod according to claim 12, wherein the transgenic nultival ent binding
pol ypeptide is pres§ppAinmq§%k from anot her transgenic animal. 25 16. A
transgeni ¢ ani mal halihgPH ¢ PR2goa s pctPolReTids haviae ¢ bindahle spitong the methaget

pol ypept i de havemprnsingbi ndabl e epit ope under control of a pronoter which

directs expression jn. . epithelial |ls,. and a nucleic acid
encodi ng a nultivaIgﬁPdﬁgﬁﬁﬁﬁén%gfﬁgﬂﬁfwﬂﬁﬁﬁﬁ%%¥M;control of a pronoter
whi ch directs expressiaotngite mkmitinymaeivhislspaificaie bings thodtesn8ibhdinB Soiety of

mul tival ent bi pding,: Mﬁﬁﬂgi i;ses a first binding noiety which
specificallf b?%ﬁgggﬂgﬁ bin éﬂggﬁg%$%gpe of a target pol ypeptide and a
second bi ndi ng noi e¥§ovRg ¥ Pepercefitieguilkiwhidbidng sotdbindnmhe inxrix, 36 BerSoyNbRiI2 004
17. A . et hod efe tbdiabipheptded target pol ypeptide having a bindabl e epitope,
the nethod conprising: providing mlk froma transgenic animal of claim
16; contacting the mlk with a matrix which specifically binds the second
bi ndi ng moi ety of & tthemetdddrviaherit fubhdd SbiiG;si Mol . &Novi ng any
portion of }he i1 k which does not bind téﬂ?ﬁggﬁgﬁgﬁ%fg?ﬁgaﬁ%gﬁgggmb%?ain
t he target 50I§B tide. 18. The method of claim 17, further conprising
eluting the target polypeptide fromthe 10 matrix. 37
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