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HETEROMULTI MERS CROSS REFERENCE TO RELATED APPLI CATI ON This application is
a conti nuapiossidons part of U S. Uility Patent Applicati onpPCc@a/o21458214,
filed August 1, 2001, pending, which is hereby incorporated herein by
reference inits entirety. TECHNICAL FIELD 2 This inventionis in the field

of i munol ogy. Specificall the invention relate he generati on of
chinmeric heteer&oﬁﬂ%Wgﬁgngﬁﬁgﬂ%ﬁﬁééﬁ ré'ﬁ'@’l units
usi ng uni que het er odi neri zat i onHFARROVEELTIMERS nvention also relates to
the generation of single-chain antigen-binding units stabilized by the
subj ect heterodinerization sequences. The conpositions and net hods

enbodi ed in the prese@ROSREFERENGH CORELATBDAPRLICHEFION f or i denti fying
antigen-binding units that are of major diagnostic and/or therapeutic
potenti al . BACKERMRidEHT Hea ¢oviEnE cBNnZparrifi b8 dUEHtyRaténtppligitibul i ns are
mol ecul es that recognize and bind to specific cognate antigens. Because of
thei r excl 0802k 14hdded Aogust &s20Enpérdang, sdichda beteby ingorgeratad Rereindial

anti bodi es, have been widely used in the diagnosis and treatnent of a

vari ety ofefétraneerindissatiscéss. 4 The basic i mmunogl obulin (Ig) in vertebrate
systens is conposed of two identical light ("L") chain pol ypeptides
(approxi mately 23 kDa), and two identical heav ("H') chain pol ypeptides
(approximately 53 to 70 kDa). ThelEGHNICALHKELR e joined by disul fide
bonds in a "Y" configuration. At the base of the Y, the two H.chains are
bound by coval &his inyestipp igia the ﬁklégééﬁmﬁgogy-agﬁeqﬁ@hﬂi%1%‘f38t18‘? fﬂ%?szed in
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generation of single-chain antigen-binding units stabilized by the subject

heterodimerization sequences. The compositions and methods embodied in the present
invention are particularly useful for identifying antigen-binding units that are of major

diagnostic and/or therapeutic potential.

BACKGROUND OF THE INVENTION

3 Antibodies or immunoglobulins are molecules that recognize and bind to specific
cognate antigens. Because of their exclusive specificities, antibodies, particularly
monoclonal antibodies, have been widely used in the diagnosis and treatment of a variety
of human diseases.

4 The basic immunoglobulin (Ig) in vertebrate systems is composed of two
identical light (“L”) chain polypeptides (approximately 23 kDa), and two identical heavy
(“H”) chain polypeptides (approximately 53 to 70 kDa). The four chains are joined by
disulfide bonds in a “Y” configuration. At the base of the Y, the two H chains are bound
by covalent disulfide linkages. The L and H chains are organized in a series of domains.
The L chain has two domains, corresponding to the C region (“CL”) and the other to the
V region (“VL”). The H chain has four domains, one corresponding to the V region

(“VH”) and three domains (CH1, CH2 and CH3) in the C region. The antibody contains
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1 WD 03/012069 PCT/ US02/ 24582 two arns (each arm being a Fab fragnent),
each of which has a VL and a VH region associated wth each other. It is
t hi s pai rwofo3vi2oeqi ons (VL and VH) that differ, from one PamttuSbneiss: o
anot her (due to am no acid sequence variations), and which together are
responsi bl e for recogni zing the antigen and providi ng an anti gen-bi ndi ng

site. Mre tVéODa?fﬁ‘%fé%a Al ¥ be RGN ﬂ%%e%@ﬁchf@%ﬁ%}f%%fag@%m §YH 1egion |

conpl enentarity ermni ng-regi on separ our fra

regions (FR) S(t)(%-%gd iR eﬁcﬁ’l&ﬁﬁlt. h?is%ipﬁ\f%?ivaggg)ﬁg g?% glng fglﬁ)ﬂﬁat\ﬁ?ﬁé@%ﬁieom

regi ons, an performthe criti ant i uncti on.

regi ons ar ey f{biy RFarofRF dRRY aRPACHED &lqueddVatialiénsy, el SEEStogEBefars ONMP! eX
process involving reconbination, nmutation and seléction. 5 Research in
recent yeargshasibitefop febpritig thdhaitideh and pReidifn awintibehibittingsigNtMeRN can
be perforned by fragnents of a whole antibody. Exenplary antigen binding
fragment s agpecificallyt, kechFdbedioagmaade wgofismshiiea gompletdeatavity détttmitingaegofHl
dormains; (ii) the Fd fragnment consisting of the VH and CHL domains; (iii)
t he dAb fr a@BR)sepaated by fBur fBameworklregionafFi) e Thd CDRB 4 dre3UEmO 38 8ipbletyiacth
consists of a VH domain; (iv) isolated CDR regions; and (v) F(ab')2
fragnents, of the variabte regioagraad theyopeptormitheycritival matigen findimgtinstion. ikedCBR a
di sulfide bridge at_ the hinge region; and (vi) the Fv fragment consisting
of the VL aisgiovragsierived from man prismiah gerbingseqHeRceHBIG\R COMPEERRIOEISEgent
Is the smal) est, functignal unit required for high affinity binding of
antigen. 6 ‘oNelvingTerorabinaton, guiationigd selgetiaody fiel d has been to
reconstitute a vgst diverse repertqire of i obulins that m pmcs the
ool obul 1 pRgeatth EEfrSaisal Top Rty teBRton Mophintie fubeei
generally h | exq L ng. f 0 13 I_SI1 NGt. ..
I mmunogl obul’i nbgp%ﬁﬁgngﬁéﬂ%ﬁgérﬁ%ﬁég agvli}gﬁ]aégs%& érl%)gelmrpéargoaﬁfl ngbrlrel%lpgy
facilitate . d i fal ' ' ' | i : | e of
|t eracti ol Ra AR ARl SR AERGE L 9L, VITHI T ARSiRERAY ° 0
producti on @b FaYfdnnf &RRIsHRAL bEHBART abd @filldopRdhd: il aRUAPARSIEH (Wér&,h?
| ack of a stabiliZing nmeans Tor assenbly of the "mhnimal functional unit,
nanel y the EVS.fer abeithire 341, 544-846VE1089kARI0N cBhdéts 6 VM ddigaidy (iv) isdlakd t he VH
and VL regions, when expressed al one, have very |low interaction energy
CDR regions; and (v) F(ab"), fragments, a bivalent fragment comprising two Fab

fragments linked by a disulfide bridge at the hinge region; and (vi) the Fv fragment
consisting of the VL. and VH domains of a single arm of an antibody. The Fv fragment
is the smallest functional unit required for high affinity binding of antigen.

6 One major challenge in the antibody field has been to reconstitute a vast diverse
repertoire of immunoglobulins that mimics the immunoglobulin pool in the human
immune system. Such a repertoire generally has a complexity ranging from 10 to 10"
distinct immunoglobulins. The generation of such a repertoire would greatly facilitate
the identification and production of immunoglobulins capable of interacting specifically
with therapeutic targets. However, the design and production of such a repertoire has
traditionally been hampered by the lack of a stabilizing means for assembly of the
minimal functional unit, namely the Fv fragment. It is a well-known problem in the art
that the VH and VL regions, when expressed alone, have very low interaction energy
(Glockshuber et al. (1990) Biochemistry 29(6):1362-1367). The two components

dissociate at low protein concentrations and are too unstable for many applications at
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(d ockshuber et al. (1990) Bi ochem stry 29(6):1362-1367). The two
conponents dissociate at |ow protein concentrations and are too unstable
for many wppBiotamse ons at 2 WO 03/ 012069 PCT/ US02/ 24582 physiraisoze4sat body
tenperature. It is also a |long-recogni zed technical obstacle that |arge
proteins, such as whole antibodies (albeit extrenmely stable), do not

t i.able | . he .h | J h '
Construct | BRSBIOREHIGHY yrareraie 1 A dsPadne respepesd JeshPer FRAH M 19 £
Mo tly,. th . h . t tabl e VL
and Vit comnb ey SR RGP BRI OY RebRT e D IRREA B SR 2
and _ VH coftdes: b . S "ear's er of
tochni ol AR REC 1 RBERRY u B8 thus PRl o U BB IG St AT e o

connect th : difidagl e-chain ("scFv") (Huston et al. (1988)
Proc. Natl gnt}l\cgg%%}:@l&r@%e% A 5:5879-5883). Wile the resulting scFv

exhi bits subst agjdakec@Ally, 988 Bpptdhdies Bevd bech Yievélfedab lgendthte BBlee¥L andn be
made as single chains and still retain high binding affinity. (Huston et

al . (1988) viPesfplert |Hovsef cadCof thédeSedhnififos beatOa nBMABer Glintrimsic et al .
(1993) Biotechniques 14(2): 256-265). In part, this is due to the

i nt er f er entiminfiohd sidatons ef tlencdscunivichtsttheafardnaptionediecltiiend byidless. The
second approach involves inserting a pair of cysteine residues in the VL
and VH r egicompletedy.gEhefimt epmoathsisks & peptislodimker tatsonnecs thefYL andj ¥, as)a
(Brinkmann et al. (1993) Proc. Natl. Acad. Sci. U.S. A_90( 16%‘# 7%&%— 7542) .
The i ncor peingteechaiti €a¢iv "y EHustomu g1 9%DRverNat. dcadaca Y-8 A8Re8 79 B3 ng
conditions _in many host cells. For instance, {).n cytosol of ﬁhmfﬁ:"d t he

i nt er - mol e Vil the resyltimeseF y e¥hibitssubstantialiapt gen bindingactyitg pgii odfefe v
and VH conpl ex. reover, this thod typically requir - di pensi I
struct ural PhPeFRAE ALHIYF ci“HBS E%ﬁff&ﬁéﬁ/&@ﬁg’ﬁﬁ%a@ﬁ&?@Hé"%ﬁ@e@?ggﬁai ris
inserted in, a roper a i ph bST. WPL hawdi vt .
Because t herae dTHEAGTERaT Ul Baks ShE5RyhER: ot gPogy) Bty

ant i bodi es 4 ' el | o6 &l L L and is
parti cul ar @g@ﬁ?tﬁ?‘\é%“f %ﬂr?é %rﬁl? ?E‘%@’gqﬁ"ﬁ%‘?@é é():if)l%dskﬁ %:qtﬁis%dr??%tgg%%%:l?tg fly for

construct i ng, AN LRAINHE SRGLE ApprBaciialbNedink& Ry B paRlof systdiirdsitiuedinahpr oach
VL and VH regions to generate a disulfide-bond stabilized Fv (“dsFv”) (Brinkmann et

al. (1993) Proc. Natl. Acad. Sci. U.S.4. 90(16): 7538-7542). The incorporated disulfide
linkage, however, is unstable under reducing conditions in many host cells. For instance,
in cytosol of E. Coli, the inter-molecular disulfide bond is often insufficient to stabilize
the VL and VH complex. Moreover, this method typically requires 3-dimensional
structural information of the V regions to ensure that the cysteine pair is inserted in a
proper place without disruption the binding activity. Because the 3-dimensional
information of vast majority of the existing antibodies is unknown, this approach has
little practical utility, and is particularly unsuited for antibody library construction,
especially for constructing antibody repertoires derived from B cells. The third approach
for stabilizing the VL and VH regions utilizes the disulfide bonds native to the CH1 and
CL domains. This method proceeds with grafting a disulfide-bond linked CH1 and CL
domains to the C-termini of the VL and VH regions in order to reconstitute a Fab

fragment. While the resulting Fab fragment is generally more stable and often exhibits



for stabilizing the VL and VH regions utilizes the disulfide bonds native
to the CHL and CL domains. This nethod proceeds with grafting a

di sul fi dewbmaai1dosmked CHL and CL domains to the Cterm nipCoafusphizes®t and VH
regions in order to reconstitute a Fab fragnment. While the resulting Fab
fragment is generally nore stable and often exhibits 3 WO 03/012069

PCT/ US02/ 245582 BinhigTathiiRtihBg sy, b ik BBAmALHY higkabydi Sxitelsi i@l f or

hi gh | evel expression an anti body repertoire construction due to its

| ar ge si ze anfbddgrbperididicoBsthiebh dile fRiBaReaszet hat form coil ed-coi l
structures have al'so been enployed to assenble nultival ent anti bodi es.

SpecBfical |y, UCSrtafatisetizddon seqitddeshd foflaseilédesil arhgpeliveialsofean’ ) 2
het er odi mer |inked by the Fos and Jun | eucine zippers. The Fos and Jun

| euci ne zi ppelayedteassehbleahdtisalemrantibddise gbeoifeallik i08nPatent No. e 332ck8i al | y
form heterodi ners. However, they still exhibit significant propensity to
f or m honodidasstibesimbligpecping B(abl o heterndirnerf linked by tiat Fosoasl Jumrdéusimeatippers.

physi ol ogi cal body _tenperature (O Shea et al. (1992) Cell 68: 699-708;

Vi dal et ailhe Fosatd Jipy lgacinpgippers agavell-chpctetized sagyencemkifaatto t he Jun/ Jun
honmodi ner is so stable that formation of Fos/Jun_ _heterqgdiner in_vitro
requi res dP ﬁ&?‘é&llayof]ﬁn% etepdingrs ﬁﬂwqﬁ'smy@fl grhibit signifigant propgnsity to

P 5o R NG St Ty B
(ee. e g. iRl SRa 2ar (1 st o BTk Vil QT 1B P ad AL
et al : (19%@1) U%;.Q. N IxNPatc{ 'tlgéa‘.ﬁﬁ’t(/i.]unsl'ﬁ%n (Mn i'g‘)so t\Qpiel at t%)matﬁﬁ'o?%?ﬁﬁn of some

honodi meri zat i on propensity nmay no Pe "ot SUBSTant T al concerhror t he

product | on helerqRirhér i hr 2 lahibskisREHOR B RGP AORBEI by Tl RBHSIB! | ¢ Tor

anti body repertoire construction, where high efficiency o

het er odi m&é@@ﬁé@@ithgtm%%pto&hm%ﬂﬂn?ﬁ@ (5RAT SNPatkst NEH91 0,893 cHusi Hgndsr om Fos
and Jun | eucine zippers, U S Patent No. 5,824,483 by Houston et al.

descri bes BE87cU Patent Nons,052,a48, eshinnal ®linel 15-30r aVierakstedin web, ®ott
di nmeri zation peptides. Houston et al. proposes that the library is useful
for identi s aud Jurpyieldplepctathbe amhduatts oShonaahiinks (sde, et erlamhil Aglirspddi43iafal | y
with a selected macronol ecul e Ii gand such as
U.S. Patent No. 5,932,448; and Vidal et al. (1996) Proc. Natl. Acad. Sci. U.S.4). While
the existence of some homodimerization propensity may not be of substantial concern
for the production of a single antibody species, such propensity is problematic for
antibody repertoire construction, where high efficiency of heterodimerization between
VL and VH regions is required.
9 Aside from Fos and Jun leucine zippers, U.S Patent No. 5,824,483 by Houston et
al. describes the construction of a combinatorial library of coiled-coil dimerization
peptides. Houston er al. proposes that the library is useful for identifying a polypeptide
that is capable of interacting specifically with a selected macromolecule ligand such as
antibodies (see last paragraph bridging pages 8 and 9). Apparently, Houston et al.
concerns the selection of “antigen peptides” that bind to targeted antibodies, rather than
the construction and selection of target antibodies. Focusing on an entirely different

purpose, Houston ef al. does not describe or even suggest the use of coiled-coil

sequences to generate stable antigen-binding units.



anti bodi es (see | ast paragraph bridging pages 8 and 9). Apparently, Houston
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anti bodi es. Focusing on an entirely different purpose, Houston et al. does
not descri be or even suggest the use of coiled-coil sequences to generate
st abl g, ant i gen- bindi unj 4 V\0.03/.01 PCT/ USO2/ 24582. 10 Thus,, t.here
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ant i gen- bi n@Rgentil dntigLibihdaty (RS AH 8B4 fntibdARindMe Wit RSB nordsthjgoul d

preferably be smaller than a Fab fragment to allow’| arge- scal e production
and effi ci efibn gh FPIfRgmet) bt ROEIdPLETeRRbR/be WindlRk thandHal fRlgiRnER AR wARrgR-
bui | di ng bl ock for constructing nultivalent and/or nultispecific

ant i bodi es. schlerpdesientand efficii displayaSush hetipehibisding asid sroalichly Ryvedss

rel at ed advantages as well. SUMVARY OF THE | NVENTI ON 11 A princi pal aspect
of the presaildingbledk faronsnicting dedtivgibent indlot mahispepifc amtibodiep.eThé present
assenbly of nononeric polypeptides to forma stable heteronultinmer. This

t echni que oihvemtosrsatisfiasithese ngedscdud providdésaelatcdtadyvangagsis g wellr oughput
production of functional heteronmultimers and avoi ds the assenbly of
undesired honodi ners. The nethod is particularly useful for generating a
genetically diverse repertoire of heteronultiners such as anti gen-binding
units. The technique can readily be adapted to a variety of "genetic

o S
0245515, "oos0t0s” TsBBTabESlRaH S L RalS Rln St ot ‘meq1%900'5144,
cPo360c54. WIBSRUIOTy VHSIAIASR: AR HOROTOR A0 Do by

ant i gen-bi nding unit asse i'ze alrw se arfi nity

of a di stingbhhgud oftHetdtShbltRokrPREdueabh Pe[&il?t%&‘ﬁ%ﬁ%ug it pRodueiior ar €

distinct in that at |east one nenmber of the heterodimnerization pair is
essenti al | yfinggaRdbéterodtultimers and avoids the assembly of undesired homodimers. The

method is particularly useful for generating a genetically diverse repertoire of
heteromultimers such as antigen-binding units. The technique can readily be adapted to
a variety of “genetic package display” technologies that facilitate the selection of
antigen-binding units possessing the desired binding specificities. Such genetic package
display technologies are detailed in U.S. Patent Nos. 6248516, 5969108, 5885793,
5837500, 5571698, 5223409, 5514548, W09005144, EP0368684, W009201047,
WO009311236, and WO09708320.

12 The subject antigen-binding unit is assembled and étabilized by the pairwise
affinity of a distinct pair of heterodimerization sequences. The sequences are distinct in
that at least one member of the heterodimerization pair is essentially incapable of
forming homodimers under physiological buffer conditions and/or at physiological body
temperatures. In certain embodiments, the stabilized antigen-binding unit not only has a
molecular size smaller than a Fab fragment, but also exhibits the required binding
specificity and affinity. Moreover, certain non-single-chain antigen-binding units of the

present invention bear higher binding affinities than the corresponding conventional
5



form ng honodi mers under physi ol ogi cal buffer conditions and/or at

physi ol ogi cal body tenperatures. In certain enbodinents, the stabilized
ant i gen- bwodBfgoonit not only has a nol ecul ar size snal | @cTtusam48%Fab
fragment, but also exhibits the required binding specificity and affinity.
Mor eover, certain non-single-chain antigen-binding units of the present

convent ?Sﬂé’éﬁ‘é‘ -o@b%ii@?%%%i@@ o eiadispadteaince BEERERRY Al o
vent | ondPes TS/ basntPor Mssr B . .
[ Toraty contRaRrb st arut st ASaPE b Rt SRRl RO RBRL

anti gen- bindi 4ni.t..ser L i1 gl I tival ent
and rul ti sB@?ﬁWe}%‘%&éﬁ‘é u?nﬁ ﬁgﬁ(ﬁ%%se%&]ﬁ@éﬁgﬁﬂ %ﬂ?“&%@g‘gﬁk i nvention
provi des a;pRoRmshBGligschai n antigen-binding wunit conprising: (a) a light
(L) chain polypepti cle conmprising a light (L) chain variable region fused
to ajgirst het eggelif®dliy? el REeACAVEROR; préBlesth RN gle dhaidhatiferPbinigpt | de
conprising a heavy (H) "chain variable region fused to a second

het er odi Negh# bmPHsing:q@) e gk, (LYo polypéstide cotprisingrdighb €.)kdhainaraniable

pol ypeptides dinerize via pairwise affinity of the first and second

het er odi nerdgiat fised wenfisthasiodandizatien siquemte; (b adteawn@)odhaint rdypeptide

het er odi neri zati on sequences is essentially incapable of formng a

horodi ner womerising hysa i @i cbain vacitbleregiomflised trasesand beterpdimgrizetion ogi cal
body tenperatures. Preferably, both of the first and second ,

het er odi neséqugnéas whseein thede ehain andsihe dhehain pelyportidpndimerige Via RNy

honodi mer s under physi ol ogi cal  buffer conditions and gt physi oﬂ ogi cal .body
t enper at ur @ginitypfithe Hrsh Cﬁ‘%‘b@‘?ﬁ?@d{%lzﬁﬁ*%we‘?%%@iﬂ%r%? Y 66%918 of

- Si | e- i tigen- binding.unit . i Si : . l,i ght,. (L hai
ol ypenti au e RBeraaton segnancer s o ATy Darairar bRhing s Heiaibetuies [
het di i zat, ...(b h . i i i Si
nheavy ( HPrERdloBRa R RES iR mActaE il El Dol ArRERY, PRAGEERY 1 "0
airwi se aPPh e BT aint S pARRqIRE iGN R AT HRARLG Ry ShodptIEEE o'
whi ch are  forming homodimers under physiological buffer conditions and at physiological body

temperatures.

14 In another aspect, the present invention provides a non-single-chain antigen-
binding unit comprising: (a) a light (L) chain polypeptide comprising a light (L) chain
variable region fused to a first heterodimerization sequence; (b) a heavy (H) chain
polypeptide comprising a heavy (H) chain variable region fused to a second
heterodimerization sequence; wherein the L chain and the H chain polypeptides dimerize
via pairwise affinity of the first and second heterodimerization sequences which are
derived from heterodimeric receptors. In one aspect, the first and second
heterodimerization sequences comprising heterodimerization receptor sequences that
mediate heterodimerization of the receptors. In yet another aspect, the subject
heterodimerization sequences form a coiled-coil dimer. In still another aspect, the L and
the H chain polypeptides dimerize via non-covalent pairwise affinity of the two
heterodimerization sequences. Preferably, the L or the H chain polypeptide further
comprises a flexon that is flanked by the variable region and the heterodimerization

sequence. Both the L and H polypeptide sequences may be derived from human L and H
6



derived fromheterodineric receptors. In one aspect, the first and second
het erodi nmeri zati on sequences conprising heterodinerization receptor
sequenceswDliaw1206edi at e heterodi neri zati on of the recept oPE€T/USN2/94582 anot her
aspect, the subject heterodinerization sequences forma coiled-coil diner.
In still another aspect, the L and the H chain pol ypeptides dinerize via

B o or abl y Sheibie 10 Brtengabibes e et medt oo i Sl BSIRENCES.
that is fl d. th i_abl i i i i
seguelnze. %81 : ‘Pﬁéd‘tcegﬁé%ﬁ‘%gﬁ @%‘Eéﬁg‘% %@@gﬁ%@é@%@;gﬁeﬁgéé‘%@%ho? rom hunan
he?g(rjogi ?mﬁ%‘%%{lﬂéﬂ%gg eH&@?/ﬁé%ﬁ-s&?zPé-%in aiﬁi%eg-rﬂillﬂﬁﬁg 8hifhhy BE the

ant 1 gen- bi nding units, cysteine residues can be 1ntroduced

to provide,di sti£ide ARG eReTHEF thal B nidrospecHldod MBIISREIN Preferred

het er odi meri1 zati on sequences. The non-single-chain antigen-binding units
may be  nMORANEHBETCc Nbulakd biRICETY, trishBé¥ic BRY tdh@spaeifsmekiles: or o

mul ti specific. Preferred miltispecific Abus are bispecific, trispecific
and tetraspeci f i£a §&jaeae b@bodihient, iheapraepaimieati@nfrodideeasingtehthajr anigan-

i nvention provides a single-chain antigen- binding unit conprising a |ight
(L) chain bhaidiglt copgprisngatightt (hpeham yidjabbduzgioneadiadishey (Hedhabrvarishleect ed
by a first and a second heterodinmerization sequence spanning the distance
bet ween t heegibrt emmiected byh fostendfa sebamdrhstgirodinmenizatinn sequencaispangingfthehe ot her
region, wherein the two regions forman intra-nol ecul ar dinmer via pairw se
affinity oNlistangebetween thafd-teravnwscriipae of theitaeirn sathedrierminus i dhe othely wher ei n
at | east one of the heterodinerizatiaon seqyences,.is essentjal . ncapabl e
of T o ng TaEi it G ANUREIOph SPGBl SHmEERA PESITe EPORE o

hysi ol ogi cal _bod es. . Pref bl h_of fi d d
net r oal me R e gL Hanaioey o al B opb Sheg " "

di der physi ol oai cal .buff er 1] ' hwgal bod
Cempor at ur dEeimPreR R S el bR Al LRBR BEET Doty

si ngl e- chai g ﬁ@%igﬁmlﬁké}%hﬂ&ﬁoh@&fd/og}ﬁ??ﬁrﬁ%iiéioéigﬁ bty Wfipeyhtufedd PRIErabRYL M an

i ntra-mol eCuVar giier via pairw se
both of the first and second heterodimerization sequences are essentially incapable of

forming homodimers under physiological buffer conditions and at physiological body
temperatures.

16 In another aspect, the present invention provides a single-chain antigen-binding
unit, wherein the VL and VH regions form an intra-molecular dimer via pairwise affinity
of the first and second heterodimerization sequences which are derived from
heterodimeric receptors. In one aspect, the first and second heterodimerization
sequences comprising heterodimerization receptor sequences that mediate
heterodimerization of the receptors.

17 In yet another aspect, first and second heterodimerization sequences form a
coiled-coil dimer. In another aspect, the first and second heterodimerization sequences
dimerize via non-covalent pairwise affinity. Both the VL and VH regions can be derived
from the corresponding sequences in a human L and H chains, respectively.

18 Both the non-single-chain and single-chain antigen-binding units can be
conjugated to a chemically functional moiety. Exemplary functional moieties include

but are not limited to signal peptides, agents that enhance immunologic reactivity, agents
7



of the first and second heterodi nerizati on sequences which are derived from
heterodi nmeric receptors. In one aspect, the first and second

het er odi r®0iozat1a06n sequences conpri sing heterodi neri zat i EATIESOEPLSEY
sequences that nediate heterodinerization of the receptors. 17 In yet
anpfhgr aspect, first and second heterodinerization sequences forma

coi | ed- coi

| di.ner. In another ect, the.first and second .. .
net er o et BeliHe ceeRliedas sofld MmO e VRACIPE SR P B RGP difieTs: 19Tn ¢ .
ot h the VL and . VH.regi ons can. er] fromthe correspondi ng sequence
in a hurrﬁnfl{‘?fecgglbléi{ibfﬁsaf?fginagtéeﬂgg%eﬁjs\?é‘%. " Both the non-s!ongl e-ghaiﬂ and >
si ngkg-chain an - L& J ] ]
r_un_chf'gnal o, o [P Hohe Rl n ERlREs cGRIRUOR B e sERET TR
imted to,si t g y (G | GABRSiC¥ptbY |
agents 7 V\B%B%}g?glggﬁg% ?Bugch%}%{%ﬁe gﬁéﬁgﬁgf aciﬁ!t[égte%egggg??ng toﬁegy%g?/i d
support, vacekReticas! Mdrs Préfélﬁblg,sﬂ’l@ T e HeedodihRFisatidndéihce idaikedtabl e
| abel s, paramagnetic |abels, and drugs. 19 Preferred heterodi merization

sequences eadiaé RHuesaidBrss kb @dimaivatige botpridngg GABAS secapter der i ved from
C-term nal sequences of GABAB receptor 1 and GABAB receptor 2,

respect i vepylypdfitide affaefeastal amino heid fresidues et év exséntielly identioal te edjnearce i s
linked to a cysteine residue, said first heterodi nerization conprising a
GABAB r eceptptide sequency pépimptradé length depiatedd SEQ MB NQi 4 apd diedgeend: hat i s
essentially identical to a linear epti de sequence of conparable |ength
depi ct ed i hetsrdimerizadon3equener Eﬂ@kg‘gtﬁbﬁnwﬁ%@ﬂé&%rﬁé\disfﬁ?ndon sequence is

| inked to a cysteine residue,, said second heterodiperizatio onprising a
GABAB r ecepelstodzmeizafion spmgesigg aFABog LeCeBiPr £1RONPCP n&‘? ?itzarti%aﬁgifg%‘n% t i
essentially jidentic to a |linear peptide. sequence of co rabl e Igngt?l
depi ct ed i Acidgest ‘E?S%t 1%@889{}%8@?5‘;%%\9&'5 ,aq{nﬁ%rchqpﬁg? SqEUPUEEHCREPRZRIS on
sequence i i nke 0 t.ehn Si i i i i A
Seauence | Senolb Eted B GrGABOSOTE, SR Gar 3R ik blBloaiBatth et
compar abl ¢ Thsc, B SEEH Bile SRR At lomAREl £ 6ADAHERGFor

2 polypeptide of at least 30 amino acid residues that is essentially identical to a linear

peptide sequence of comparable length depicted in SEQ ID NO. 4; and the second
heterodimerization sequence is linked to a cysteine residue, said second
heterodimerization comprising a GABAg receptor 1 polypeptide of at least 30 amino
acid residues that is essentially identical to a linear peptide sequence of comparable
length depicted in SEQ ID NO. 2.

20 The present invention provides a recombinant polynucleotide comprising a
coding sequence that encodes the L and/or H polypeptide of a non-single-chain antigen-
binding unit. The invention also provides a recombinant polynucleotide comprising a
coding sequence that encodes the VL or VH regions of a single-chain antigen-binding
unit. Also provided is a vector comprising any one of the recombinant polynucleotides
described herein. The vector can be an expression vector, e.g. a phage display vector.
Further provided in this invention is a selectable library of expression vectors encoding a
repertoire of antigen-binding units, comprising more than one subject vector. Preferably,

the selectable library comprises a plurality of phage display vectors.



het er odi meri zati on sequence is linked to a cysteine residue, said second
het erodi nmeri zati on conprising a GABAB receptor 1 pol ypeptide of at |east 30
am no acwo msesiodues that is essentially identical to a | iPegarSopassi de
sequence of conparable Ilength depicted in SEQ ID NO 2. 20 The present

i nvention provides a reconbi nant pol ynucl eotide conprising a coding

t hat des the L. / H pol tide of. . -84 ngl e- chai
ant o bi ndi nppaFEn PRETAR A ok afbmeed - uBisfle BRTRBIERE, " "
I | eoti de, . {.Si [ V, VH
oor ons. of ckospgaebRF ROl dHk oRER Gt RECACHNL IE Dol 0,
The' veot orpAierRlE af ol dBLASASHRIAE0ARE GO ChaR polpRpdaney bR e 1

Further pr a?éﬁgglﬁ g'eééter &}Hin%efgaﬂé&% RELBE. IThehoSEdeBGhAPbEelkabfofit Yr flokafetiessi on

vectors enco repertolre of antigen-bindi'ng units, conprising nore

tharmf,ne subj ecfy peeaidther dRIRIRRN the prdsh iBRint6h phiveddsianehed clprpduceg a
plurality of phadge display vectors. g WO 03/ 012069 PCT/ US02/ 24582 21 The

present i nyget-siaflealhain dtiguh-URsling s tTheahéthedmyolves tig follewinglsjepst(a)
reconbi nant pol ynucl eoti des. The reconbi nant pol ynucl eotide encoding the L
chai n  pol yypeekingén ahdstidell afrktyracarhkinsntgelyemdediideerchding adight €L)sbhippept i de
may be present in a single vector or in separate vectors. The host cel
may be eukpolypdptide comprisihgeyight @) chainvarigtde reghen fised tonbBHE ment , t he present
invention provides a nmethod of producing a_ non-singl -ﬁgain )
ant i gen- bi hefenodimenizationsreuenaehand 3 wgndxﬁomh@aﬂbwam%t ¢ epyodingg heavy
expressing in _a host cell a first iecogﬁén ntwpollnucLeoﬁjgg encodi ng a
light (L) Gheghain pRdyReptide cOEPEHRDR NEFVYY Y CPGEIRTS IO HSSAP A FET egi on
fused to a first heterodi nerization sequence d.a.second r '
pol ynucl eoh§teRoduRTHAHAR SSURRCE: Y heTety a’@ ﬂa‘f mp%ﬂdaﬁ% Bf‘fh&@ %oggppﬁp | 1§?§r§{n§ﬁ% avy
(H) chain variable region.fused .t . het.er-adi L&At LNwR&EEueRCe;
wherein t h&la@a%eﬁfﬁﬁw ?I%%‘e ﬁrsg ﬁ%ﬁg ﬁ&f}%&% %@%ﬁlﬂgé %I gngr 7 egéin a pg‘%r vlﬂvl se
affinity o fol et RS | {RG{cAAbIP heaSMIEsId8aningRd Wher ein
at | east %ﬁénb 0#&%Iﬁ@%§¢%§%ﬁ@?¥§%@ﬁ%ﬁg%equenceéPig essentiallg i ncapabl e
of form ngy8modimer under physiological buffer conditions and/or at physiological body

temperatures; and optionally (b) isolating the antigen-binding unit expressed in the host

cell.

23 The produced antigen-binding unit may also contain heterodimerization

sequences that are derived from heterodimeric receptors. Additionally, the non-single-

chain antigen-binding expressed in step (a) can be displayed on surface of the host cell.

Preferably, the non-single-chain antigen-binding expressed in step (a) is displayed on a

phage particle.

24 In still another embodiment, the present invention provides a method of

producing a non-single-chain antigen-binding unit, the method comprises the steps of (a)

preparing a first recombinant polynucleotide encoding a light (L) chain polypeptide

comprising a light (L) chain variable region fused to a first heterodimerization sequence,

and a second recombinant polynucleotide encoding a heavy (H) chain polypeptide

comprising a heavy (H) chain variable region fused to a second heterodimerization

sequence; wherein the L chain and the H chain polypeptides dimerize via pairwise

affinity of the first and second heterodimerization sequences; and wherein at least one of
9



honodi mer under physiol ogi cal buffer conditions and/or at physiol ogi cal
body tenperatures; and optionally (b) isolating the antigen-binding unit
expressedwprspimwehost cell. 23 The produced anti gen-bi ndipag/use2/24semy al so
contain heterodinerization sequences that are derived from heterodineric
rfcept o;s. Adgi ti _onall ly, dt he non-single- chain antigen-binding expressed in
step (a) can be di splayed on surface of .the h | ] . - he
n(ﬁn- si ngl ég%?ﬁ?rﬁg% 23802 BIYERTTS 1%??5@3@%31%3&@% 8%% a n‘%{ﬁ |§%ﬁ1§£§eﬁad%n a
phage particl.e 4. In.still..an ' , LesERs. & tion
ﬂ] ovi d?ﬁ afhﬁfﬁlf)]r?(%cablf)uff?frccga(lijl(t,llgﬂgéﬂa@é\roaggg%%lﬁg@élhba(%dgqgg‘??gen- b?%@gg’ unit,

e met ho . t ' i '
pol ynucl eo@@%&?@}%@%ﬁﬂagﬁgéc{oﬁgﬁg %Eéﬁ%ﬁé?ﬂﬁ%%gg&p i%gegifg%igg?iﬁgﬁ gﬁ | i ght
(L) chain yariahlief&aditibiRptelfened. | Triet stirs e ismionady take pREUIANCE,
and a second reconbi nant polynucl eotide encoding a heavy (H) chain
pol ypepti dgy. ePP¥ibel Ng a heavy (H) chain variable region fused to a second
het erodi meri zation sequence; wherein the L chain and the H chain
pol ypepti des diTmgk irdentibalp@inchideea mefiddriftpyodakcirtgteesifigle-shainautigere ond
het er odi neri zati on sequences; and wherein at |east one of 9 WO 03/012069
PCT/ US02/ 24hdidg uhit. Tied meihddsimvolres the stepe gfien expressingsivseinst edllay i ncapabl e of
form nga honodi mer under physi ol ogi cal buffer conditions and/or, at
physi ol ogi aynustedyide eopprisiogr ceding seiiuende that ecpdes thgsubiret singlsrchaity second
pol ypeptides to dinerize via pairwi se affinity of the first .apnd second
het er odi neantigan-bindingenit aaé eptionsdy {b)dsolatingithesinglesehagmantigenbindingpait o '
vitro or in vivo. 25 This invention also includes a nmethod of producing a
si ngl e- chag¥pressed igdhe bostgelng unit. The nethods invol ves the steps of (a)

hat Sencodes B ybyeaten SihsP Belier A TR oMM A RefPRERAMEETS, | |
(b) isolat icoqurgsri]ﬁg 51094 &7 DAY PepHALd SER sHeAdIoPY RO delt. PH BSREHcoiiplid host

cell.
expressing in the host cell (i) a first recombinant polynucleotide encoding a first

polypeptide fused to a first heterodimerization sequence and a surface presenting
sequence; (ii) a second recombinant polynucleotide encoding a second polypeptide fused
to a second ileterodimerization sequence; wherein the first and second polypeptides
dimerize via pairwise affinity of the first and second heterodimerization sequences;
wherein at least one of the heterodimerization sequences is incapable of forming a
homodimer under physiological buffer conditions and/or at physiological body
temperatures. In one aspect, the first and second polynucleotides are expressed by a
single phage display vector. In another aspect, the first and second polynucleotides are
expressed by separate phage display vectors. The chimeric heteromultimer is preferably
a non-single-chain antigen-binding unit of the present invention.

27 The inventioh also encompasses a method of identifying a non-single-chain
antigen-binding unit that is immunoreactive with a desired antigen. The method
comprises the steps of: (a) preparing a genetically diverse repertoire of antigen-binding
units, wherein the repertoire comprises more than one subject antigen-binding unit; (b)
contacting the repertoire of antigen binding units with the desired antigen; and (c)

detecting a specific binding between antigen binding units and the antigen, thereby
10



26 This invention further includes a nmethod of displaying a chineric
heteronul timer conprising at |east two pol ypeptides on a surface of a host
cel |l . Thiwomewhoa conpri ses expressing in the host cell @ECI/B01/24581

reconbi nant pol ynucl eoti de encoding a first polypeptide fused to a first

het er odi meri zati on sequence and a surface presenting sequence; (ii) a
second recopbi.nant .pol y.nucl eqat i de.encodi ng a second .po tide..fus to a
second het é&b&aﬁﬁﬂg ;@a% 1gehn-b H&‘H‘éﬁ"%&%@#t 'ﬁm(t)rﬁ%& e 1@1%3@ gs}reeéloarlllztzfgen'eﬂl

ool ypept i d . , . i L wherdi r.St

ot o1 ol oy s AtHEFSLER BBk M3 orbirp b} oo by e 18 BibpBRARY

het er odi ”eregfz@;géi a BBAYEOCRR 1S eﬁ&gf@f@bﬂﬁm@ﬁy bOhELRGoR-bil@RRdhagr under

physi ol ogi c uffer conditions an at physi ol ogical body t enper at ur es.
I'n one aspggiferablie te litthrydTdeSB U RREY A PREARY bEifitagdRctIPr essed by a

si ngl e phage display vector. In another aspect, the Tfirst and second

pol yngcl eot i des Fadiflly, thepieeacidvéntiongnavidésa kibagapiliaph ayctvesi thisdnvehifion
chinmeric heteromultimer is preferably a non-single-chain antigen-binding
unit of t hénpuigsbbnpackagiegt i on. 27 The invention al so enconpasses a net hod
of identifying a non-single-chain antigen-binding unit that is

i munoreactive with a desired antigen. The nethod conprises the steps of:

(a) preparing a genetically diverse regertoi re of antigen-binding units,
wherein the repertoi , AEKHQEE%AB_RﬁﬁﬂAﬂﬁlﬂﬂﬁﬁﬁﬂfhﬁﬁﬂﬁﬁn-binding
unit; (b) ~contacting the repertoire of antigen binding units with the
desi P8d anti gen;l- Rlser Nep-si @it ng a specific binding between antigen

bi ndi Bg units ar}gl the_antigen, thereby 10 WO 03/012069 PCT/ US02/ 24582

i dent¥fyi ng t he Zaffi geie ing unit that is imunoreactive with the

desir,ed antigen., IL.n qne aspect of.this enbodi nent, the repertoire of

ant i gn- bi ndi ng 3ur$Ist‘g‘P§ge&'§B§ﬂn§&mgy expressing a library of vectors
encodi,ng a plurgli ofy 1:he. ANt -hinding units. Preferably, the library
of vggtors conp%régémaAﬁﬁgﬁaﬁﬁP§%o 11%hage vectors. 28 Finally, the present

i nvengi on provi des, cﬁ‘laﬁf:licéﬁ’@ﬂiihg ng a vector of this invention in suitable
packagi ng. EXPLAI NATI ON ABBREVI ATI ONS USED HEREIN 29 1. Nsc: Non-single

chai 34 5. H chain: Heavy chain

=)

35 6. VL: Light chain variable region
36 7. VH: Heavy chain variable region

BRIEF DESCRIPTION OF THE DRAWINGS

37 Figure 1 is a schematic representation depicting various antigen-binding units.

38 Figure 2 depicts the nucleotide and amino acid sequences of GABAB receptor 1
and 2 that were used in constructing the subject Abus. The coiled-coil sequences are
derived from human GABAg-R1 and GABAp-R2 receptors. The coding amino acid
sequences from GABAg receptor 1 begins with EEKS and ends with QLQS as shown in
the top panel of Figure 2 . The coding amino acid sequences from GABAg receptor 2
begins with TSRL and ends with QLQD as shown in the bottom panel of Figure 2. A
flexible SerArgGlyGlyGlyGly spacer was added to the amino-termini of R1 and R2
heterodimerization sequences to favor the formation of functional Fv heterodimer. To
further stabilize the heterodimer, we have introduced a ValGlyGlyCys spacer to lock the

heterodimeric coiled-coil pair via the disulfide bond between the cysteine residues (SEQ
11



30 2. Sc: Sing-chain 31 3. Abu: Antigen-binding unit 32 4. Abus:
Antigen-binding units 33 4. L chain: Light chain 34 5. H chain: Heavy
chain 35 W0 0wl012069 ght chain variable region 36 7. VH Hea&¢y/uwshzp4ssyari abl e
regi on BRI EF DESCRI PTI ON OF THE DRAW NGS 37 Figure 1 is a schematic
representation depicting various antigen-binding units. 38 Figure 2

depicts th cleotid d.am no I d _sequences of nd 2
t hat \C/iver_e ﬁ%&?é% f’ﬁ’gn t&B&SF’fﬁfgtcﬂ g 3EIE esﬂ%ﬁ%‘:’.ﬁ%ﬁ@?@?ﬁ){e@%?ﬁ@sﬁ%&gnces
are derive 0 eCERRL Sionk ' m no
aci dh sequBifd éd;?s ?ébgﬁ?%%%ggoe@p %?gﬁ%gg@%\gﬂﬁ{? %ﬁg)r?cf Qg%eglgg\k}m t eraQ_QS
as shown i t LGP 1%:@]%[ ith ReisBsheaRt AQiwraifdnsequences
Lrom GA\BABZPIGHC%SPM R egﬁ)(r%éd\%t §?R0Ifha%2ée{ngss (\%ilt h q_a% as nrzhown in the
ot t om pangiaWABH) dth&inLeo the cdrbEx/1benies Vv H Ghil |1y fehibnts, sepeetiveips added
to the am _no-ter% ni of R and Ri} het er odi nmeri zatio%%equg?gese\tl% favor
the gormation ofiduwgAiionthematib edgRéseiation of two efpiedsivarvestord P ABNX 1t drel

het erodi mer, we have introduced a Val @yQd yCys spacer to |ock the

het er odi mepABMXR2) BItCHABMI indpABMIEL Wemuletived fompblimstugetK(the cyst ei ne
resi dues (SEQ 11 WO 03/012069 PCT/US02/24582 ID NOS. 2 and 4). The SerArg
codi ng sequemprisingtn tinpicliiheaesistane gehe (AmpiEantbiatie selegionys tlesmiderigior
Xhol sites for fusion of the GRI (heterodi nmerization sequence derived from

(Cj;ABABl rec eﬁﬁaptiyatmgc{cﬂﬁz othensflqiage etigintf seplisatipredt eriyand aspremeisrissaB?)
omains to the carboxyl-termni of VH and VL fragnents, res vely. 39
Fi gur e 3A (Y drivsoipeotain eXprasppr sesietin @M-%Bstn%e@ffgﬁ%lﬁi é%&ﬁrqf B@WF% B‘ﬁ%wxl
an pABMX2. Both pABMX1 and _pAB re.derjved from pbluescript .SK(+
clorrpr! si ng Raib-Betpi lesader Rl tgg f@tpf;ﬁé}%njhfzﬁf?f&%?u%?ﬁﬂ'%C%{Sie&‘pgeg?eél i(ao)n, a
plasmd or lD%-n’tag (HA and 6 x His tag) fusion protein, and is directed by the signal peptide either

C

p8 leader or pelB leader into periplasmid space, where the leader sequence is cleaved

40 Figure 3B depicts the sequences (SEQ ID NOS. 5-8) after the lac promoter
between Agel and BgllI sites of pABMX1 and pABMX2. The HindlIl/Xbal or
HindIII/Notl or Xbal/Notl sites can be used for inserting heterologous sequences that are
to be expressed in pABMX1 vector. Additional cloning sites included in the pABMX2
vector are Ncol, Pstl, Xbal and NotI.

41 Figure 4A is a schematic representation of the phagemid vectors pABMD1 and
pABMD?2 useful for displaying antigen-binding units. pABMD1 and ABMD2 were
derived from pABMX1 and pABMX2 respectively. They comprise all of the functional
elements of pABMX1 and pABMX2 vectors, and plII gene of a filamentous phage. The
plII gene was inserted immediately adjacent to the 3 end of DH-tag. ' The lac promoter
drives expression of a heterologous sequence as pIII capsid fusion protein, which in turn
is displayed on a phage particle upon superinfection of a helper phage such as KO7
(Amersham Pharmacia Biotech) or R408 helper phage (Stratagene). This vector can also
be used for soluble protein expression in a non-suppressor bacterial strain.

42 Figure 4B depicts the sequence (SEQ ID NOS. 9-12) after the lac promoter
between Agel and Sall sites of pABMD1 and pABMD?2.
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of replication (colEl ori), an fl phage origin of replication (fl ori), and
| ac pronoter/lac 01 driven protein expression cassette

(pl ac- RBSWpRBeades - DH t ag for pABMXI, plac- RBS-pel B Lead@cTlidor/agst or
pABMX2 ). The heterol ogous sequence is expressed as a DH tag (HA and 6 X
Hs tag) fusion protein, and is directed by the signal peptide either

| ead l.ead
el cavld 40 Fi gur 0 e preorBernE BRhenRE Rt Pt iDL S, AZ‘?*"?%E? ;i

ﬁr (rjlg})lt Ie; ngif or F@?ﬁ%@?} ldenx%)&aﬁﬁﬁgé% sites %%ﬁ 0rYinserting

het er ol ogo RE@YEIMVIXS DOBMEMXSC k-
Addi ti onal lﬁfgﬁlﬁg&gl&tsseg |nc udeedlhfbr{p?rﬁge)&pABl\/KZ vector are Ncol, Pstl,

Xbal and Nofybelofith gEitgst& ifkrtion cﬁh@féﬂﬂﬁ@dﬂs%edi&ﬁé@%&gﬂvd{ b&fe, giko iffeer B’ﬂﬁ@&m d
vectors pABMD1 an pABMD2 useful for displaying antigen- bi ndi ng units.
PABMDL and #HBMa2tot& I PABNELS stithifiy 1hepR ABNKY, aad g ABMBRX Zoriteisi det pelB loadeThey
conprise all of the functional elenents of pABMX1 and pABMX2 vectors, and
pi Il gene dfwapfdtéiamrptession passagtes efipioyinyg the lapepremoies wersanginedredintedhesee| y
adj acent to the 3 end of DHtag. ' The lac pronoter drives expression of
a het er ol ogwesvestonsi e Husefitstcassdtte 15 ngeditd ekpressoVHPBL €VH: hvmmdnmmzatlgnn is

di spl ayed on a phage particle upon superinfection of a heI hage such as
KO7  (Amer s¥eawinoR &¥ R Ap Bicaptet: h)andrthwarsand i ysed tqmxpiRss (Vét 8{ Thi s
vector can al so_ be used for soluble protein ex&resalon in non- ppressor

bacteri al sliqtfﬁpﬁmel@aﬁn?fbifﬂée%Bo Qpﬁ]%‘?‘%retcﬁlétog% (laEryas B‘%Rﬂ)@ 212)

ft the | bet, I f pABMDI d pABMD2.
iZ S&)OB?Ol r%%#?t@ﬁ??§ﬂ§%§oﬁ§ e@ﬁ$ﬂ“ ahﬂ?”@“@%ﬁgnaflc rep?gseﬁtatlon
o A Yoo o, BT, 0 AR BAHOISOG N e g om
i ncor por at e&qﬁé}}c @%@ﬁﬂ%@%@dﬁ}l@%ﬂ%&ﬂﬁ G, ;ﬁﬂdftﬁﬁ fiRNivoBfeL i on of

het er ol ogous “sequence, In these "two vectors.

PABMX5 CO”tlﬁh&‘iﬁ he h8-th %Q@Jlomﬁgghté%&l\%erﬁeﬂbﬁwp VIN&RICA GRAIRE also TWO

protein express on cassettes enpioying the [ac pronoter were engi neered
into these indicated.

45 Figure 6A is a schematic representation of phagemid vectors, pABMDS5 and
pABMDS6, which are useful for expressing and displaying ccFv on a phage particle.
pABMDS5 and ABMD6 were derived from pABMXS and pABMXG6 respectively. plil
gene derived from the filamentous phage was inserted immediately after DH-tag. The
VL-GR2 proteins were linked to pIII capsid protein to facilitate display of the ccFv
heterodimer.

46 Figure 6 B depicts the sequences (SEQ ID NOS. 17-20) between the leader
sequence and pIlI for pABMDS5 and pABMD6 vectors. In addition, ribosome binding
site, DH-tag, partial pIII , subcloning sites for insertion of VH, VL, GR1 and GR2, are
also indicated.

47 Figure 7 depicts the vector pAMEX7 useful for expressing ccFv fragment in
yeast.

48 . Figure 8 depicts the results of an ELISA assay using AM2-scFv fragments that
were expressed by the pABMX1 vector. The results show a dose-dependent AM2-scFv

binding to its antigen AM2.
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two vectors. The first cassette is used to express VHGRL (VH

het erodi neri zati on sequence of GABAB receptor 1) and the second is used to
express WOGRR10¥A- het erodi nmeri zati on sequence of GABAB PE€ETAshne458) . The
DH-tag was fused to GR2 domain to facilitate purification of the resulting
het erodi mers. 44 Figure 5B depicts the sequences (SEQ I D NOS. 13-16)

addi t9on, the s FiEs SOERIfe Rt VARSI AR R Rl Rt 1

. : v ;S . .
schomt ¢ rs5y Sapred STPnaR fafilhes FHE MOk BEHTHES simely IR ARl 27 e
useful for s?ﬁ%ﬁéﬁgo@%%@ak%i&&mgh@nﬁd Rbase ABMDIC! €. pABMDS and

ABMDG wer e ved fro 5 and p respectively. plll gene derived

fromsphe fil amenigQis 10AAWPickAEe teIGRS SESDSPARTE alkysis 6f ARTI-ddfvieapresstddn
VL-GR2 proteins were linked to plll capsid protein to facilitate display of

the ccFv IRteli afldereéduciy dndgiohaeduchgiemidition. tIhe remiiy damosnstiafiQctddsNOS.
17-20) between the | eader sequence and pill for pABMD5 and pABMD6 vectors.
| n addi t i orxpresdiasamdasbémblly od heterddemerid-tdfagn Epaoli.i al pl 11 , subcl oni ng
sites for insertion of VH VL, GRL and GR2, are also indicated. 47 Figure
7 depilcts the vdigwe 1pBNEXEtsitbefasiltf efrandldBdsasbayqusingsolibleddbhechiv  yeast .
48 Figure 8 depicts the results of an ELISA assay using AVMP2-scFv fragments
that wer e c&Rigpsed dw§- egli- t Hee smpiwndipate segeessfiasseaahly of fupghonad ccFv with

dose- dependent AMR-scFv binding to its antigen AM2. 13 WD 03/ 012069

PCT/ US02/ 2&%petescbindigg spectlidyjp dis Sorppopdiagpliesd an ELI SA assay usi ng

A S T el LNl sl SLenl Rt 0 Bhads Rt L PR eSS

g%'s? % AtGE_e a%gﬁ gqq]%gd Bl\?/aeg%jeﬁcrl @é@%—g@% eeg(ip?eﬁgigg iligéb‘ge(.j eﬂe%&h& Bgm{)ﬁ‘s%r%ltet thaf f
the phage particles displaying the AM1-ccFv fragments exhibit slightly higher binding
capability than the phages displaying conventional scFv fragments.

53 Figure 11B depicts a comparison of the antigen binding capability of AM2-ccFv
expressing phage and that of AM2-scFv expressing phage. The results indicate that the
binding capability of the phage particles displaying the AM2-ccFv fragments is about
one order of magnitude higher than that of the AM2-scFv expressing phages.

54 Figure 12 depicts three multivalent Abu configurations, each comprising more
than one basic ccFv unit.

55 Figure 13 depicts four bivalent Abu configurations, each comprising a basic ccFv
unit and a scFv or a dsFv fragment.

56 Figure 14 depicts three trivalent Abu configurations, each comprising one or
more basic ccFv unit, one or more scFv or dsFv fragment.

57 Figure 15 depicts four bispecific Abu configurations, each comprising one or
more basic ccFv unit with distinct binding specificities, and/or a scFv or dsFv fragment.

58 Figure 16 depicts three additional bispecific Abu configurations.

59 Figure 17 depicts three trispecific Abu configurations, each comprising at least

one basic ccFv unit, and at least one scFv or dsFv fragment.
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E. coli under reducing and non-reducing condition. The results denonstrate

successful expression and assenbly of heterodineric ccFv in E. coli. 51
Figure | OBOdep1wbs the results of an ELI SA assay usi ng solPalusonMs8zcFv
expressed in E. coli. The results indicate successful assenbly of

functional ccFv wth expected binding specificity to its correspondi ng

ant i . 52 Fig suge;éﬁg i i : t4 iLndi hg..
capability of All\}iﬁl- ccFv @%%ﬁ%%ﬁ%&@?nﬁ%ﬂ@%@ ﬂ,&iﬂfgﬁs%‘%\(}&%{lnggg%i ng
phage. The (Xannlel t e di spl ayi ng the
AML- ccFv frgéeg{rirtﬂr\cfzia%xhi b?%‘{%e?%ﬁ‘?ﬁ}”ﬁ?gﬁ’érgﬂﬁ‘?ﬁﬁp g{:jédn%i paulg{"i ty than the
phages! di spl ayi NEigGRIMEIR i seRdhateGENrel i PRNYITcEP dishlaget 6n thi Buffsd ¢its 2
conpari son of the antigen binding capability of AWM2-CTcFv expressing phage
and that ofpréhétystid-or @kpryesisicell Pha@. pahbledepRBdddry diﬂﬂﬁ}@a%tﬂliﬁge pificle

bi ndi ng capability of the phage particles displaying the AM-ccFv fragnents
i s about othet isndiearedfo thegmificedd athogtheeil. t han t hat of the AMR-scFv

expressi ng phages. 54 Figure 12 depicts three multival ent Abu
confi@rations, Kgute Hodepidtsihagesults of parining ofwode phegalitrurylimising EIISAI gur e
13 depicts four bivalent Abu configurations, each conprising a basic ccFv
unit and a BreEyingimmebilizedsnrotgineantiges orAME feom panfing of &“moded dibrary U allent
Abu confi gu‘ga(%iqﬂ}ls), gach conprising one or nore basic ccFv unit, one or
nore scFv or o Y i pstRine cermp tiigof Add2-¢eBy phages and umielatrdahepes, AB1-

Somai oo ot R it ST INGY Shd 18T ResDbsti DR e 2egiagt of e BLIS Aupnbeds !
depi ct th it i i f.i Ab fi ti . b i 17

Gop S1e 1 et AR BRSNS woblh SBREEA WShorRBion R AVPLR Bl e
basi F ni ) 4 .03/ 0 69
D) Gt 3 dtBstr, Al e ASARUnEBERE6fE, 80 FATEK A4 ABRR It IRUDRLOIRECS,
het er odi mer,g m@Jacwﬁg&mgﬁéseﬁfﬁtgé hﬂs&&gedwé fi e rHaya%f,%hwwoO{ogpgso = of

. t N
anti-parallel configuration. 61 Figure 19 I's a schematic represen
ccFv di spl aygeneing! fhe AP cBER fiaftich measured becomes predominant, as evidenced by a

dramatic increase in ELSIA signal.

63 Figure 21 depicts PCR analysis to confirm enrichment of AM2-ccFv via panning
the model library shown in Figure 12. Before panning, one AM2-ccFv phage was
detected in every 107 unrelated phages (0.00001%). After the first round of panning, the
occurrence of AM2-ccFv reached 4.4% and then 100% after the second round of
panning.

64 Figure 22 depicts the design of CDR3 of VH (heavy chain) of AM2-ccFv. The
degenerative DNA oligo was amplified by two PCR primers that franked by two
subcloning restriction sites. The oligo was first amplified in PCR and subsequently
restriction digested before being subcloned to replace the wild type CDR3 of VH of
AM2-ccFv.

65 Figure 23 depicts AM2-ccFv phage ELISA results from individual clones that
were randomly picked from the 5th (upper panel) and the 7th (lower panel) pannings.
Each bar represented the reading at OD405 of a particular AM2-ccFv variant.

66 Figure 24 depicts the sequences of variants selected from the AM2-ccFv CDR3

VH library panning. Shown on the top is the amino acid sequence of the library (X
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prokaryotic or eukaryotic cell. The top panel depicts ccFv displayed by a
phage particle that is adhered to the surface of a host cell. 62 Figure 20
depi cts twe mmeswbe s of panning a "nodel phage |ibrary” usiPeg/usht/SAs2

i nvol ving i mmobilized protein antigen for AM2 from panni ng of a'.nodel
l'ibrary". The "nodel |ibrary" contained a m xture of AM2-ccFv phages and

| ated ph AML - Fv. | ' fe 1: 306 - tively.
The r ead naciaged ittty G ofRefilsS Uty rdn Mg Pt SBRET /Y

| d ] ti j - i At L first
Found of - pananios i EIEa 45 HtnfelONdr GE . celbelelfeeit i bl LSyl 117

AMR-ccFv frgh Eamlﬂg EREMkirihit hiR€ (SBcuitH@ MRS 8 pattlcul YesidiRYeVSitioRfthar two
rounds of panning, the AM2-ccFv fraction neasured becones predom nant, as

evi denced Ryer8 noiAfPdd By thedibeas deditn MeShédwaigbRhk. ©Be Edpeisas ddrivkeiireths PCR
analysis to confirmenrichnment of AM2-ccFv via panning the nodel library
shown i n Fithelpgnninds isBB6wnh on e bottogn. one AM2-ccFv phage was detected in
every 107 unrel ated phages (0.00001 % . After the first round of panning,
t he 6&dccurrence KigurdRB-depiets a eomapreeidod oAtte Kag ratbeot dh0AVM2addFevatibme and ¢lond
round of panning. 64 Figure 22 depicts the design of CDR3 of VH (heavy
chain) of AN typBPAMIHeeFv.dEeslepaed the cies rsipregentahewagithe tesidmtibodyino  PCR
prinmers that franked by two subcloning restriction sites. The oligo was
first anpl idisseeiates Matigeibsequent |y restriction digested before being
subcl oned to replace the wild type CDR3 of VH of AM-ccFv. 65 Figure 23
depi cts AM2-ccFv phage ELI SA results fromindividual clones that were
randomy picked fromthe 5th (upper panel) and the 7th (Il ower panel)

panni ngs. Each bar represented the reading at OD405 of a particul ar

AMR-ccFv variant. 66 Fi i ‘..’hﬁ'@ HefE i ants sel ected
fromthe AM2-ccFv CDR3 l%&s%ﬂﬁ ﬁ\?V ol is the am no

it (155 0 opt 1 ons  epeetekPHRLHsq S b R e el A BT g™ =

specifications are referenced by an identifying citation. The disclosures of these

publications, patents and published patent specifications are hereby incorporated by

reference into the present disclosure.

General Techniques:

69 The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of immunology, biochemistry, chemistry, molecular biology,
microbiology, cell biology, genomics and recombinant DNA, which are within the skill
of the art. See, e.g., Matthews, PLANT VIROLOGY, 3" edition (1991); Sambrook,
Fritsch and Maniatis, MOLECULAR CLONING: A LABORATORY MANUAL, 2™
edition (1989); CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (F. M.
Ausubel, et al. eds., (1987)); the series METHODS IN ENZYMOLOGY (Academic
Press, Inc.): PCR 2: APRACTICAL APPROACH (M.J. MacPherson, B.D. Hames and
G.R. Taylor eds. (1995)), Harlow and Lane, eds. (1988) ANTIBODIES, A
LABORATORY MANUAL, and ANIMAL CELL CULTURE (R.I. Freshney, ed.
(1987)).
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described in Figure 22); shown below it are the selected residues at each
"X" position frompanning and their hit rates (occurrence rate of a

parti cul aworrasimae). Positions that were not changed by tPrla/usobe#8y desi gn
are shown in blank. The consensus derived from the panning is shown on the
bottom 67 Figure 25 depicts a conparison of the Koff rates of an AM2-ccFv
vari ant and the

fast/ihe test aff Pmt%{‘gwﬁ%fi%%@df‘;[he sc 18 Bheleg ot SoepS AR NG
ouT THE | I\NE‘;‘EB%@%&SE gé{?:g esssﬁ h' sntgxlt%f’e ld{c?ateél Pér%f&:. ek&rgr,%lle%\%’

patents antf I catl on are rererence

dont{{¥1 NGl B0 fonHles meﬁtyay&eqﬁer s BUbbiagi ons, patents and

publ i shed ent  Specl I'ons” ar e I'ncorporated by reference into
the present disclosure. GEneraI Technlques 69 The practice of the present
invention will enploy, unless otherw se indicated, conventional techniques
of i mmunol pgpnitfeechem stry, chem stry, nolecul ar biology, m crobiology,
cell biology, genom cs and reconbi nant DNA, which are within the skill of
the art. See, eTHe terMBtbblgpeptidet,AdEptideRahO G otedi tare dbdd inter¢hzf8Sbly IRaeinr ook,
Fritsch and Maniati s, ECULAR CLONI NG A LABORATORY MANUAL, 2nd edition

(1989) ; CURRENF t&RSIVRIEEL & antind/GiECHE AR 1Bigth OBlte pelymer magbs dinedr, cyalicadr
eds., (1987)); the series METHODS | N ENZYMOLOGY (Academic Press, Inc.):
PCR 2: A PRAGIAAL riBRROEHE (adifiedviniBh ecidsrandst may bmni@“sum%by GR Taylor
eds. (1995)), Harlow and Lane, eds. (1988) ANTI BCDI ES, A TORY
MANUAL,  andormim acfis. | Thetermsrasq RepmppysEatne geid pgl lymers $gt; E)VC 8 WO

03/ 012069 PCT/ US02/ 24582 70, As, used jn the, spgcificati nd clains, the
si ngul ar fmﬁﬁeai" forexpmplenyia'splfgiton, girY&PiYéeémBI’ ﬁPIQP“‘?I’eP%egglﬂﬁ%ps unl ess the

context cle di ct at es. ot.herw
ﬁ osp. orylatlton ﬁ)dlnatlon metﬁj‘:?‘latlon rox1cf§1?1gg prbteolyﬁc processing,

phosphorylation, prenylation, racemization, selenoylation, transfer-RNA mediated
addition of amino acids to proteins such as arginylation, ubiquitination, or any other
manipulation, such as conjugation with a labeling component. As used herein the term
“amino acid” refers to either natural and/or unnatural or synthetic amino acids, including
glycine and both the D or L optical isomers, and amino acid analogs and
peptidomimetics.

72 A polypeptide or amino acid sequence “derived from” a designated protein refers
to the origin of the polypeptide. Preferably, the polypeptide have an amino acid
sequence that is essentially identical to that of a polypeptide encoded in the sequence, or
a portion thereof wherein the portion consists of at least 10-20 amino acids, preferably at
least 20-30 amino acids, more preferably at least 30-50 amino acids, or which is
immunologically identifiable with a polypeptide encoded in the sequence. This
terminology also includes a polypeptide expressed from a designated nucleic acid
sequence.

73 A “chimeric” protein contains at least one fusion polypeptide comprising regions
in a different position in the sequence than that occurs in nature. The regions may
normally exist in separate proteins and are brought together in the fusion polypeptide; or

they may normally exist in the same protein but are placed in a new arrangement in the
17



term”a cell” includes a plurality of cells, including mxtures thereof.

Definitions: 71 The terns "pol ypeptide”, "peptide” and "protein" are used

i nt er charnyoabloy2oberein to refer to pol ymers of am no aci decaofusangssBengt h.

The polyner may be linear, cyclic, or branched, it may conprise nodified

amno acids, and it may be interrupted by non-amno acids. The terns al so
f,or ,exa

ST o Riop e bieaiforh iy gt My b graefar Sefe R Sri n V'
. d t . 1 th | . ) . . . . ! . : . !
oo e o LR ALl S e o
nmedi at e t . ¥ ' , i : :

ubi qui ti na%legh?d(%aHg%hfq%‘tglggdrl%?aln{aﬁﬂﬁ proteins such as arginylation,

_ nmani pul ation, such as conjugation with a
| abeyj ng COMPONENLyyihetE gf!)télﬁ* & kel BErehifrors %@ﬁg]&%ﬁ?*ﬂﬁeiﬁ ebREmidg0 ei t her
natural and/or unnatural ©Or synthetic amno acids, including glycine and

both the D @fe tha®Bhd SPharateS &ptid8 B proidif @hAf hshodiarkiagith édtl other to form a
peptidom netics. 72 A polypeptide or  am no acid sequence "derived from' a

desi gnat edsipplRte®ituldrPhéiedh inbitrd HEn@hiogi Theahultiberip protgiamhdydmnsiBr efmombl y,
t he pol ypeptrde have an am no acid sequence that is essentially identical

to that of thanpat pplpeptite oftieoded kind thiermedhemomultimer.’a Adternatively; ther eof
wherein the portion consists of at |east 10-20 ami no acids, preferably at
| east 20- 3fwitirheric proteiis magmaise bercefmppsed| of navre agme IOLYPOPEGH crtgiiamcas . or
which is innunologipally identifiable with a polypeptide encoded in the
sequence. Sdujusnces ¢o frirmc Gipjeramuylimenc| Toness aaﬁ‘ﬁ@l . prgds é%}ﬂl@é‘ d froma
east one. PaBpGpEl 1S AETHPORTRRIIG secep by oSG R RSP (1 on | n
Separ at'e. pPObBREeARePAIBITASH SOUGEEREP™ S FROTRPRIC BoropebPite. or
L7 Y Ll e e bR Ryl 35 RSE chnd
first and second polypeptide or can form higher order tertiary structures where more than
two polypeptides are present. Exemplary structures for the heteromultimer include
heterodimers (e.g. Fv and Fab fragments, diabodies, GABAg receptors 1 and 2
complexes), trimeric G-proteins, heterotetramers (e.g. F(ab’), fragments) and further
oligomeric structures.

75 The “first recombinant polypeptide” of a chimeric heteromultimer refers to any
polypeptide which is or was associated with a “second recombinant polypeptide” via the
pairwise affinity of two dimerization sequences that are linked to the first and second
polypeptides, respectively. Preferably, the first and second polypeptides contain
sequences derived from a light or a heavy chain of an immunoglobulin. More
preferably, the first and second polypeptides form a Nsc Abu that confers binding
specificity to a desired antigen.

76 A “first heterodimerization sequence” refers to any dimerization sequence which
is or was associated with a “second heterodimerization sequence,” wherein the second
heterodimerization sequence differs in amino acid sequence by at least one amino acid

residue. A “heterodimerization pair” refers to two heterodimerization sequences capable

of forming a heterodimer.
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fusion pol ypeptide. A chimeric protein may be created, for exanple, by
chem cal synthesis, or by creating and translating a pol ynucleotide in

whi ch t hewpaepbiaed regi ons are encoded in the desired rel ®Cirarseiz4ss2 74 A
"multinmeric protein” as used herein refers to a gl obular protein containing
nore than one separate pol ypeptide or protein chain associated with each

otheryio forma gl ﬂtﬁh@‘aﬂtlil%ﬁg"% R HRiR rd s ﬁﬁﬁuﬁ%@bﬁhﬁﬁ! gleglﬁg's[e?él same

mul timeric protelrn may consi st of nore than one polypepti

kind to formdund 4k portions bEIMBAILEIBOlnASleclRY, §.E MRIoldeuRS @i N May
al so be conposed of nore than one polypeptide of distincf sequences to
forma "het &ntiinbi bitigen-bildids sit@whithispeaitdily biRds'(“irBmantRAREWItE™) HONPr i Si Ng
at least a first polypeptide and a second pol ypepti de, wherein the second
pol ypept i deartigkfi.e8guétnratiyj the smaplest aiemuedlycclurim@antibody (e, InG) ypapiisede by at
| east one amno acid residue. The heteromul ti mer can conprise a

"het er odi nefour palypemidehaing, twoiheavy @hctcheis and tywo lights({b ichinsinter-aonfartat

hi gher order tertiary structures where nore than two polﬁgef)tides are
present. Exengipalfige bpndse {Thedmnfumoglobulinepresent atlange farntly pimelechles thabdi mer s

(e.g. Fv and Fab fragnents, diabodies, GABAB receptors 1 and 2 conpl exes),
trinmeric G WFydessreraliemes ofmalscalesy sichas fgD.Aeablg/ leMaanddaEs Thaimny ur t her
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i munogl obufdine 4R coﬂécgl BlnYed ‘!a?ﬁ@ﬂ-ﬁiﬁﬁinﬁ%?efﬂ%gs’gol&ﬂ&?%ﬂ 6}%5 forma

Nsc Abu that Tonfers bindin speci Ity to-a desire nf1gen A "first

het er odi rrerusr_éadl'yqmmﬁﬁmsa{glé-@ﬁﬁﬁ%@e”%n “BbARIoFAHa Y GRS AR WA 1S
or was associated with a "second heterodi nerization sequence;"” V\fﬂerel n the
second het @i theirmsledddriseictagguence differs in am no acid sequence by at
| east one amno acid residue. A "heterodinerization pair" refers to two

het ertfdi neri zat i Alsosacpmpases] wilialtheterra$ “4dmiboilieg” andteAtersd dieiBimunoglobulin

molecules of a variety of species origins including invertebrates and vertebrates. The
term “human” as applies to an antibody or an Abu refers to an immunoglobulin molecule
expressed by a human gene or fragment thereof. The term “humanized” as applies to
non-human (e.g. rodent or primate) antibodies refer to hybrid immunoglobulins,
immunoglobulin chains or fragments thereof which contain minimal sequence derived
from non-human immunoglobulin. For the most part, humanized antibodies are human
immunoglobulins (recipient antibody) in which residues from a complementary
determining region (CDR) of the recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat, rabbit or primate having the
desired specificity, affinity and capacity. In some instances, Fv framework region (FR)
residues of the human immunoglobulin are replaced by corresponding non-human
residues. Furthermore, the humanized antibody mﬁy comprise residues which are found
neither in the recipient antibody nor in the imported CDR or framework sequences.
These modifications are made to further refine and optimize antibody performance and

minimize immunogenicity when introduced into a human body. In general, the
19



18 WO 03/ 012069 PCT/ US02/ 24582 77 The term "anti body"” as used herein refers
to i mmunogl obul in nol ecul es and i munol ogically active portions of

i mmunogl owolos1296¢ ecul es, i.e., nolecules that contain arcaniSoyessbi ndi ng
site which specifically binds ("imunoreacts with") an antigen.
Structurally, the sinplest naturally occurring antibody (e.g., 190G

conprises | four, pol ypepti chai.ns, . t wg. heavy (I hai ‘ ight (L)
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These fragnments are collectively térned "antigen-binding units" ("Abus").
Abus can bgompriRag leasth ¥drees of i Bnmahddddiladhstantrégion (FAMYpically that of a
"non-singl e-chain" ("Nsc") types base on their nol ecular structures. 78
Al so enconpasseiinmuhddiobdlie terns "antibodi es” and "Abus" are

i mmunogl obulin nolecules of a variety of species origins including

i nver9 ebr at es afiNon-singhdbclafireantighdinding wmit H(NanAbusiy agghsitéremultiness ant i body
or an Abu refers to an i munogl obulin nol ecul e, expressed_by a hupan gene
or fragnentompesiept lighhehairepolypeptida and abieavyschapppolreptide. Huamplghehthee g.
rodent or primate) antibodies refer tg hybrid innunoglobglggﬁ,
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non- human resi er nor e, e humani zed anti body may conpri se

resi dues WabehiRIE afsRIdMOarn 6t dnli@kibbdly; (1§ ah ECdbD)2eMdgnddit,i dtsitlertGFaghient he

i nported CDR or framework sequences.
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (vii) a

diabody; and (viii) any other Nsc Abus that are described in Little ef al. (2000)
Immunology Today.

80 As noted above, a Nsc Abus can be either “monovalent” or “multivalent.”
Whereas the former has one binding site per antigen-binding unit, the latter contains
multiple binding sites capable of binding to more than one antigen of the same or
different kind. Depending on the number of binding sites, a Nsc Abus may be bivalent
(having two antigen-binding sites), trivalent (having three antigen-binding sites),
tetravalent (having four antigen-binding sites), and so on.

81 Multivalent Nsc Abus can be further classified on the basis of their binding
specificities. A “monospecific” Nsc Abu is a molecule capable of binding to one or
more antigens of the same kind. A “multispecific” Nsc Abu is a molecule having
binding specificities for at least two different antigens. While such molecules normally
will only bind two distinct antigens (i.e. bispecific Abus), antibodies with additional

specificities such as trispecific antibodies are encompassed by this expression when used
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These nodifications are made to further refine and optim ze anti body
performance and mnim ze i munogenicity when introduced into a human body.
I n gener aWp oshe20d® WO 03/012069 PCT/ US02/ 24582 humani zed a&ewiusozigs4sss | |
conprise substantially all of at |east one, and typically two, variable
domains, in which all or substantially all of the CDR regions correspond to
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VL and VH arhtomintd-BOF seceitogini-GDM afti-6h3Amti-GANA 1, auiixCRIar{-eb 1P 2anti-
fragnent, a bivalent fragment conprising two Fab fragnents |inked by a
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enzyme activated prodrugs such as anti-CD30/anti-alkaline phosphatase (which catalyzes

conversion of mitomycin phosphate prodrug to mitomycin alcohol); bispecific Abus
which can be used as fibrinolytic agents such as anti-fibrin/anti-tissue plasminogen
activator (tPA), anti-fibrin/anti-urokinase-type plasminogen activator (uPA); bispecific
antigen-binding untis for targeting immune complexes to cell surface receptors such as
anti-low density lipoprotein (LDL)/anti-Fc receptor (e.g. Fcy RI, FcyRII or FeyRIII);
bispecific Abus for use in therapy of infectious diseases such as anti-CD3/anti-herpes
simplex virus (HSV), anti-T-cell receptor:CD3 complex/anti-influenza, anti-FcyR/anti-
HIV; bispecific Abus for tumor detection in vitro or in vivo such as anti-CEA/anti-
EOTUBE, anti-CEA/anti-DPTA, anti-p185 HER2 /anti-hapten; BsAbs as vaccine
adjuvants (see Fanger et al., supra); and bispecific Abus as diagnostic tools such as anti-
rabbit IgG/anti-ferritin, anti-horse radish peroxidase (HRP)/anti-hormone, anti-
somatostatin/anti-substance P, anti-HRP/anti-FITC, anti-CEA/anti-.beta.-galactosidase
(see Nolan et al., supra). Examples of trispecific antibodies include anti-CD3/anti-

CD4/anti-CD37, anti-CD3/anti-CD5/anti-CD37 and anti-CD3/anti~-CD8/anti-CD37.
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specificities. A "nonospecific" Nsc Abu is a nolecule capable of binding to
one or nore antigens of the same kind. A "multispecific" Nsc Abu is a

nol ecul e wawsngoebi ndi ng specificities for at | east two dipCrarsent4ssnt i gens.
Whi |l e such nmol ecules normally wll only bind two distinct antigens (i.e.
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anti-CD3/antT- OVCAR-3, anti- CD3/L-Dl (anti-colon carcinom),

ant i - CD3/ apfhitof Bl ANQAOBBEPNUE 8515879388 3)tyMebembianad ethodsn tOthéFe Abus
receptor/anti-CD3, anti-CD3/anti-CAVAL, anti-CD3/anti-CD19, anti- CD3/ MoV
18, anti - npiludk afidn-ihdini @oleml sctdbiliZeliGahé subfjéct BEIBrodimernizatiohat e bi ndi ng
protein (FBP)/anti-CD3, anti-pan carcinona associ ated anti Rfen

( AMOC- 31) / seajubndebsee ehy. Simré 18)c ankbdAb fiapiments §Wardretntli, (1089) Nagre gdbdtdcal |y
to a tunor antigen and one arm which binds to a toxin such as .

ant i - sapor 546 awhichlcdnsist ofat VH dbaeinsand ansisglatie gomphmentatitydeserminigg segion
anti-CD38/ anti-saporin, anti-CEA anti-ricin A chajn aati -int er.fe}rggin-%x

(1 EN- a) / anfGDRybAngsarapiedif etlipking neptide @EM\@@WWL&'@B bridges WPEPXIBARNS-f or

ti [ d pr.od h. i - CD30/ i -al kali
Phosphat ASEm(IHVE (B4 PPy EOder B AEE IR Oy BT ROpROUDHA B o
hasphat asE{AVER BREEPERISLHIVERP N ST O
agents suchdt> b B Rtss B Bea 1o T e e R b L. ©
ents. suchFEiS: AL FibY PHS . . S CEPAY
ant i gen- bi A HERs Wpanpu EEPHESH AIRRAEL] Kk dbnct By AURREREH

or i nun S to ce surfac

receptors ﬁﬁ%ﬂ@ﬁ ‘f*’%“*ﬁ“épﬁ%ﬁ? F«)ﬁ{ }é@éddslﬂlﬁ’é%_ra% Fllidd (tbddDdr aAd stabilizE€ B R paf

(e.g. Fcy I specific Abus for use in therapy of

i nfectiousofi ﬁéteﬁdﬁﬁeﬁz?ati%ﬁfs&?%s@%'b sHRYsRAE be Sbd¥Ribied iviahy drderiSv) ,
anti-T-cell reCeptor: CD3 conpl ex/anti-influenza, anti-FcyR anti -
example, VH—(first heterodimerization sequence)-(second heterodimerization sequence)
—VL, or Vi—(first heterodimerization sequence)-(second heterodimerization sequence)
—VH.

83 A “repertoire of antigen-binding units” refers to a plurality of antigen-binding
units, at least two of which exhibit distinct binding specificities. A genetically diverse
repertoire of antigen-binding units refers to a plurality of antigen-binding units, the
majority and if not all of the antigen-binding units exhibit unique binding specificities
with respect to each other. Genetically diverse repertoire typically has a complexity of at
least 10° to 10", preferably between 107 to 10°, more preferably between 10% to 10'°,
even more preferably between 10% to 10! distinct antigen-binding units.

84 An antibody or Abu “specifically binds to” or “immunoreactive with” an antigen
if it binds with greater affinity or avidity than it binds to other reference antigens
including polypeptides or other substances.

85 An Abu is displayed “on the surface of a host cell” when the Abu is presented at

the outer surface of a host cell. The displayed Abu may be directly attached to the outer
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H'V; bispecific Abus for tunor detection in vitro or in vivo such as
anti-CEA/ anti- EOTUBE, anti-CEA/anti-DPTA, anti-p 185 HER2 /anti-hapten;
BsAbs as wawmsim®69 adj uvants (see Fanger et al., supra); amdThiSspassfic Abus
as diagnostic tools such as anti- rabbit IgG@anti-ferritin, anti-horse

radi sh peroxi dase (HRP)/anti-hornone, anti- somatostatin/anti-substance P,
anti - HRP/ ang | i - - gal i et al.,
supra). . Exappis b Bl il be indfkay SRAK BILERNT ol BRI

CD4/ ant i - CO}Yn " e Iz / and anti-CD3/anti-CD8/anti-CD37.
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Abu")gg ef ers to euHRIRE PREERINBREquentls RO tolsBunBE: HABLNEtOdispIAE of V
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that enabl egetérbRgoliosdatervesleT gsicallys tirgiuefad pricsénting Redquentds. #e prefém@hehshai n
Fv ("scFv") as described in Bird et al. (1988) Science 242:423-426 and

Hust on et aduter(siffda&) ofRN&netid padkafe, B85 Phagpyorrtectenini Reaferradedunfads pref¥dimig Sc
Abus include antigen-binding nolecules stabilized by the subject

het er odi mersegugriconof shagea dnpldisof(MéR filangentdtisgphage. 18) , and dAb fragnments (Ward
et al., (1989) Nature 341:544- 546 ) which consist of a VH domain and an

i sol a%d conpl i nedwtigent gs wed deraimmegns agibsiancy GER recagnizrdand bowkd a | i nki ng
peptide is (GGGGS}S whi ch bridges approxi nmat el ¥ 3.5 nm between the

carboxyl t ewsfifigallnby amantipodzgAdisensranrecluds prptides. Rroteins. lycanwieias, v

o e SOHEE A A o USSR o o 201 ona
Pl S 50 0 A A TR SR B e o
het er odi et d gl it REAUBC R ned i SERKB LA InPEARSRIG R AR der . for

exanple, V erodinerization's secon neri zation
sequence) - Wl (14 ] ) By i = d

het er odi ner%lgl‘léotpf%m\é{’gcgigﬁge 1@% ﬁ{8d(3)l(ﬁ?61\ "r e%gérdtsgéﬁ;ezﬁg?& Egﬁlt% ?Iréééﬁ&ﬁﬁg uni ts”
refers to aiplepfahichibrite Rbicin?asa BlaRdhdifbrakéhiobein &at badSds dci¥ds BHe Il Ch

exhi bit distinct binding specificities. A genetically diverse
bilayer of the plasma membrane of a cell. A typical integral membrane protein consists

of at least one “membrane spanning segment” that generally comprises hydrophobic
amino acid residues. Peripheral membrane proteins do not extend into the hydrophobic
interior of the lipid bilayer and they are bound to the membrane surface by noncovalent
interaction with other membrane proteins. |

89 The terms “membrane”, “cytosolic”, “nuclear” and “secreted” as applied to
cellular proteins specify the extracellular and/or subcellular location in which the cellular
protein is mostly, predominantly, or preferentially localized.

90 “Cell surface receptors” represent a subset of membrane proteins, capable of
binding to their respective ligands. Cell surface receptors are molecules anchored on or
inserted into the cell plasma membrane. They constitute a large family of proteins,
glycoproteins, polysaccharides and lipids, which serve not only as structural constituents
of the plasma membrane, but also as regulatory elements governing a variety of
biological functions.

91 A “heterodimeric receptor” encompasses celtular proteins composed of two

proteinaceous subunits which exhibits binding affinity to a ligand. The two
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repertoire of antigen-binding units refers to a plurality of
antigen-binding units, the majority and if not all of the antigen-binding
uni ts exhwbios/owesgue bi nding specificities wth respect tProTason4ssher.
Genetically diverse repertoire typically has a conplexity of at |east 106
to 1013, preferably between 107 to 109, nore preferably between 108 to
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via a host pegtbired hétbhodi@ et sptiis aleatiRlcat Bbmamepb@prP@dlihaivee: aB§1999)r f ace
presenting sequences" refers to sequences that facilitate display of

het er ol 0goWs0s Ntk Aeas ScT\DiS: Al93y10)14664-260T)aedBirand ediBhrpcsgouamnadex,ar e
present on the outer surface of a genetic package, e.g. phage or bacteria.
Preferred sndCapetgn-esupled regeptomsnendieg buf ngshingjtedite opioid (@dmedies of. (@Bt ous
phage. 87 "Antigen" as used herein neans a substance that is recognized and
bound spedh Newabdignde20622)aRECl b Jordamesi abe@d 89V dVrtineci Nefd 7pkf).iraessarinic,
proteins, glycoproteins, ol ysaccharides and |ipids; portions thereof and
conbi nat i oPURBIEtsIOtORY, ﬁ‘&ngﬁ;ﬂé%(dﬂléﬁn@pﬁ,anfl@@éb ramidigs pLrCEeRIRNSi gens” refers
to the plasma nenbrane g})‘ﬁ onents o [ t en.co]r&g]? es.integral and

|1,

peri §Reral menbr W8RG ,apﬁrlg?laeé?g{og%ﬂé‘}atbsdﬂ’yél&& glonah¥ ™| i pi ds

t hat ti 1 | A S . al nb in. |

{r ansmonbr Aiingpishe] Fofiolier Bptans of e Busin rspid FHRRRA)H M Brling s ma

e ane lndniiihie Sl iTeol bRt aPERABRBOISAGER b Opul 2t
am no aci d 655 ES: seagegﬂctgﬂglaﬁ%%@g@as%aa@a 35 cHBpIAGh-a830cRAdt. i nto the

hydr ophobi ¢ "1 nterrior yer and they are bound to the
nenbrane syhdRsRs E’My ARBER\iRERAY by internal homologies that arise, for example, from gene

duplication. Functionally-defined domains have a distinct biological function(s). The
ligand-binding domain of a receptor, for example, is that domain that binds ligand. An
antigen-binding domain refers to the part of an antigen-binding unit or an antibody that
binds to the antigen. Functionally-defined domains need not be encoded by contiguous
amino acid sequences. Functionally-defined domains may contain one or more
physically-defined domain. Receptors, for example, are generally divided into the
extracellular ligand-binding domain, a transmembrane domain, and an intracellular
effector domain. A “membrane anchorage domain” refers to the portion of a protein that
mediates membrane association. Generally, the membrane anchorage domain is
composed of hydrophobic amino acid residues. Alternatively, the membrane anchorage
domain may contain modified amino acids, e.g. amino acids that are attached to a fatty
acid chain, which in turn anchors the protein to a membrane.

93 A “host cell” includes an individual cell or cell culture which can be or has been a
recipient for the subject vectors. Host cells include progeny of a single host cell. The

progeny may not necessarily be completely identical (in morphology or in genomic of
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interaction with other nenbrane proteins. 89 The terns "nenbrane",
"cytosolic", "nuclear" and "secreted" as applied to cellular proteins
speci fy tweoamt2aecel | ul ar and/ or subcel lular | ocation in wairasor/msszel | ul ar
protein is nostly, predomnantly, or preferentially localized. 90 "Cel
surface receptors”" represent a subset of nenbrane proteins, capable of
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residue. Non-limting illustrative heterodimeric receptors are those that
bi nd to gr ddenticdl{eitler snorphajogiballye gendtypicallye or ghenatypidatly etoghe pargnt cell.

y-Am nobutyric acid), and other organic or inorganic small nolecules (e.g.
m nedal ocort i coiAd‘definad oredivmi’trsfety to a Meditioy qomprisengarusdiionsl prd hasswpebrs are
nucl ear hornone receptors (Bel shaw et al. (1996) Proc. Natl. Acad. Sci. U
S. A 93( 10yeqéemenopyessay foathe sarvisiehmnl/pregraptod! the aellsdn cultyyg guch that the

G protein-coupl ed receptors including buf not Iimted to | Qi d. (Gones et
al . (2000) compongts fthe m@é@nzer@ﬁ?wn@r%ﬁ ll,ahlofhlﬂéﬁfe"é‘?dt@f*&ﬁ@%%@%e%t ure
399: 697-70Q) , scari.nic,...do 1 Nne, ser.otonjn, adenosi ne/ dopam.ne, ..and
CABAB. { an HoES Py B Aion G Skl e B e B TP, e BB e
that is physically or functionahly..dis{i i rtions of
the protei ﬁu%’llv%eﬁwlﬁ%ﬁy’ ghegée?iglgﬁl P})/?d H“g? § I%)gggggﬁﬂaé!gﬁg Lé ?Jr;]ﬁéﬁé%gl{ ?ﬁ%s&é{ego% no

aci d sequenges f {iﬁtf?ﬂ‘é\ﬁin‘é)&(é%g&i@s@aaglaﬁ e%ﬂﬁeﬁ%ﬂﬂ&é bcis, aPH qg&ﬂz'ﬂllé Basic SUch as
t hose sequénces at are“mentir ane- assocl ated or cytoplasm associ at ed.

o % S Ry S kot s bagin g iy o e o

bi ol ogi cal chibaR§draR(stth as'flBcose; c) vitamins and/or other organic compounds required at
low concentrations; d) free fatty acids; and e) trace elements, where trace elements are
defined as inorganic compounds or naturally occurring elements that are typically
required at very low concentrations, usually in the micromolar range. The defined
medium may also optionally be supplemented with one or more components from any of
the following categories: a) one or more mitogenic agents; b) salts and buffers as, for
example, calcium, magnesium, and phosphate; c¢) nucleosides and bases such as, for
example, adenosine and thymidine, hypoxanthine; and d) protein and tissue hydrolysates.

96 As used herein, the term “isolated” means separated from constituents, cellular

and otherwise, in which the polynucleotide, peptide, polypeptide, protein, antibody, or
fragments thereof, are normally associated with in nature. As is apparent to those of skill
in the art, a non-naturally occurring the polynucleotide, peptide, polypeptide, protein,
antibody, or fragments thereof, does not require “isolation” to distinguish it from its
naturally occurring counterpart. In addition, a “concentrated”, “separated” or “diluted”
polynucleotide, peptide, polypeptide, protein, antibody, or fragments thereof, is

distinguishable from its naturally occurring counterpart in that the concentration or
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| i gand- bi ndi ng domain of a receptor, for exanple, is that domain that binds
| igand. An antigen-binding donmain refers to the part of an antigen-bi ndi ng
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mor phol ogi cal Iy, _genotypjcally, 9 henot ypi,cal | to.the parent cell. 95 A
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the form Thus, the resulting recombinant fusion protein is a single protein containing two ore

more segments that correspond to polypeptides encoded by the original OFRs (which
segments are not normally so joined in nature.) Although the reading frame is thus made
continuous throughout the fused segments, the segments may be physically or spatially
separated by, for example, in-frame linker sequence (e.g. “flexon™), as described infra.

99 In the context of polypeptides, a “linear sequence™ or a “sequence” is an order of
amino acids in a polypeptide in an amino to carboxyl terminus direction in which
residues that neighbor each other in the sequence are contiguous in the primary structure
of the polypeptide. A “partial sequence” is a linear sequence of part of a polypeptide
which is known to comprise additional residues in one or both directions.

100 “Heterologous” means derived from a genotypically distinct entity from the rest
of the entity to which it is being compared. For example, a promoter removed from its
native coding sequence and operatively linked to a coding sequence other than the native

sequence is a heterologous promoter. The term “heterologous™ as applied to a

polynucleotide, a polypeptide, means that the polynucleotide or polypeptide is derived
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volune is greater than "concentrated” or |ess than ' separat ed"  than that
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i nt erchangeably herein.” These terns

nucleotide analogs. If present, modifications to the nucleotide structure may be imparted

before or after assembly of the polymer. The sequence of nucleotides may be interrupted
by non-nucleotide components. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling component.

102 “Recombinant” as applied to a polynucleotide means that the polynucleotide is
the product of various combinations of cloning, restriction and/or ligation steps, and
other procedures that result in a construct that is distinct from a polynucleotide found in
nature.

103 The terms “gene” or “gene fragment” are used interchangeably herein. They
refer to a polynucleotide containing at least one open reading frame that is capable of
encoding a particular protein after being transcribed and translated. A gene or gene
fragment may be genomic or cDNA, as long as the polynucleotide contains at least one
open reading frame, which may cover the entire coding region or a segment thereof.

104 “QOperably linked” or “operatively linked” refers to a juxtaposition wherein the

components so described are in a relationship permitting them to function in their
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e O ool gt RS BB S g B PPN RS YRSt o=
oo el it ket B BB el of, rucleot des of any
therggg. Pol ynug| eQlidlps,sTRYd herein refers to a biological entity containing expressed

genetic materials. The biological entity is preferably plant, animal, or microorganisms

including bacteria, viruses, fungi, and protozoa. Tissues, cells and their progeny of a

biological entity obtained in vivo or cultured in vitro are also encompassed.

109 A “vector” is a nucleic acid molecule, preferably self-replicating, which transfers
an inserted nucleic acid molecule into and/or between host cells. The term includes
vectors that function primarily for insertion of DNA or RNA into a cell, replication of
vectors that function primarily for the replication of DNA or RNA, and expression
vectors that function for transcription and/or translation of the DNA or RNA. Also
included are vectors that provide more than one of the above functions.

110 An “expression vector” is a polynucleotide which, when introduced into an
appropriate host cell, can be transcribed and translated into a polypeptide(s). An
“expression system” usually connotes a suitable host cell comprised of an expression
vector that can function to yield a desired expression product.

111 A “replicon” refers to a polynucleotide comprising an origin of replication

(generally referred to as an ori sequence) which allows for replication of the
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have any three-di nensional structure, and may perform any function, known
or unknown. The follow ng are non-limting exanples of polynucleotides:
codi ng orwp@pAatwad ng regi ons of a gene or gene fragnent, PCOAIS0Z/2458LS)
defined fromlinkage analysis, exons, introns, nessenger RNA (nRNA),
transfer RNA, ribosomal RNA, ribozynmes, cDNA, reconbinant pol ynucl eoti des,

PL?PEP Z? Froliieange e anncetan uos il deritiles ey My spBiihgs Scauence:
i f -| d
Plac?lglcj)tc i geé gh%fnq%{ﬁ%ﬁgp?ﬁ ‘8813%%8'%@90‘1’%: ‘r?%'tsdgn énu&%b‘i? | caofq%é\@tagt te he

nucl eot i de S”H&Hﬁ'ési may be inparted before or after assenbly of the

pol ymer. sequence of nucleotides may be interrupted by non-nucl eotide
conponents. A polynucl eotide may be further nodified after polynerization,
such as by conjugation with a | abeling conponent. 102 "Reconbi nant” as
applied to a pol ynucl eoti de neans that the pol ynucleotide is the product
of various conbinations of cloning, restriction and/or ligation steps, and
ot her prOceﬁﬂﬁaﬁcERﬁﬁoﬁﬁﬂﬂﬁ&rbﬂﬂﬁ]ﬁ@ﬂﬁﬁﬂu@hﬂkﬂat is distinct froma

pol ynucl eot1de found | nature. 103 The terns "gene" or "gene fragment”
are uged inter cAamg'ealabyvd;pr@enassa'ﬂnbLy ofipelypeptide subpuitsmofotneatsialile cont ai ni ng
at | east one open reading frane that is capable of encoding a particular
protei n af t@nploeisngquiraite enire thedriologicahfinetiadof a&ng]éwr@rpr@fékﬂe f ragment
may be genom c or cDNA, as long as the polynucleotide contains at | east one
open readi Agedrdiagly, awhnte) appegt efile PTQSP@ %YRHFIPE lsctbl desien ekp srhmAuethat gnent
thereof. 104 "QOperably |inked" or "operati veI nked" ef ehs

j uxt aposi tPllﬂblqmé‘?‘éﬁ%a%ﬁ@"”c‘(fr?ﬁ@ﬁ@ﬁt‘%"@@%?@ It%e ?céfl’rgt i onship

Pﬁ{ ?ngghngﬂ;ﬂqgi%ot h%nq%‘tétlflgﬁﬁ‘i??st I?BWI%’E?E’FV\D?E%WMZOG%EB ?ig%gf?nked to a
coding se %}e?g mgf@g Sﬁ{eﬁlfa ?%&egeé%%ﬂﬂ%%f?s&h%ﬂb% v&ho@é‘ﬁiﬁ?hgtsb é8{1e§ he

codi ng seq 'S a gene co

het er ol 090y 2neRd oY S AS@Q&B&%% spddid stufiit! 1T GRIRIRIAEY. - Distinguished from

the previously reported chimeric Abus, the subject Abus have one or more of the

following unique features. First, the Abus are reconstititued via pairwise affinity of two
heterodimerization sequences, at least one of which and preferably both of which, lack(s)
detectable propensity to form homodimers. Unlike the previously reported dimerization
sequences such as Fos and Jun leucine zippers that are known to form homodimers
under both physiological buffer conditions and physiological body temperature (O’Shea
et al. (1992) Cell 68: 699-708; Vidal et al. (1996) Proc. Natl. Acad. Sci. U.S.4), the
subject heterodimerization sequences are essentially incapable of forming homodimers
either under the specified buffer conditions and/or at the specified body temperatures.
The subject heterodimerization sequences may be also distinguished from the previously
employed sequences at the structural level as detailed below.

113 In one embodiment, the present invention provides a chimeric heteromultimer
displayed on the surface of the host cell, wherein heteromultimer comprises: (i) a first
polypeptide fused to a first heterodimerization sequence and a surface [;resenting
sequence; (ii) a second polypeptide fused to a second heterodimerization sequence;

wherein the first and second polypeptides dimerize via pairwise affinity of the first and
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106 A gene "database" denotes a set of stored data which represent a
collection of sequences including nucleotide and peptide sequences, which
in turn repraseassy a col l ection of biological reference nmRCErisal/s4s8107 As
used herein, "expression” refers to the process by which a polynucleotide
Is transcribed into nRNA and/or the process by which the transcri bed nRNA
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bi ol pgi cal entify, % PEmbEiiaRnY, (R frebent HVeBon pidvidel & NeeAbANh&Bmpriged: udi ng
bacteria, viruses, fungi, and protozoa. Tissues, cells and their progeny of

a biol ogi Ggh 1ight-tlain PEYPEPIRIE comMpYiking aQight-Uhditl h&dableiregidn linked €o akisx
enconpasse%? 139 A "vgc??)?@ S apnuc?ei é; acid nol eculeeg, preferably

sel f - repl i EablofBnerbAtichsdquaief )% heavy-chair pbiygeptidel coipriaiige hvavechdie i nto
and/or between host cells. The termincludes vectors that function
primarily {atablenegiohiliniedto Didond hibiddimerization e¢duences pibiersin theright-chaiect or s
that function primarily for the replication of DNA or RNA _and expression
vectors t haid theheavyechaimpolypeptides dipterign viaminyise sfiniy af thedirgrnd seCoplia or
RNA. Al'so included are vectors that provide nore than. one, of e above
funct i ons. het¢odismerizetipn ssspicagessasdeast ong of vghighsassratially ingap %‘IF#’HW%’&?
introduced into an approprijate host cell, can be transcr.ihbed .and

transl all;) ledh‘i;]m@@ﬁ&f podsy phpsiplogrcal guéﬁﬁ COH@GB’E‘%@'&/ Gt Q{}%?@Prglcagl?gp'l y connot es
a suitable host cell_ conprised of an expression vecto nction
to yield atederawgs-clnnother gspesth fhrresen Eli’e%“”}%fﬁr’finaé%?ﬁi‘]%E g?’ érsvs}ﬁ)'zg %{h%
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replicons PRETS
In one aspect, the first and second heterodimerization sequences comprising

heterodimerization receptor sequences that mediate heterodimerization of the receptors.
115 In a separate embodiment, the present invention provides a Sc Abu which
comprises a light-chain variable region and a heavy-chain variable region connected by a
first and a second heterodimerization sequence spanning the distance between the C-
terminus of one of the region to the N-terminus of the other region, wherein the two
regions form an intra-molecular dimer via pairwise affinity of the first and second
heterodimerization sequences, at least one of which is essentially incapable of forming a
homodimer under physiological buffer conditions and/or at physiological body
temperatures. In another aspect of this embodiment, the present inventidh provides a Sc
Abu wherein the light-chain variable region and the heavy-chain variable region form an
intra-molecular dimer via pairwise affinity of two heterodimerization sequences that are
derived from heterodimeric receptors. In one aspect, the first and second
heterodimerization sequences comprising heterodimerization receptor sequences that

mediate heterodimerization of the receptors.
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(such as plasmds), as well as chronpsones (such as the nucl ear or

m tochondrial chronosones). Chineric Heteromultinmer of the Present

| nvent i orw03/0896Not ed above, proper assenbly of pol ypept ipda/sobeusBrs to
forma stable conplex is required to ensure the biological function of a
mul timeric protein. Accordingly, a central aspect of the present invention
Is the design of a technique that enables specific assenbly of sel ected
nononeri c pol ypeptides to effect efficient production of heteronultiners.

The experi tal design is partieularly useful for enerating and
screeni ng ?6@"’%’&”4&2 Ioflf t’_%’ﬁ%ﬁ’"ggc%bgs whose bi ngl ng spec?f icities
depengson t he a%%sé}gll[%ct%;s a‘}@?}gfg];tptgdr 1O Aﬁus'l%.lv ngﬁ)l%g% u(ﬁe BGbove-

D stingui shed from e pr eported ¢ s, the subject Abus

have one o 'ineggf)ﬁecpéha}&?eris{i@. | F]%‘!}tﬁﬂe H&El}@)ﬁﬁnér%ﬁé'ﬁ Stueides Fust &NE0iPAIBWRE €

reconstititu via palrwse affinity of two heterodinerization sequences,

at | east oy kel BRAatRIES b1y cdiRplex OBy Yhable? is medef at tidejoagiabbe
propensity to form honodi ners. Unlike the previously reported dinerization

sequences gifidr idsuffieRn@ylbngd ladtihg trpoisst bepren shet fombatioh@f Kiewomplex drdimer,
honmodi mers under both physi ol ogi cal buffer conditions and physi ol ogi cal
body t enpenad its subsédudhiedetectidbn ad/on(piRifi2jticGe | The 68mple 9 didgsr mustilzl abde toal .
(1996) Proc. Natl. Acad. Sci. U S. A, the subject heterodinerization
sequences avithsiand whatenér opnditicmyexist er @ intdutaddpetueendhamementaifforarationder t he
specified buffer conditions and/or at the specified body tenperatures. The
subj ect hetaed Seimement of deactivagibesscenditiays hringa Byctinnafithgasmayadeactiom t he
previously enployed sequences at_ the structur | evel as_detail ed bel ow
113 I'n one Wﬁb%ﬁ@?ﬁ?ﬂﬂ@dpfé@%ﬁqblyiﬁﬁ% agpn Bﬁllj‘@ FefaRlex of fineg 5 carried out
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heating, adding additional solutes or solvents to the reaction mixture (such as denaturants),

and competing with additional reacting species. Stable complex or dimer may be
irreversible or reversible, but must meet the other requirements of this definition. Thus, a
transient complex or dimer may form in a reaction mixture, but it does not constitute a
stable complex if it dissociates spontaneously under physiological buffer conditions or as a
result of a newly imposed condition or manipulation introduced before detection.

117 Second, the selected heterodimerization sequences must exhibit pairwise affinity
resulting in predominant formation of heterodimers to a substantial exclusion of
homodimers. Preferably, the predominant formation yields a heteromultimeric pool that
contains at least 60% heterodimers, more preferably at least 80% heterodimers, more
preferably between 85-90% heterodimers, and more preferably between 90-95%
heterodimers, and even more preferably between 96-99% heterodimers that are allowed
to form under physiological buffer conditions and/or physiological body temperatures.
In certain embodiments of the present invention, at least one of the heterodimerization
sequences employed to reconstitute an Abu is essentially incapable of forming a

homodimer in a physiological buffer and/or at physiological body temperature. By
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second heterodinerizati on sequences; wherein at |east one of the

het erodi nmeri zati on sequences is essentially incapable of formng a
honodi merworder2ophysi ol ogi cal buffer conditions and/ or atPCplysez/eiseyi cal
body tenperatures. 114 In anot her enbodi nent, the present invention
provi des a Nsc Abu that conprises: (a) a light-chain polypeptide
conprising a |i -chali rariabl e region linked t.o a first

et br oai maressentaly eghabIR: <> memy: et b el R R AR I g Mitthg o
heavy- chai val abl ' [ d . ' ' ] .
cequence.  WRHETRATHE bR etee R ATRBIIRER 1 80Nl St Bflation
di merize vi LM i B , i . r1Q@e} Lzation
sequences, POt AL nRlercrof ol (1559) PROADRERDSE, [RePR0OT LA
homodi mer  URdssvipiwad-aY ks fe%gt Dl B (s i Whider ANRAAFe ADIDIBYE: BTRERDA
body tenperatures. In another aspect, the present invention provides a Nsc
Abu whose tdiRciflchBy) K mivatier 8iHl. Hate dB@BMtratddctyscBh AN sx@Erilenee tHat thevi a
pairwi se affinity of the first and second heterodi nerizati on sequences
that are deieteredinieriaatidneicquiaaded®f (4 BAgaesptors. andl2) whies tessideddne, sdtbméntr St

and second heterodinerization sequences conprising heterodinerization
recept or setienmelectlhomassaxfitid moheherodienphyisidegical cohditihes andagpt ors. 115 In
a separate enbodiment, the present invention provides a Sc Abu which

conpri ses aphypighgicahhody temperatires (eegyiabd7 &)d Whenanixgd oheduimolar arapums,r egi on
connect ed % a first and a second heterodi nerizatjon seqntéence spanni ng the
di st ance betHBdm reerpta-l andhhetgrediprerizaiioniequenses sgimentiad theqeolgeularmessus  of

the other region, wherein the two _regions forman intra-nplecul ar djpner
via pai rw sOmssRqndingodie hetgrodiner of the géemcesf@%f%ﬁ? Tof Raumessy etal.).

, | . igh i tally i bl f f '
Rorm rer SRR AR hé*?%oﬁw#rizeﬁéifﬁe&fu%?cgﬁéméﬁ%? Feutd APl
mventi on Arevpaee of QuhoSn RRRRS ol ooh e ReERBRALGERY apily BERRRR L e

heavy-chal W%éﬁﬁkﬁdfngﬂju?ﬂotﬁ%ﬂ%ﬂa Sﬂﬁ?h@ﬂ‘%ﬁs@é}hﬁm |fyer via pairwse

affinity of eferodi meri zati on sequences that are derived from

het er odi mrihﬁnﬁr%?&iﬁfaﬁon.' ThONEviAs BEEYs mubtebef dohdhctéehdee & PRfsiological
het er odi meri zati on sequences conprising heterodi neri zati on receptor

sequences thdfer coRittiedsCaltPbieirofttdbiy atzsblykiolbgital bo®; tepeRuREs - Gélerally, a

physiological buffer contains a physiological concentration of salt and at adjusted to a
neutral pH ranging from about 6.5 to about 7.8, and preferably from about 7.0 to about
7.5. A variety of physiological buffers is listed in Sambrook et al. (1989) supra and
hence is not detailed herein. Preferred physiological conditions are described in
Kammerer et al., supra.

118 The specific association of heterodimerization sequences typically involves
noncovalent interactions. Such interactions encompass every exiting stable linkage that
does not result in the formation of a covalent bond. Non-limiting examples of
noncovalent interactions include electrostatic bonds, hydrogen bonding, Van der Waal’s
forces, steric interdigitation of amphiphilic peptides.

119 A further consideration in designing the subject Abu is to minimize any structural
interference between the heterodimerization sequences and the antigen-binding site of
the resulting heteromultimer. A variety of techniques is available in the art for designing

a chimeric heteromultimer with minimal internal structural interference. For instance,
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WO 03/ 012069 PCT/ US02/ 24582 Sel ection of Heterodinerization Sequences: 116
Several factors apply to the design of Abus having one or nore of the
above- newoDioenedechar acteristics. First, the heterodi nmeri rawiusn2/sseguences
must exhibit pairwise affinity to effect formation of a stable conplex. By
"stable" is nmeant that the conplex or diner is sufficiently |long-Ilasting

to persist between fhe Eor:{ﬁtion of. Ihag conpl.ex.or, dinmer, and its
subsequent YAPPTIASH YUY MG Rse; of piginna) fete ERFANOB SCHICETS RORIAIRIRE OBl abl e
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reaction m adtiges-birslighsitsresideeih uhieNt tSminalaidf CTARPREItHEd Wed Wy kil VarfaBR
reacting species. Stable conplex or dinmer may be 1irreversible or

reversi bl e, regiohs,itistprefesbled todinkttheheteredimereton sequéndeb isthd€-tepminmwf aThus,
a transient conplex or dimer may formin a reaction mxture, but it does
not const i tlight onheayyahhin. domthemaltemaiive distencamiEopsa YaxonAimeoreiatedinder
physi ol ogi cal buffer conditions or as a result of a newy inposed

condi ti on ofetyyes the patigembinding site ardiths detsradimetizationsaquenegoBheond, t he
sel ected heterodi nerization sequences nust exhibit pairwise affinity
resul ting i thifP@&EEm%nﬂ%anseﬁ hgyein, gefersda pfiexible polypeniigs dinker (ar 2

excl usi on of hormgi ners. Preferably, theﬁredogiyjlant, formati on yields a
het er omul t i THEIIE2E SPAUERSE encodine sPALa relypepide) whwhAmRica bomarises #pine

f bl o 09 h di J .pr ef ly. b 85- 90%
Rt er ot mor o e P Sl T8, Buelier oo Sofnd SringiNEREn A cven
f e 0 i ) d
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het erodi meri zati on sequences enployed to reconstitute an
essenti al | yinilgeapatlof e&dh §tRérMSugh @ construction generally provides additional flexibility

to the antigen-binding domain. Suitable flexons preferably comprise between about four
and about one hundred amino acids, more preferably about four to fifty amino acids, and
even more preferably about four to fifteen amino acids.

120 Heterodimerization sequences applicable for constructing the subject Abus can be
derived from a variety of sources. Generally, any protein sequences involved in the
formation of stable heteromultimers are candidate heterodimerization sequences. As
such, these sequences may be derived from any heteromultimeric protein complexes.
Representative candidate sequences are viral proteins such as the capsid proteins of
adeno-associated viruses, protein kinase phosphorylation sites that interact with SH2-
domain-containing proteins (Cantely et al. (1993) Cell 72: 767-778; Cantely et al. (1995)
J. Biol. Chem. 270(44): 26029-26032), domains of transcription factors and
heterodimeric receptors, which mediate heteromer formation.

121 Preferred heteromultimeric transcription factors are a-Pal/ Max complexes and

Hox/Pbx complexes. Hox represents a large family of transcription factors involved in
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honodi mer in a physiological buffer and/or at physiological body _
tenperature. By 31 WO 03/012069 PCT/ US02/ 24582 "essentially incapable" is
nmeant thawotobe129e4 ect ed het erodi meri zati on sequences whenPCTASIHRHS8E one do
not yield detectable anpunts of honmodimers in an in vitro sedimentation
experinment as detailed in Kamrerer et al. (1999) Biochem stry 38:
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absence of #wihmdv this sompiet bindh s DNee| Thecstruchee sieowathbt thé BemBydomaiabf ety of

protein analyses including but not limted to SDS-PAGE, Western blot, and

| mrunopr eci ?ﬁcﬁ aratein bidsdo jadjavént recogsition sequentesm apositrdides oftitkeDNa.

physi ol ogi cal buffer conditions, and/or fpref erably at_physiol ogi cal body

t enper at ur eeteradimerizatipn ogcurp Hyengl epgiasty formed betweema sixranino péigsi ol ogi cal
neutral pH ranging from about

dj d
6.5 to ;‘B‘ZLﬁe%ﬁ%itfdgh%te%aiiod%pﬁ%eéﬁeéﬁggimfa;a@d aipokel 17 PBS! v oty of
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neurotransmitters (e.g. y-Aminobutyric acid), and other organic or inorganic small
molecules (e.g. mineralocorticoid, glucocorticoid). Preferred heterodimeric receptors are
nuclear hormone receptors (Belshaw et al. (1996) Proc. Natl. Acad. Sci. U. S. A
93(10):4604-4607), erbB3 and erbB2 receptor complex, and G-protein-coupled receptors
including but not limited to opioid (Gomes e al. (2000) J. Neuroscience 20(22):
RC110); Jordan et al. (1999) Nature 399:697-700), muscarinic, dopamine, serotonin,
adenosine/dopamine, and GABAg families of receptors. For majority of the known
heterodimeric receptors, their C-terminal sequences are found to mediate heterodimer
formation.

123 | Where desired, sequences from novel heterodimeric receptors can be employed in
constructing the subject Abus. In such situation, the identification of a candidate
heterodimerization sequences in a given receptor pair can be determined by any genetic
or biochemical assays without undue experimentation. Additionally, computer modeling
and searching technologies further facilitates detection of heterodimerization sequences

based on sequence homologies of common domains appeared in related and unrelated
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interference between the heterodi nerization sequences and the
antigen-binding site of the resulting heteronmultiner. A variety of

t echni quewoiog/omped | abl e in the art for designing a chinmeriPCTESVBR43821 ti mer
with mnimal internal structural interference: For instance, 32 WD
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fl exi bl e pol ypeptide linker (or a nucleic acid sequence encodi ng such a

pol ypept i dSWISS-PROTYBSTaSTY, GO $ERGSM no  aci ds having smal | side
chains (e.g. glycine, alanine, valine, |eucine, isoleucine, and serine).
| ncorlgér ati ng f |Amoting phefemedclassnef heterodimerigatioasegientéssconsibis ©f ampbiphile
believed to pronote functionality by allow n% themto assune a

conf or mat i gaptides|thdtiadeptya coiladhepid halical stoicterac Ahehhkieal ceilastheod is ongsefthet i on
generally provides additional flexibility to the_antigen-binding, domain.
Sui t abl e f Ipsineips! banis pHEomerizaHpR Semleneas R BIPIRIBY URTImatySequgnge anBYRis one

e e B e R S e Lt L SRR o
can be- deidSEN o SRR D). SBehheRted et by ol oh R R s uences
het er oa medPIigs B PLER oL Ak StoRERR Fut®) (&€ B R Rl SR moser ¢ ¢ o
ars iral  palty EE Sy RGRl RipuR O TR AN, HRARASHLA pHRiAARE SihbraRquences
viruses, prp&eing ok EBaE S B9 AIRAYEIALhE Protéihe Sndl REll shrfic@réehbtod (e, SH2-

GABAGg receptors 1 and 2). Coiled-coil heterodimerization sequences of the present

invention can be broadly classified into two groups, namely the left-handed and right-
handed coiled coils. The left-handed coiled coils are characterized by a heptad repeat -
denoted “abcdefg” with the occurrence of apolar residues preferentially located at the
first (a) and fourth (d) position. The residues at these two positions typically constitute a
zig-zag pattern of “knobs and holes” that interlock with those of the other stand to form a
tight-fitting hydrophobic core. In contrast, the second (b), third (c) and sixth (£) positions
that cover the periphery of the coiled coil are preferably charged residues. Examples of
charged amino acids include basic residues such as lysine, arginine, histidine, and acidic
residues such as aspartate, glutamate, asparagine, and glutamine. Uncharged or apolar
amino acids suitable for designing a heterodimeric coiled coil include but are not limited
to glycine, alanine, valine, leucine, isoleucine, serine and threonine. While the
uncharged residues typically form the hydrophobic core, inter-helical and intra-helical

salt-bridge including charged residues even at core positions may be employed to
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domai n-contai ning proteins (Cantely et al. (1993) Cell 72: 767-778; Cantely
et al. (1995 J Biol. Chem 270(44): 26029-26032), domains of

transcri pwo®a/oizes ors and heterodinmeric receptors, whi chpegdisat/aspet er omer
formation. 121 Preferred heteronultinmeric transcription factors are a-Pal/
Max conpl exes and Hox/ Pbx corrpl exes. Hox represents a large famly of

; LZ:Z‘&[ er i APt pLcled ﬁ?ﬂ Hg,%gﬁ%“’wggﬁiép@c% o RIS B Ao "
s £ SR TR B R S g
het er o- par LGES: Ihaifrifon Wt ?@g%gf&%mpml%w% bl gk e

2. 35A crysta structure o ernar | er %o

under st and s E@x regi%éeﬁ%'iﬁ{eﬁﬁaﬁdﬁrsggﬁ%n‘egs ﬁ%hre@]?ﬂe gac f)ﬂlﬁeﬁégﬁ% bi nds

to DNA. Th ows that th OITB.II’IO h” prot'ein"binds to
adj acent r%ﬁ&@?&éfbﬁBly%ﬂ%ﬂﬁﬁ?t@ﬂv@Wﬂeﬁea% des of the DNA

Het er odi meri zati on ocCcurs through contacts forned between a six amno acid
hexapepti de N-t gh@eedghing Optitel digleaeel iBicfodietiintidh saqdndespoluedty ot PbxI
formed between helix 3 and helices 1 and 2. A C-term nal extension of .the
Pbx| homeodaistihg computes saftwat plogrdned that prbdict the cécondagistrattutesdfi axpeptitio cdror m a
| arger four helix honeodomain (Wl berger et al. (1999) Cell 96: 587-597;
Wl ber ger  die uaed. AillusBative c@d@iuters@alysis @es the COILBadgorithmivdrictofompares an
heterodi neric receptors have al so been identified. They include but. are
not |i m t edntino a¢idsequeneg wish ﬁ@nuencegmvherdaimﬁmfslﬂ(owngworﬁ@m@qﬂ qoiled coils,
neurotransmtters nobutyric acid), and other organic or

nor gani ¢ @"*ﬁ“"?;T*@ni@g“*@”"@blb?;“’;‘f%*ﬁ‘;Sfffiﬁ?“m‘%?"f 0 ) shaw
e o ol IIASERIIST S & oalio) i0d B ol
o2k topopl of‘ﬁﬁﬁ 5 Pl RSBl SRR ORTRISES SppdBtiA bR fahe

Jordan et r#a%ﬁﬁlhéi@%&@@@@mﬁfﬁre@@ collEd 881§§ 41k 8er|1__\9!3(a%ﬂ1 ﬂ@te ?ﬁ{’”' n,

adenosi ne/c I'es of receptors ) OF I t
known receptors. Accordingly, the present invention encompasses the coiled-coil d1mer1c

0)

sequences derived from GABAg receptors 1 and 2. In one aspect, the subject coiled coils
comprise the C-terminal sequences of GABAp receptor 1 and GABAg receptor 2. In
another aspect, the subject coiled coils are further linked to cysteine residues. The coiled
coils are GABAg receptor 1 and 2 polypeptides of at least 30 amino acid residues, one of
which is essentially identical to a linear sequence of comparable length depicted in SEQ
ID NO. 2, and the other is essentially identical to a linear peptide sequence of
comparable length depicted in SEQ ID NO. 4.

127 A linear sequence of peptide is “essentially identical” to another linear sequence, if
both sequences exhibit substantial amino acid sequence homology. Generally, essentially
identical sequences are at least about 60% identical with each other, after alignment of the
homologous regions. Preferably, the sequences are at least about 70% identical; more
preferably, they are at least about 80% identical; more preferably, they are at least about
90% identical; more preferably, the sequences are at least about 95% identical; still more

preferably, the sequences are 100% identical.
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het erodi meric receptors, their C-term nal sequences are found to nediate
heterodimer formation. 123 Were desired, sequences from novel

het er odi r&piog/ot®eept ors can be enployed in constructing Pog/Gsabp4ssr Abus.
In such situation, the identification of a candidate heterodinerization
sequences in a given receptor pair can be determ ned by any genetic or

model 1o and sdiretrRE bR oo Pe B R ?ﬁédrlgj ig?%@é%iﬁ Epe

h di : . ' Py

domai ns. appiatbyftes ?’%?ﬁ%%@ﬁ%lﬁﬂ B¢ @%@%ﬁ@%@@iﬁ%@@%%saz
 Non Ligiti _

Brast (o Pl e EAEE, Fmcliondl AHARE 4B b AR Pk, SREE IS oup

package,  MagbaPAhetoam@R Hitha pdttiy cHhiidd-coltheiRbA@and ikBiES to feBLATH,

Gent hreader, and MegAlign. Any sequence databases that Contalns DNA

sequences CigniddsReniidetptysiofbgidaBheidr chRESRsAUdRF pliysfRepTBA bodyRiPefanfa) be
used for sequence anal ysis. éommnl y enployed databases include but are
not 1129 ted to CErBanntiohNRtluddbiRadifitDBABAYRS&SoPREIizali&d seqbdifses Gheh and
HTGS. 124 Another preferred class of heterodi nerization sequences consists
of anphi phidre tunctiemliycemivialeat tcaifio ptquencmsicxemplified héreini ddbdified palypepgideIhe
helical coiled coil is one of the principal subunit oligonerization
sequences |proypdigampsoveRrsiability te thgueswtingapbis/ase prefereade dixantphestof modified
approximately 2-3% of all protein residues formcoiled coils (WIf et al.
(1997) Pr otRdilypegtides igelyderthose gith copgeryativp substitwtions efamino asil residnesg and ai ni ng
proteins include nbers of the cytoskeletal famly (e.g. a-keratin,

vi nentin), Wtoa%g@?lavowraﬂdmpaw gming agids WB& dpioysignilicandy and

cynel 02, Lol AT RS ehle (5, R e BEGL LTS o EpoLa o

| vont on cHAREE br Rl nE or p SR RS Bhe R DEIGE S8 B of deeiEn Gec
d riaht- . o The: Lettsh e ,

2Rar ;1:'? eri zge}g%gsatﬁﬁgél?‘ggg%%@ tlg- é%%i%% ggglg(g%cggbﬁl%ﬂ?ﬁﬁ? %izf@%(%l? F’raé?]ce of

apol ar r esi guRpably &5RERAIVAUbY¥ AR B8k & ndtMBleteriously affect folding or functional

properties of the peptide. Groups of functionally related amino acids within which
conservative substitutions can be made are glycine/alanine; valine/isoleucine/leucine;
asparagine/glutamine; aspartic acid/glutamic acid; serine/threonine/methionine;
lysine/arginine; and phenylalanine/tryosine/tryptophan. Polypeptides of this invention
can be in glycosylated or unglycosylated form, can be modified post-translationally (e.g.,
acetylation, and phosphorylation) or can be modified synthetically (e.g., the attachment

of a labeling group).

Configurations and Modifications of Antigen-Binding Units (Abus): \

130 The Abus of the present invention can adopt a variety of configurations. The
smallest non-single chain Abu is a monovalent ccFv fragment. The ccFv fragment is a
dimeric protein composed of VL and VH regions, which dimerize via the pairwise
affinity of the first and second heterodimerization sequences fused in-frame with the VL
and VH regions, respectively. Preferably, the ccFv contains a short flexon sequence that

provides additional flexibility to the VL and VH regions (see an exemplary ccFv in
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first (a) and fourth (d) position. The residues at these two positions
typically constitute a zig-zag pattern of "knobs and hol es" that interlock
wi t h t hoswoaB/o11ee9 ot her stand to forma tight-fitting hyecagisobe4sszore. In
contrast, the second (b), third (c) and sixth (f) positions that cover the
periphery of the coiled coil are preferably charged residues. Exanples of

h d ' i\d | ud d J.

S e N SR e S
d glut h

SET R - A
| |

{esi dues. tyRPedT hﬁ’?{éﬁ&?%‘g“ﬁﬁ‘?ﬂ&@ﬁ E%“%ﬂﬁ@wﬂﬁér%ﬁ“‘? i

intra-heli Cl?étero%lﬁm@'rd séd"&fi rHQx' RBarCORA 19864 gﬁﬂesafn \Ffﬁﬁﬁ either

positions may be enployed to 35 WO 03/012069 PCT/U 02/24582" stabilize the

overal | heltheal or@?b%eﬁf&e'&%oﬂiédﬁﬁdiﬂﬁﬁ)réE’del'éh@'\ﬂjre fon2lFor {néfaHED, ad Bi ol .
Chem 275:11672-1 Wher eas varying |l engths of coiled coi i maybe

enpl oyed, té)empcba.tpjbmleﬂﬂau)as askunis theadohfipuiation 6N@eBv)p heliiebd ih Eigoteal2d t wo
to ten heptad repeats. More preferably, the heterodinerization sequences
cont ai n t hr'ékee Heheaingiolypeptidan thispbetisfive bizalentibes gmedies e YHaoegibas, eadtour
to five heptad repeats. 125 In designing optinal coiled-coil

het er odi mer ¢fzshicl dinsesipge withsy Vi region wqpnetﬁtuteetmomtlg@-bmdplgs@ns sof t war e
programs that predict the secondary structure of peptide can be used. An
i |1 ustrati vAltewaivalsihehehginipolypspiide may oovids tw0g\SL regionspaciof odugdar es an

am no aci d sequence, W sequences in t dat abase qf kno t wo- st randed
coi | ed coi | $METZeRWih éé&éf%@%@ IRPIHUD @‘ﬁ %!%ﬂl‘&ﬁl?eédAémﬁqw%%q%‘gﬂﬁe@

vl ;eLL "t L&Ta\g%ﬂ}%%bw SEP RS v mase ﬁm%gﬁrgﬁ%#%gw\éﬁaw? Rerrl oved
h

et er od merfodeereB AR wE U (BT THEN S AbEririld Vf?ge%t?w‘/og%%s%ses

the coil ed- QQ%e Suegﬁﬁ ?ref&gﬁgﬁﬂc ) f of 88 eYe%jdlfrfeﬁH&t %%A&Jn% 595?51% ulcaZ)QQIe

one aspect, col npri se ter m nal Ssequences Of

GABAB 1 eCepéiOforntin ?Qﬂn@ﬁﬁﬁ&s [BGERIAMiZAN hﬂra—rﬁﬂf&&ﬁlﬁf digp@ation tB@@nﬁUbJ ect
coiled coils are further [inked to cysteine residues. The coil

nonfunctional VH/VH or VL/VL dimers. Applying this general antibody engineering

scheme, trivalent and tetravalent Abus can be constructed (see, e.g. Figure 12).

131 A variant approach to construct multivalent Abus employs a scFv or dsFv
fragment as illustrated in Figure 13. In addition to the building unit ccFv that provides
one antigen-binding site, Abus of this configuration contains one or more scFv or dsFv
fragments that are linked to the ccFv. The linked scFv or dsFv provides the additional
binding sites. For instance, a bivalent Abus may adopt the ccFv-scFv or ccFv-dsFv
configuration (Figure 13). Whereas one of the antigen-binding site is assembled via the
pairwise affinity of the heterodimerization sequences linked to the VL region and VH
region (as in ccFv), the other is provided by the scFv or dsFv fragment that is fused in-
frame with the VL region. Alternatively, the scFv or dsFv fragment can be linked to the
VH region.

132 The same approach can be employed to generate trivalent ccFv-scFv or ccFv-
dsFv Abus as shown in Figure 14. In one aspect, the trivalent Abus assumes the

configuration of ccFv-(scFv),, in which two polypeptides “VH-first heterodimerization
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coils are GABAB receptor 1 and 2 pol ypeptides of at |east 30 am no acid
resi dues, one of which is essentially identical to a |inear sequence of
conpar abl woloafgroho depi cted in SEQ |ID NO 2, and the ot herCrassezssati al |y
identical to a linear peptide sequence of conparable length depicted in
SEQ ID NO. 4. 127 A linear sequence of peptide is "essentially identical"”

to another | il?ear_ Vq,ueg%&. j f ﬁéth gequen 1esseexhi bi tcgsu st ant ival Eh%n‘i no
pcl d sequedoq MSMSr oy oHnerrty | SSSuRtraryys poum Ll SUHERESSare
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sequences Z[{ugd%OA)l’ e%?%}g%'n{nggvg%m y%%g%gﬁélé&%,% Zf%ﬁﬁ%%%%ghiyn

det erm ni n%%@W@VL%'WH?BWpQﬁi&@QA@t@ﬁﬁﬁvéﬁ&ﬁh@%ﬁﬁﬁ'&ﬂﬁh IAbus égbd cal , a
sequence that preserves thé functionality of the pol ypeptide with which it
i's being coypAs@ed as ccasdFvedsFar fythy &nfichetionMHRGS ilen@iticth-bidinhgites is
established by different criteria, such as ability to forma heterodiner
W th a pai rassegnbled lustistalsilizedsvgl te inter-maledulandibulfide Yotdbdtaeen @apaihof ©dteimsr
under physiol ogi cal buffer conditions and/ or physiol ogical body

t enper at ur essidd@ghatheldcated mtithimthie VH aoé ¥ Ledioh$ efithGABABrhgnentod fustherz at i on
sequences which are functionally .eclui val ent to the sequences exenplified
herei n. Modiatiaeicpfpibis gpepguratien is grivalentregFyv-(getae in whighitwe ofjthe bindieg sites
resulting Abus are preferred. Exanples of nodified  pol ypeptides include

{ hose it h ASBHBIG AEFY ETEbEer. . OIS 4. a?amh@ﬂlarcmalt%@nﬁﬁg@,vamats one or

e o) e Bl e S S e B P T

range from_changin b2 .m)dif}/i ng one or nore amno acid residues to

conpl et e reedlggl?lg%s%‘? %h?%]é’i"%tonas long as the pairwise affinity is

mai ntgisned. Am n I k J: I . h

consel?’\;’ati ve Sub&c?t?&ﬁg%?ﬁ % F}@téh{é@? ﬁ’gtth%%@gﬁggﬁ%glss?é&g ?‘ ggée—?g%yd%{_ ﬁg or

functional \pi9Reh h6Rclbs LAMRhIRDR birifhe (2P WaS: tRh distet dihehd Jorbfbrlied ani no
V\])m c t S be

acid_s Wi t hi n conservative su t|_tut|ons can made are
gl yci ne/ al aphmSpeckd ABE 4ré Bispeifio 8hd 814pbdific molecules exhibiting binding

specificities to two and three distinct antigens, respectively. Distinguished from
previously characterized multispecific antibodies (see e.g. U.S. Patent No. 5,932,448),
the subject multispecific Abus comprises one or more ccFv building unit with distinct
binding specificities. The subject multispecific Abus can also incorporate one or more
scFv or dsFv fragments as detailed above. Preferred bispecific and trispecific Abus are
configured according to the general structures depicted in Figures 15-17.

134 Aside from non-single chain Abus; the present invention includes single-chain
Abus that is stabilized by the subject heterodimerization sequences. Typically, the Sc
Abus comprises a VL and a VH region forming an intra-molecular dimer via the
pairwise affinity of the heterodimerization sequences connected to these two regions.
The heterodimerization sequences may be configured in either a parallel or anti-parallel
manner (see, e.g. Figure 18). In a parallel configuration, the two heterodimerzation
sequences are aligned such that they have the same orientation (amino-terminal to

carboxyl-terminal). In an anti-parallel configuration, the heterodimerization sequences
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aspar agi ne/ gl utam ne; aspartic acid/ glutam c acid,

serine/threoni ne/ net hionine; 1|ysine/arginine; and

phenyl al aworaft12090si ne/ t rypt ophan. Pol ypepti des of this imegniSoomsszan be
in glycosylated or unglycosylated form can be nodified
post-translationally (e.g., acetylation, and phosphorylation) or can be

nodi fi ed syntheticall e.d., the attach t of a |abel.in oup) .

Cont | gur at Mot Mshithet B rains S RARR R0t Ere P ALETRSTLS ) 20 The
Abus of the present . nventi.on n adopt ] of i ations. The
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provi des a@\%ﬁe [&zvﬂﬁ&f@y%bﬂl yorh%ﬁstebamm ads MFingeainsdd dRmsqogexenpl ary
ccFv in 37 /012069 PCT/ US02/24582 Figure 1). A nore conplex Nsc Abu is
a mul ti val ehfcid®DhiatinkevatiapAbhdngfisoiéuttieNghd @rinspriacdrporating dexviisibgbreenl t he
same ki nd ?i .e. multival ent but nonospecific) or different kind (i.e.

mul ti val entheatngd hatdrbdispeicatiorcsefbersls géhepillygirbyidesspatiblt flexahibtytforrthem t® a
heteromul ti mer conposed of nore than one L and H chain pol ypeptides, in

whi ch ei t hdorm ahintla-rooletilpndiyee pBuithbleflevos fordonanti-paraieleconhguraiore Vv
region. For instance, an_ exenplary bivalent Abus_assumes the configuration
of ~( ccFv) 2 pseferdblyi compist hetmegn pbout Four tabou oap APpdrpd PYAACIdSeMOFe t hi s
illustrative bivalent Abus contains two VH regions, ea‘():h of whi CL},

di meri zes reiprahinabopicignbte filky amimeracids: and siisn are gesterably dbay fonk todifteen
Alternatively, th

L_chai n_pal i d i de twp VL regi h of
ahi ch i mep3R8ciga-t Fle3ou foP Qi I9Fa Lot B SBe MDY s, As
hown in Figure 12 the mul tival s, stahili |81 RA LW
1imity of et i R Eebl Mo ThuRRL Rl il PORhal PR 0 o

ions. T i s afficiently b t least one, and
or of or abl y R aeb RS e Bl Y Cqences i or are | neapabl e

of fqnging homﬂyﬂae' itdaUsnd b thHeZalts of ndTRSRIGEY Rhy Bé TRbIppaltePR the form
nonf 3%?:1“ onal VH VH ?FSﬂ\;/e:z_liélnLé%liQhrrggre?a %\8%%?%@%. S gen%r al afr?téi body

engi neer i N. or C- terminus of the heterodimerization sequences to further stabilize the Abus of the

present invention.

136 The Abus of this invention may contain sequences derived from the constant
regions of an L chain or a H chain. Such sequences derived from the constant regions
are generally placed between a light-chain or a heavy-chain variable region and the
heterodimerization sequence to which it is linked. In addition, the light and heavy chains
may contain partly or entirely human sequences.

137 Methods for humanizing non-human antibodies are well known in the art.
“Humanized” antibodies are antibodies in which at least part of the sequence has been
altered from its initial form to render it more like human immunoglobulins. In one
version, the H chain and L chain C regions are replaced with human sequence. Thisisa
fusion polypeptide comprising a V region and a heterologous immunoglobulin C region.
In another version, the CDR regions comprise non human antibody sequences, while the
V framework regions have also been converted human sequences. See, for example, EP

0329400. In a third version, V regions are humanized by designing consensus sequences
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schene, trivalent and tetraval ent Abus can be constructed (see, e.g. Figure
12). 131 A variant approach to construct multival ent Abus enploys a scFv or
dsFv frawomawnizwsdillustrated in Figure 13. In addition t@crhsobedissdi ng
unit ccFv that provides one antigen-binding site, Abus of this
configuration contains one or nore scFv or dsFv fragnments that are |inked

to the ccFv, The |ipked Fv .or dsFv provid th dditi bi ndi

sites. For Of Rupan g mouss Y 1egions, %‘”ﬁ’ﬁ?l%gifmetsl%é%&‘g%é% tB?tl agr% ;chds Fv
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Al ternativel yetaiﬁﬁag %&ﬁ‘ﬁn@i‘hg gﬁgﬁgg{. ggggﬁg%lee 2ol k&b i anyHUARDI ON.

132 The sane appr h can generate trival ent ccFv-scFv or

ccFv- dsFv . Abusvéss &8 Miplate {67 OPREgrafting! RowdiRr,aRAMeen HB@ohstiawdl thit Abus
assunmes the configuration of chv-(scEv) 2, in which two pol ypepti des

"VHfirst @ﬂéigh@@DR&’ebléaéﬂl@ﬂ i@8 s DF4RIROEARTTIUSC 2GRl oseoflisindiagscFv"
and "VL-second heterodi nerization sequence-scFv" dinerize via the pairw se
af finity ofaffili totke heigenodilaser érzdt(1092)sk duenoals14%2 6o Tempester oh (E992)
binding sites. One of the binding sites is conposed of the VL and VH

regi ons of Bidrechmofogy X266; didhGhalabyt e alt(h892)ehEimi Mey. t1A2 1dr dhpmasre ded by t he
scFv fragnents |linked to the respective VL an VH pol ypepti des.

Al t er nat i vébyolageus alduAbiisite e osigingl sudbyéhe léﬁdfliebuﬁhéé a@u@ewrag@mﬂas Fv.

b o b e e By Pg 200,
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Abus. They (856 from human subgroup III. Kabat ef al. (1987). Various computer programs such

as ENCAD (Levitt et al. (1983) J. Mol. Biol. 168:595) are available to predict the ideal
sequence for the V region. The invention thus encompasses HuAbs with different V
regions. It is within the skill of one in the art to determine suitable V region sequences
and to optimize these sequences. Methods for obtaining antibodies with reduced
immunogenicity are also described in U.S. Patent No. 5,270,202 and EP 699,755.

139 It is important that antibodies be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, according to a
preferred method, humanized antibodies are prepared by a process of analysis of the
parental sequences and various conceptual humanized products using three dimensional
models of the parental and humanized sequences. Three dimensional immunoglobulin
models are familiar to those skilled in the art. Computer programs are available which
illustrate and display probable three-dimensional conformational structures of selected
candidate immunoglobulin sequences. Inspection of these displays permits analysis of
the likely role of the residues in the functioning of the candidate immunoglobulin

sequence, i.e., the analysis of residues that influence the ability of the candidate
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mul tival ent nol ecul es capable of binding to at |east two distinct antigens.
Preferred nultispecific Abus are bispecific and trispecific nol ecul es

exhi bi ti rgoBtony specificities to two and three di sti ncPCaniSnyzss;
respectively. Distinguished from previously characterized multispecific
antibodies (see e.g. U S. Patent No. 5,932,448), the subject multispecific

Abus conpri, ses one, Qt r.e,ccFv. bui L di,ng unit, with distinc i_ndi ng
speci fi ci ti‘régl.“n?é:%b@gb}%?d Hﬂf“%t}gfﬂei'i‘*hﬂ%wﬁ&’j ?ﬁ}quﬁ?%qeﬁfgfﬁgﬁﬁ e one or
nore scFv or.dskw fragnents _as detail ve. . P Ll i: ific and
trispecifi 8°IRBW§d§ng ﬁ%&ﬂ??eﬁﬁ?seadﬁé%@%t%lg%%%?%g(% E?g{%éﬁg%gﬁ% agltl?ﬁ@fur es
depicted i I . : i f =:S] |cRicbbys, the
present i n\gleln ‘%g{%ﬁlﬁh%%l} éy&é?%a@éﬁ%ﬁtgﬁ%@eﬁggéﬁgfg‘fﬂé:gll 't zed by the
subj het er odifiR | ZatibR BlsS BAMERSRSes AMRBIcEAubNed i1 ciRamicABHENERSRI | Ses a
VL aggéa VH regik%g1 %e?irh ng S_an I ntra- r?ol ecSI gjr lzgdieme‘r \C/i a 1tche pai rw se
affinity Ofmctistz. NSpRADEI tHB oty isU1aBERHPIHIEST HOMNGAE & defettabl8f@al. \hese
regions. The hetérodinerization sequences may be configured in either a
paral | el okogjaitedAbal hlusefil foLéxahgRs in detgetidn Yetemsk8gh ad quaatifationbf el
configuration, the two heterodi merzation sequences are aligned such that
t hey have tinaoskndenahéithadingof hatastatie foei andaimdrdmagiagbSugh labels mierialoyn | n
an anti-parallel configuration, the heterodinerization sequences 39 WO
03/ 012069 RCHeldg0RrdAn88de, dubaremonlinpitdd tny cadioiketopesh enzymesotluaseseenfal end of
one sequence is ali gned with the car boxi;[-term' nal end of the other

sequence, &ampoinds, ilmigessentgompoundse bigkminesgnheampoanissibskdences are

| i nked together via a flexon sequence. As_described erein, f on is a
flexibl e péPriasoss msbinfybiters Segror cxarpples of patsrds tea %@‘@ﬁ&%ﬂ%chgé?ﬂ%h a

A O A S L
generilly ?F%ﬁ#a@é BraiffEivare AP Gt AEATES bl RS Tl ecular
compr i se. bePHBBREARG AP Bl el PRET e L R e, pR R AT

preferabl y abqid Qbinl@nfdidL Yy am no acids, and even nore preferably about
four to fifteen amno acids. Flexons for the parallel configuration are

genenahly | ongerothey @hetical soieties include signal peptides, agents that enhance

immunologic reactivity, agents that facilitate coupling to a solid support, vaccine
carriers, bioresponse modifiers, paramagnetic labels and drugs. Signal peptides is a short
amino acid sequence that directs a newly synthesized protein through a cellular
'membrane, usually the endoplasmic reticulum in eukaryotic cells, and either the inner
membrane or both inner and outer membranes of bacteria. Signal peptides are typically
at the N-terminal portion of a polypeptide and are typically removed enzymatically
between biosynthesis and secretion of the polypeptide from the cell. Such a peptide can
be incorporated into the subject Abus to allow secretion of the synthesized molecules.
142 Agents that enhance immunologic reactivity include, but are not limited to,
bacterial superantigens. Agents that facilitate coupling to a solid support include, but are
not limited to, biotin or avidin. Immunogen carriers include, but are not limited to, any
physiologically acceptable buffers. Bioresponse modifiers include cytokines,
particularly tumor necrosis factor (TNF), interleukin-2, interleukin-4, granulocyte

macrophage colony stimulating factor and y-interferons.
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rangi ng from about ten to about one hundred am no acids, nore preferably
fromabout fifty to about thirty amno acid residues. 135 Were desired,
one or noOWeO opaLs9 of cystei ne residues may be incorporat egCatusonessN- or C
term nus of the heterodinerization sequences to further stabilize the Abus
of the present invention. 136 The Abus of this invention may contain

LTSt S SRR TR BB
peteen @ bt BhEL Ul iSRG A AT SRRl RO e o,

and heavy i . i j el 0 d 37

Vet hods. o itzcipFiterfifith Syl Taltoflalh, AR oYU PERR R ind ]
Humani Zed'}ia@%lgdzlﬁ%g !d?&in% D i RRAIRSH h)dhieRdétdoxeAbiciRBydrofHlofidte

sequence has been "altered fromits initial formto render it nore |ike
human i MmuRegLghs! fiudteurhdl], tBustie] HicHlorokdlitaniing hfddcBedé, nidighalanC r egi ons

are replaced w th human sequence. This is a fusion pol ypeptide conprising

a V regi on nsichplogieine) abihenestd, Mitoro@in huitdtmepertgstatin, pigobrommet, her ver si on,

the CDR regions conprise non human anti body-sequences, while the V

f ramewor k  pegrathage hpdrecldbride, sareptozmociny tiesl, thivpaanisequd measl m@dad. f or

exanple, EP 0329400. In a third version, V regions are hunmani zed by

desi dditng consedsnmmetines nebidig sgle ghidn rede deProdBed b hunan and
mouse V regions, and converting residues outside the CDRs that are

di fferent ecomurant meaps NreAutionNs yareusdmmunodoxins igyyellngronmiatheat and

anti bodi es, the choice of franmework residues can.be critigcal. in retaining
hi gh bi ndi meethdsican by found, friexampleein qwﬁ@&ﬁ«gﬂtl'%‘é’é{d@ﬁ@e(?%%“éhy HuAb

dermonst _Yg_t Z%n{i%xlfei@%ﬁféngt%&%gééiéh@%éMP%z“c‘Zg@{a@ﬁ%éo#}?stﬂe%?%lcan | ead

{0 N I D )

(Yoooy™ " kst Rty fo. st Vik® (Ga 3hiotos; (RS loachad

and Shal ab yWﬁ}teraa!nfl l\(ﬁ}%gl?l)(%%)l) Wure %g2ﬁ§'—729§1 7Suit%lt5!@ témﬁsein]gfﬁﬁamu@ GAYpra HUAD
MUAD, e’less |ike e k

is to the origina y that t human franmewor
limited to, ricin, radionuclides, pokeweed antiviral protein, Pseudomonas exotoxin A,

diphtheria toxin, ricin A chain, fungal toxins such as restrictocin and phospholipase
enzymes. See, generally, “Chimeric Toxins,” Olsnes and Pihl, Pharmac. Ther. 15:355—
381 (1981); and “Monoclonal Antibodies for Cancer Detection and Therapy,” eds.
Baldwin and Byers, pp. 159-179, 224-266, Academic Press (1985).

145 The chemically functional moieties can be made recombinantly for instance by
creating a fusion gene encoding the Abu and the functional moiety. Alternatively, the
Abu can be chemically bonded to the moiety by any of a variety of well-established
chemical procedures. For example, when the moiety is a protein, the linkage may be by
way of heterobifunctional cross linkers, e.g., SPDP, carbodiimide glutaraldehyde, or the
like. The moieties may be covalently linked, or conjugated, through a secondary reagent,
such as a second antibody, protein A, or a biotin-avidin complex. Paramagnetic moieties
and the conjugation thereof to antibodies are well-known in the art. See, e.g., Miltenyi et

al. (1990) Cytometry 11:231-238.
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will introduce distortions into the nurine CDRs that could reduce affinity.
Based on a sequence honol ogy search against an anti body sequence dat abase,
t he HuAb wO43/0mo6¥%i des good framework honol ogy to nuMATS. 22T/so/bseyh ot her
hi ghly honol ogous HuAbs woul d be suitable as well, especially kappa L

chains from human subgroup I or H chains from human subgroup I11. Kabat et

al. (1987). Variqus ut er. . pJ.ogr.ams C as ENCAD (Levitt et al. (1983)
J. Mol . Bi érepareion ’%@'&U&Eﬂé@?@s@’ﬁ;}edi ct the ideal sequence for the
V region. The ingyent,.o hus_enconpasses. HUARs wi i [ regi ons.
TG et nd PERIRPA APt B BERARARY S OR8] o
sequences . , . : quﬁg

ant i bodi es cwélﬁﬁ&?é%%fggb $ ?%ﬁ%glgaﬁ%?%i@?ggﬁéo eé%ﬁugg%tsi@% .1 .thﬁat ent
No. 5, 270, . s VIR i jes be
humani zed %%%ﬁﬁ?gt n??gﬁoggéﬁyéﬁg%%l?ﬁ%p§’for%?ﬂgkﬂgﬁ%?ggﬁhgﬁghﬁther
favorabl e kifleResGRd typi@R§hldeRBled ERd FRIghRWE Hidatcd BN exPrBSbAlvedol 0 a
preferred nmethod, hurani zed anti bodi es are prepared by a process of

anal ysi s ofThbdeseqid@icesiinal be aspbledsrdan dtheareaons eacstiepthealesitadproiened
products using three dinensional nodels of the parental and humani zed
sequences. sddueaee, diomePERegeakrataininpagintusingrespuotied tengplate hacleiciaaidsf @ Hyhose
skilled in the art. Conputer prograns are available which illustrate and
di spl ay pr ebehibly ofsyathetic oligesiusieatidesomicoding theodesired saquenaes eHovkeveehlbct ed
candi dat e i mmunogl obul i n sequences. |nspection of these displays pernmts
anal ysi s ofucleiseacid seghgnces prcodingtthe Abus aug pseferahlyt assemnblad by shfiage dbsiome
candi dat e i mmunogl obul i n _sequence, i . e t he anal Pég%gbof resi dues that

i nfl uence ©hEOHRE Fequgness. Flrxons dascaibed aboveygsndag ing! YIS 4582

i | obul i bi nd. i i o hi .esid b

e e BT bR SR BB e
desired ti bod teristi . h j f£1 0l f t t
Geet 20 2 R LA SE T SRR TS SOE e L Bl e AR Lo 0
0o 1 L ¥ POl RG5O sl b

usef ul , T or, QXBRLiGH systent fr¥ol GRinsY SuERExprEGIbAYsQHRRN batieaRd®y tumor
bur den, angnl ging of netastatic foci and tunor “i magi ng. Such | abels are

known transfecting a suitable cell with a vector comprising separate transcribable regions for the

L and H chain, or by co-transfecting the same cell with vectors for each chain.

147 The assembled Abus can be isolated using a variety of protein purification
techniques known in the art. Generally, the Abu is isolated from culture media as
secreted polypeptides, although they can be recovered from host cell lysates or bacterial
periplasm, when directly produced without signal peptides. If the Abus are membrane-
bound, they be solubilized by suitable detergent solutions commonly employed by
artisans in the field. The recovered Abus may be further purified by salt precipitation
(e.g., with ammonium sulfate), ion exchange chromatography (e.g. on a cationic or
anionic exchange column run at neutral pH and eluted with step gradients of increasing
ionic strength), gel filtration chromatography (including gel filtration HPLC), and
chromatography on tag-affinity column, or on affinity resins such as protein A, protein

G, hydroxyapatite, and anti-immunoglobulin.
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in the art and include, but are not limted to, radioi sotopes, enzynes,

fluorescent conpounds, chem | um nescent conpounds, bi ol um nescent

conmpoundsweoubB®2oat e cof actors and i nhibitors. See, for eryamiSes24582 patents

teaching the use of such labels, U S Patent Nos. 3,817,837, 3,850, 752;

3,939, 350; 3,996, 345; 4,277,437; 4,275,149; and 4, 366,241. The noieties

can be coval?ntl IjnkeddRp Abus reponbi%antly | i nked, or conjugated to
an g o

Abus t hr oughelynucieotides estoxs of the Present Invenfion, 4t | body, protein A, or
141

o T R S e RS B ek DR AR
pepti'd&s, agent © i : M5t
oL A Tl LB ot R B BREREOT

aci d Seq“e'}ﬁf‘erwglterigét{o%% uéhe %&aiﬁé’d‘&@ﬂ%ﬁl ése&i:tzﬁfegta%{?e._tﬂcﬂugh a cel ular

menbr ane, usua the e plasmc reticulumin eukaryotic cells, and either

the inner HIRISiAREAoniRhRerncB G bR OhCLssHBIY 'R AEE sQEerpf fof bR, satignal

peptides are typically at the N-term nal portion of a polypeptide and are

typically ra8aRys8 tha Bpacifdalls dind/to ARINEEMtiiedS BREMNQRuENRE d1sé F4diBhieQlisMy t he
pol ypeptide fromthe cell. Such a peptide can be incorporated intothe

subj ect Abwf heRraahhiginieses Bling bicddgitdlentiestinclading phagdscbadtedty, othd? Agent s

t hat enhance i munol ogic reactivity include, but are not limted to,

bacteri al gupleryotid qrenkarydtiecdlls. tPheferrédhetbiodaberizatopkéqugntes showwin SEQuppor t
include, but are not limted to, biotin or avidin. |Inmunogen carriers

i ncl ude, bUDMOS.2end#timited to, any physiologically acceptable buffers.

Bi oresponse nodifiers include cytokines, particularly tunmor necrosis

fact dd9( TNF), i dneonp entbpdingent,ithisdpveatipn proyideg isplate pelynucleetides Hwherfodeol ony
ST e 6 RN el B e AR AL Bi i o
20 v e OB VA0S R B oS it A PR T b | ™
Guanor ubi ¢4 SASRR ARLEC s TR po L AR 1se BN NG
fluorouraciga o Q8RS thd feavPRESL PoRpE ARG MENY ALL T Ut bfiGihe TR EHAN

recombinant polynucleotide comprises two separate coding sequences, one of which

SAH

codes for the light-chain polypeptide, and the other codes for the heavy-chain.

150 Nucleotide sequences corresponding to various regions of L or H chains of an
existing antibody can be readily obtained and sequenced using convention techniques
including but not limited to hybridization, PCR, and DNA sequencing. Hybridoma cells
that produce monoclonal antibodies serve as a preferred source of antibody nucleotide
sequences. A vast number of hybridoma cells producing an array of monoclonal
antibodies may be obtained from public or private repositories. The largest depository
agent is American Type Culture Collection (http://www.atcc.org), which offers a diverse
collection of well-characterized hybridoma cell lines. Alternatively, antibody
nucleotides can be obtained from immunized or non-immunized rodents or humans, and
form organs such as spleen and peripheral blood lymphocytes. Specific techniques
applicable for extracting and synthesizing antibody nucleotides are described in Orlandi

et al.(1989) Proc. Natl. Acad. Sci. U.S.A 86: 3833-3837; Larrick et al. (1989) Biochem.

45



mer capt opuri ne, nethotrexate, mtonycin, mtotane, pentostatin, pipobroman,
procar baze hydrochl ori de, streptozotocin, taxol, thioguanine, and uracil
must ar d. Wod3mesnot oxi ns, including single chain nol ecul @eST/USam24582
produced by reconbinant neans. Production of various imunotoxins is

wel | - known in the art and nethods can be found, for exanple in

Jomost ol Ak OREY e, SOPLISEISS Sbtr (ARG B e s 0P
(1901) hat 1 4/3%%6( %2%@@%%@%%%@@5%6%& Sde, but ar eaﬂgt " iTmted
Zf;’ dl:g:h? her ?@%fir?%ga%nﬁa%%@%?%‘?eﬂ?é&%@? ?P‘Sfx’f’ ket RESAIRENY Coci Elx'ﬁlﬂd
Phar g Tapeu AR SoE e RRNCI Hihan bR ! S Bonsrt RERRG or
Det ect i on %‘lﬁ’ceﬂﬁﬁ@ﬂﬁn&lo%@l% nonHRInhM 3 @éiﬁe@/l%rtﬁat tﬁzﬁmelléﬁnﬁe?ﬁ: anﬁg&hgﬁﬁe

Academ c Press (1985) 5 The chem caI y functional noieties can be nade

reconbi nantgry ;]mtréuthaﬂﬁ&aaﬂ%Baﬂdmgsmiﬁdw@oattﬁmgiﬂalgﬁﬂsocgncodl ng the Abu and
the functional noiety. Alternatively, the Abu can be chem cally bonded to

the nig2ety by arlyisdlscundeistaddthafthyvpblynedéathles sibddied rethe dmlenticwietiidees .

For exanple, when the noiety is a protein, the |linkage nay be by way of
het er obi f urthbseaodingcfioo imctiomdt eqeivalenty and SRPRents dhdpaxdiof thedexempiplified al dehyde,

or the like. The noieties may be coval ently Iinked, or conjugated, through
a secondar ypalyegtides. Fungtenadly equiveleoiieplppeptidesiipelude those thapenhgncey decrease

bi oti n-avidin conpl ex. Paranmagnetic noieties _and the conjugation thereof
to anti bod.@sloamemﬁ@anﬂwfé@% prapettis ofthe pokymeptidesgncodgd theraby. Fnctignal (1990)
Cytometry 11:231-238. 43 03/012069 PCT/ USQ2/ 24582 Prepart.alion

of Ant i gen- ESGYERIRGTURRY be PWB%B“ deg having,eonseyplys alﬁméc@;%ﬂlgﬁtg%‘?f@p%}?aé%sby

r econbi nant. 0 nt hetic chemstry techniques, or a
conbi nat i odnaf'}m%ﬁﬂ%%?g%’é‘?%ﬂﬁce sequences encodi ng the desired

conpopgnt s of trﬁuﬂﬁu{fle dgéb(fllefr’ég Bgth\éggn%{m &g %191% cgﬁlio grgél k 141 94 Rfdn in

sequences are typically assée ed a ragnent s Ilga 0 an expression
vector. nucleotides of the L and H sequences, as well as the heterodimerization sequences

suitable for construction of the polynucleotide and vectors of the present invention.
Sequence variants may have modified DNA or amino acid sequences, one or more
substitutions, deletions, or additions, the net effect of which is to retain the desired
antigen-binding activity. For instance, various substitutions can be made in the coding
region that either do not alter the amino acids encoded or result in conservative changes.
These substitutions are encompassed by the present invention. Conservative amino acid
substitutions include substitutions within the following groups: glycine, alanine; valine,
isoleucine, leucine; aspatic acid, glutamic acid; asparagine, glutamine; serine, threonine;
lysine, arginine; and phenylalanine, tyrosine. While conservative substitutions do
effectively change one or more amino acid residues contained in the polypeptide to be
produced, the substitutions are not expected to interfere with the antigen-binding activity
of the resulting Abus to be produced. Nucleotide substitutions that do not alter the
amino acid residues encoded are useful for optimizing gene expression in different
systems. Suitable substitutions are known to those of skill in the art and are made, for

instance, to reflect preferred codon usage in the expression systems.
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These sequences may be assenbl ed from ot her vectors encoding the desired

protein sequence, from PCR-generated fragnents using respective tenplate

nucl ei ¢ awoDd3/01M69 by assenbly of synthetic oligonucl eoti ¢#e3/tsSowadBng t he

desired sequences. However, all nucleic acid sequences encodi ng the Abus

are preferably assenbled by in-frane fusion of coding sequences. Flexons,

described above, an be incl uded hetwee i 0 conmponen and domains in
4y Fipheleeiiecs spagamemrSe here

or dfer Sto enhance | ﬁ'@dﬁﬁfq rB‘f"“E‘H’éathB f ) r(;’%g?é?ﬁe a

Ab
Che LQSEEt PP Ban ol ER o ap deaeRysighand ﬁ&?f Hestion AL e dRE Prodi€ ol o
in vivo y(ﬁ 2 pg%prfféﬁa{ Qﬁ 1{c§§ %@ﬁ'l%vnl?r?gl{é a?@ﬁ’{d{]ﬁdu?%ﬁx@seeé{%ﬁﬁlﬁ' Oﬁbr?eYSt ens

can be cre rans a surta vect or=conprisi ng

separate tr ﬁ1rs' ﬁ ?”gﬁgétp{lﬁasfeofé] h88male @ e{ﬁkﬁfcﬂ%ac%ﬁf.lﬁ’%sferase (CAT),

co- transfe ing t vect oré 147 Th

assenbl ed ARfrERNoREn EGERER M@l@g}@)\@altﬁélydé}fvaﬁv&t DiferMbidrblogatd ON
t echni ques known 1h the art. ner a Abu is isolated fromvculture

nmedia as  $eGiRE&AhRCh YIRS peefcatich hﬁwgbe frRpiteR shiéh 45a0Qy, A dddivem host
cell lysates or bacterial periplasm when directly produced w thout signal
pepti des. Ifforh heludhzsvidvscherigplusingy), iew6) L AIhey thcFsgdrtion bf inaguimglchulibabl e
detergent solutions commonly enployed by artisans in the field. The
recover ed Aftutsthivme Strarisfieradee(GST0y drkliraltdsy-bimling protein VBR).i on  (e.g., with
ammoni um sul fate), ion exchange chromatography (e.g. on a cationic or

ani ori56 exchangéflmcpqllyrmdeahd%stcané)alcomug%ied tonalvariaty eﬂchnimwlls/tfe@ct@nahl ents of
increasing ionic strength), gel filtration chraomatography (i ncI udl ng gel

filtration medys deseréibedahe vt gmaphyeremoysgaietiesinelide bgknsapahl
affinity resins, suc rotein ot r apatite and
anti - i mund§PYIsiNg fhget %@B?leﬁmg’eﬁéﬁwg’séﬁ% Q]C‘) %]85} des and

pol ynuo! eottFH F‘?%f?%eeﬂéﬁfe%&c?ﬁtﬁ Bioe R PRl ”’Ve' Sent iomne
I | eot ,
Ece)tgpg& re;gr:(gdafl seq I%gégb&f)sn ai n ﬁ%‘tgrx%@&lés gﬁgg& e%?ﬂgt%g]\l/(gd Such

het er odi Neri 2at}. AR 3E AUERBRANEPBPbFofbl hekRMnoRRIRHR A, Of and screening for

Abus, such
156 The polynucleotides of the invention can comprise additional sequences, such as

additional encoding sequences within the same transcription unit, controlling elements
such as promoters, ribosome binding sites, and polyadenylation sites, additional
transcription units under control of the same or a different promoter, sequences that
permit cloning, expression, and transformation of a host cell, and any such construct as
may be desirable to provide embodiments of this invention.

157 The polynucleotides embodied in this invention can be obtained using chemical
synthesis, recombinant cloning methods, PCR, or any combination thereof. Methods of
chemical polynucleotide synthesis are well known in the art and need not be described in
detail herein. One of skill in the art can use the sequence data pfovided herein to obtain a
desired polynucleotide by employing a DNA synthesizer or ordering from a commercial
service.

158 Polynucleotides comprising a desired sequence can be inserted into a suitable
vector which in turn can be introduced into a suitable host cell for replication and

amplification. Accordingly, the invention encompasses a variety of vectors comprising
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as those that specifically bind to a desired antigen. Such sequences al so
facilitate display of heteronultinmers on living biological entities

i ncl udi ngwphvage®e9 bact eri a, other prokaryotic or eukaryo®PCE/usSel/b4582
Preferred heterodinerization sequences shown in SEQ ID NOCS. 2 and 4. 149
I n one enbodi nent, this invention provides isolate polynucl eotides that
encode the subject c us.. I n one aspect of this enbodi t., the

r ecombi nantong &K Mvle Pl FPQE““@SW%FF@ gméﬂﬁﬁﬁ?WﬁmggﬂuéH@%PFWgEgéﬁﬁodes t he

|'i ght-chain pol tide.of a subject Nsc .Abu. .In_ _another aspect. the

r econbi nantse%B‘i%ﬁﬁ@’rﬁg&olf HEPTESHB +e§£°§s SOTRRTIRG SR BH%Eec%‘?rrFé‘F&ﬁﬂ% Yes t he
heavy- chai N | ng’;i de of a Nsc Abu. In yet another aspect, the

r econbi nant> p6F eotide conprises two separate codi ng sequences, one of

whi chsgcodes | OrVe]t\c[E%F ggﬁ%}&@ﬂé iﬂvaﬁio;ara?@gé&&gﬁgﬁgﬂgeﬁmeaoﬁﬂgsﬁd_f or the

heavy-Chai n. 150 € sequences corres 0 various~regions of L

or H chai nsexp{esﬁanv bis! @&ﬂﬁ%ﬁ%é@&@ér&&@ﬁﬁ%ﬁ&ﬁﬂhﬂn& rfifcaictegicd B rrequenced

usi ng convention techni ques ncluding but not Timted to hybridization,

PCR, and D\WIviRed8A&dstBey Ediedih, A8 aGidahns of §tbﬁﬁ%ﬂfeqm5ﬁﬁc1§eﬁ@&liﬁ Adepository
anti bodi es 'serve as a preferred source of antibody nucl eotide sequences. A

vast nunberfopfutlirg REdosterya Expkdssionvectosi (aad Best a¢llsaonedinin® dest expbssicant i bodi es
may be obtained frompublic or private repositories. The | argest depository

agent i s Amecioegrai ypasedub tobtain fulypeptideoprofhtadtrdm thepdymeleotidds thehi ch
offers a diverse collection of well-characterized hybridoma cell |ines.
Al t er nat i veloptairan$uitabtbcloning habexpessionarecioes ioblude aleidﬁmcrmniri therarti egdthose
non-i nmuni zed rodents or humans, and _form organs_such as spl een and

peri pher al fbr wwdn bpetptidcipeaunaligp.areast insed andp ispAppespEesBion sygems.
158 "o SRR ng oG b PSS Oed Sl i TSRl kb
150: 1250- 19804 S § e RHOG RS NI elorh AV IabRIB e ek While GSIoping
cequences. MRYCRFUEHEE RS AR degai todhhost adn BTl Boea WeRTRlondfy g
sequence faf LR AGRNyHATe tHeHBitg BRsdir-fPREAE thay FHQRS: sidble target for a

particular restriction endonuclease, or may carry marker genes. Suitable examples

include plasmids and bacterial viruses, e.g., pPBR322, pMB9, ColE1, pCR1, RP4, pUC18,
mp18, mp19, phage DNAs (including filamentous and non-filamentous phage DNAs),
and shuttle vectors such as pSA3 and pAT28. These and other cloning vectors are
available from commercial vendors such as Clontech, BioRad, Stratagene, and
Invitrogen.

161 Expression vectors containing these nucleic acids are useful to obtain host vector
systems to produce proteins and polypeptides. It is implied that these expression vectors
must be replicable in the host organisms either as episomes or as an integral part of the
chromosomal DNA. Suitable expression vectors include plasmids, viral vectors,
including phagemids, adenoviruses, adeno-associated viruses, retroviruses, cosmids, etc.
A number of expression vectors suitable for expression in eukaryotic cells including
yeast, avian, and mammalian cells are known in the art. One example of an expression
vector is pcDNA3 (Invitrogen, San Diego, CA), in which transcription is driven by the

cytomegalovirus (CMV) early promotet/enhancer. Two types of particularly useful
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pl ace of the honol ogous non- human sequences. In that manner, chineric

anti bodies are prepared that retain the binding specificity of the

ori gi nal wotbody? 152 It is al so understood that the pol yowaisent458es
enbodied in the invention include those coding for functional equivalents
and fragnents thereof of the exenplified polypeptides. Functionally

equi val ent pol ypepti des i ncl ude those_ that enhance, dectease or not

si gni fi cantd preééq?rgx?ctwémre&ms?hq TR gsbAYBEHEiticRhagh ARy VEREr ey .

Funct i onal qguixglgnts e, be pol ypepti des havi ng conservative am no acid
subst it ut i CRECHAHIRIREYefe | udi ng fusi ons, and nutants. 153 Due to the
dege acy of t I i der hat | in
el 08 des of 1 Foryes IS nubliah of AR ARELDRGERAN A KEMENOR 4,

sequences tﬁ:{%}éeﬁ%{zﬁ“f Q{iclgggs\ifﬁiﬂ&tépé?a?‘;gléélﬁé%' Xé\k‘%ﬁ@%#z?%@%&fch%{}? of

the presen venti on. uence varl ants Yy have o or am no

acid SequeQﬂﬁﬁent_@ﬁ's%ﬂhdﬁ%lﬁmeﬁﬁé%?hégétsie&\ib%cesdﬁb %%ﬁl%ﬁle 8f ccﬁa@ﬁh&th&rhsg the
net effect of which is to retain the desired antigen-binding activity. For

instance, \@dpldiktectoitDd Filhinkhto0phapa VebiBrsMRE Breffdirdd e ciid itidgenbRidk 0P mafnt
either do not alter the am no acids.encoded or result in conservative

changes. Thmssnsiivs phigdsiof s alass leive bepassiachdeyl, dddah¢ir gswmiesiafy b @ .
Conservative am no acid substitutions include substitutions within the
fol | ow ng deaoysh: snpillgrihas tha lofinomi]ametousegphagess Reprasemativd ghagenef thisspat i ¢
acid, glutamc acid; asparagine, glutam ne; serine, threonine; |ysine,
ar gi ni ne; atass prebudgIMI 31l nid, Il yikeyS{HBf1, witd P8. coresghagaveaier typigslly sut i ons do
effectively change one or nore am no acid residues contained in the

pol ypept i deongrusied tpexprigselheteromaltimngs: ¢-g.wntibedy papéides by Sugrttiocuparpor all
e MEeBbeT B e SR o sbeat YRR Ve it
bl Rt e e SR

de, for. | : f t f ' [
yatoms. | adtui b I0BE s psieRan R B B e el A el M L o
pol ynucl eo?{g@%g@&gmlg%cﬁgﬁﬁrol ogous sequences that facilitate

det ecti on t ssion and purification of the gene product.
163 For constructing plII fusion vector, commonly employed fusion sites are located

at the amino terminus, in between the flexible spacer between the two domains of pllII
(Smith et al. Science 288:1315-17), or any other alternative fusion sites described in U.S.
Patent Nos. 5,969,108, 5,837,500. The plll fusion and other proteins of the phage can
be encoded entirely within the same page replicon or on different replicons. When at
least two replicons are used, the pllII fusion is generally encoded on a phagemid, a
plasmid containing a phage origin of replication. Phagemids can be packaged into phage
particles by “rescue” with a helper phage such as M13K0O7, which provides all the phage
proteins, including plIl, but due to a defect origin is itself poorly packaged in
competition with the phagemids. Other multivalent helper phages (e.g. M13AgIII) that
lack or contain altered pllI to enhance the package efficiency can also be employed
(Rondot et al. Nature Biotechnology 19:75-78).

164 Similar constructions can be made with other filamentous phage. Pf3 is a well-
known filamentous phage that infects Pseudomonas aerugenosa cells that harbor an IncP-

1 plasmid. The entire genome has been sequenced and the genetic signals involved in
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Exanpl es of such sequences are known in the art and include those encodi ng
reporter proteins such as (3-gal actosidase, f -I|actamase, chloranphenico
acet yl t r awofoaa®e (CAT), |luciferase, green fluorescent proraisn2/¢4sP) and
their derivatives. OQther heterol ogous sequences that facilitate
purification may code for epitopes such as Myc, HA (derived frominfluenza
vi rus henmaggl uti.nin)

Hi s-6, FLAG r the F ti f i ogl obul | n,
R NN B YoM AL N S TR
o 2t 1 o5 odetrEgR Byt Ry Sndrih dlirsedtonte B CRbend R8s "capabi o
f duci t@b| i Py I s tS. ..
?mmELEOS?Lf{%‘é@ﬁs@ﬁé@@mﬁ%@ﬁﬁﬁﬁ-&@?‘g@ﬂl ?Sfcg%ég%%"u%?‘?ﬁf% OBQ?%%@%‘&:‘“ d
support, v ri I -jer, Ye:ls) . S an
drggs. Theqﬁgkgﬁpggﬁkéﬁ;_esﬁ%ggﬁéﬁ%ﬁéﬂ?wgggglfﬁgﬁvﬁug*ept|g%Hég%%ﬁgﬁgantly
or by ot hersiéﬁ%?%%g&ff&%o\wﬂtb REusRskeretioifin B GeRBEAIAH LA ih-Bame 2b aldBfe

i nvention can c rise additional sequences, Such as additional” encoding
sequences Widoflicht AR TELErBIbE60d POl Suptidei whicks BYufPls!fusd iRlfepRAVEh asuch as
pronoters, ribosone binding sites, and pol yadenyl ation sites, additional
transcri pt iDNAwhcdding dahataRBoaiirotelie same or a different pronoter,
sequences that permt cloning, expression, and transformation of a host
cel | ,164nd any sliie saorgeneral canstruction sokerkesppliabtegdnerating visplyebiods nent s of
this invention. 157 The pol ynucl eotides enbodied in this invention can be
obt ai ned ugion@ginihg siquances dymvdietom nonddambitoasphageoimchidingdubistdophdger, or
any conbi nation thereof. Methods of chem cal pol ynucl eotide synthesis are
vel | known X4 heT4pnd ZA phagss d Anvealheofdafosmptiaron e suetyres ofthess Ron-One of
skill in the art can use the sequence data provided herein.to obtain a
desired polijAentass phagenis kappindyitharh %ﬁg indag 3t pansreadibH@TISHEE fr om a

comrercial servige. 158 Pol ynycl eotides conprising a desired sequence can
e | nser t ecPorRRSTaE fislny wolq)dha SRbiees A Wbieat beveaf e gk B o
suitable hqgst _cell .for repl] i n | i.ficat.ion. Accordingly, the

i nventi on 3%?&%%5“3‘3%%% o S\%Q‘r‘?né%“’gﬁo‘%é’gfl%&s%é r%f"%‘g 47 WD 03/ 012069

PCT/ \{g82/ 24582 1 addition to phage display vector, another class of preferred vector is bacterial

Q

I

o,

display vector. The general scheme outlined above is equally applicable for constructing
such vectors. Briefly, the vectors facilitate expression of a heteromultimer, Abus in
particular, as a fusion with a bacterial surface protein. Prior research has revealed a vast
number of bacterial surface proteins applicable for expressing such fusions. Non-
limiting examples of bacterial surface proteins are LamB (Bremer ef al. Proc. Natl.
Acad. Sci U.S.A. (1984) 81:3830-34; Gene (1987) 52:165-73); OmpA (Prog Biophys
Molec Biol (1987) 49:89-115); OmpC; OmpF (Pages et al. Biochemimie (1990) 72:169-
76); PhoE (van der Ley et al. J. Biol. Chem. 261:12222-5); pilin (So et al. Curr Top in
Microbiol & Immunol (1985) 118:13-28); pldA (de Geus et al. EMBO J. (1984) 3(8):
1799-1802) and their homologs. Characterization of these and other surface proteins,
and the methods of using these proteins for displaying heterologous polypeptides are
detailed in U.S. Patent No. 5,837,500 as well as the references cited therein.

167 The vectors of the present invention generally comprises a transcriptional or
translational control sequences required for expressing the Abus. Suitable transcription

or translational control sequences include but are not limited to replication origin,
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one or nore of the pol ynucl eotides of the present invention. Al so provided
is a selectable library of expression vectors conprising at |east one
vect or erwodBfeoshe subject Abus. 159 Vectors of the pre®PEmtUSOIERL i on are
generally categorized into cloning and expression vectors. C oning vectors
are useful for obtaining replicate copi es of the polynucleotides they
contain, or as a neans of storing.the polﬁﬁucleotldes dn a qﬁ895|tory for

future recdYIRgier ERRANCEI:TEPFESI TF%IHHS= gascription WitahoR sifss; THROSPHES e
expression..vecta n obt p pr.qduced fromthe
pol ynucl eotblubcﬁgg {‘?ﬁ’f ?SH?%W&% ]? %Résﬁ%f%ﬁﬂ}sé%% Biect or s

i ncl ude an){ra?gigy% inthe art, e.g., those for use in bacterial, mammuali an,
yeast | nsec phage di spl ay expression systens. 160 Sui tabl e cloning

vect ofg can be ¢ RS Rel o Paﬁ&épqsaﬁwAﬁﬁgrf&p‘aﬁﬁ

onflﬁ{%hﬁﬁ ed
fromalarge nu gvectors ava e’in the art.

cloning VegLHAiISERRA Sslymesy Qﬂd’mﬁfh‘ﬁﬁé ‘ﬁ'aﬂﬂ:ri'pﬁoﬁ Bea B&ﬁh%i;e%lidn lopdtedded to be
used, useful cloning 'vectors will generally have the ity to

sel f-repli cinmstrémy (1&@5@@’5@3%&11)@&@ tReAprBRoter Ot can bB@bhdtiutv@lor ilehicibl€t | on
endonucl ease, or may carry marker genes. Suitable exanples include

pl asm ds ard geasrhle thiedirombterd S@fiene: ig boupBBRIAP s 3 adMtinusloy the trapsddptioRP4,

pUC18, np 18, nip 19, phage DNAs (including filanentous and

non- f i | amerhitiatomp sizgmdiivtands upstredms(Uditdcgon)dtotine sdesthe miasmmbAGmbeadofp AT28.
These and other cloning vectors are available fromcomercial vendors such
as C ont ectbas®i ayREainenst negessguiie, initintg transaription gelevels gletestapleadeyan vect ors
cont ai ni ng these nucleic acids are useful to obtain host_ vector stens to
produce pr dieekgrauidhWibin e proraetsr seppencs is %msgap@%xmw@géﬂ@mw@é Son
vectors nust ber plicable in th 0 [gani s i ther as mes or as
an i nt egr alPrRigH big mgﬁ@magﬁrr&wsg% q‘ﬁhﬂgr‘%ﬂ? gai ﬁgo"\ll‘éﬁi"HFs

i ncl ude pl as

adeno- asodrareire i Sl St Bir et SLRTAS PR KA LSS
exPr efypi ON VeCt ofi, QIR ok e HETFB Hapb FHUE AR NS ANIL"T

yeast, avi an, n'am"ral| n ce S are art e exa

expression ; ﬁféer L d. PRGN ElNUVLHEAGOR rob\?i?t?‘%xan‘g) s, bof v1rd1 'ﬁn&f"ﬁbff Biral

transcrlptlon I'S ven by the 'cyto
pronot er / engmeRts, afré’lﬁlo%fﬁﬁsth@&tpﬂf)ﬁﬂﬁﬁhﬁé teprdse@hiive v1ra1 promoters include

CMYV, the early and late promoters of SV40 virus, promoters of various types of
adenoviruses (e.g. adenovirus 2) and adeno-associated viruses. It is also possible, and
often desirable, to utilize promoters normally associated with a desired light or heavy
chain gene, provided that such control sequences are compatible with the host cell
system.

170 Suitable promoter sequences for other eukaryotic cells include the promoters for
3-phosphoglycerate kinase, or other glycolytic enzymes, such as enolase,
glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase,
pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase.
Other promoters, which have the additional advantage of transcription controlled by
growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome

C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, and the
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48 WD 03/ 012069 PCT/ US02/ 24582 expression vectors for expressing the

subj ect Abus are the phage display vector and bacterial display vector.
162 The twotmiotpees for constructi ng phage di splay vect ors paraSomb4582
established in the art (see review article by Wnter G et al. (1994) Ann
Rev. Innmunol. 12:433-55). Both filanmentous and non-fil anment ous phage
sequences are applicable f constructing di splay vector. Fila t ous
phage vect éf%e%Flgl%FgﬂL‘WF@g&%&%ig' 0% tegb?ﬁéﬂﬁ@%ﬂl?ﬂﬂﬁﬁ&ﬂfnz%%féwnﬁq ve
phages of this flassdhaéq beqﬂ.sgggenced, and their genonmes are found to
be nuch smafiBFEHRAAC BAZEO "HER" PR anent ous phages. Representative phages

of t g:ﬁ cl ass 'Il%érf’a%g %redfe;ngaéj?%enjcsf ‘!he vgé{t&ﬁ é%qéhre d%%%ert‘ltl iﬁ%tiglfl gise s-mﬁ phage

vect typically s nstruc express ners, e.g. antibody
pepti des, j f ) - el Ltabl e
Coat  pr ot et iree! i ghétnfteRBltssipn ypetel; FRulbRpGE SRR BeaiE Cusschés

het er omul t i @NJcSRAURMGE cﬂéﬁ{eg@l@viﬁ'ﬁ\ss &hineiately Sarlsh @HQN@Q-QE)’?%M&KBQW a

way that the integrity © e expressed phage coat is not underm ned, and

the het er ogpht CerU1i 521,09859) A BYackih @rarfbeA{Guhning e ial Qo8 7) Fod Nl. Acad.
constructing plll fusion vector, commonly enployed fusion sites are | ocated
at the am 13 (E54) 8415831)) thschivtend Hipeorhbex (Ghitd apd(EI88het Werah 62hB795)p
dormains of plll (Smth et al. Science 288:1315-17), or any ot her

al t er nat i vehd meusnmetalethictemgrpmetr (MclvoSer alPEI8RA), MedsCelb Rielo71888), the
5,837,500. The plll fusion and other proteins of the phage can be encoded
entirely wirgtrgrowtiheorawmne ppagaser @filleces @l (1 9%N, Mlof. [elldfivl. fedfDehedumanen at

| east two replicons are used, the plll fusion is generally encoded on a

phageni d, &depssmerfleaminsse aromater (laptrapules e/ gi.(188)lapr- ¥t 6% ohdd¥hi ds
e ML3KOr, s 9o LR e ot S sRakye e of B! Iqelh Buglr "B BP9 “ate
o 2 ety R e Bl RO NIRRT o At) WA e
Cort e o Gyt B BTG L R I/ SR A ALEERBEL T v
can be madegohéftdieio LddyATRARE BHinRBR e AdeRotifus® Mok tate promoter, or other
viral promoters derived from polyoma viris, bovine papilloma virus, or other retroviruses
or adenoviruses. The promoter and enhancer elements of immunoglobulin (Ig) genes
confer marked specificity to B lymphocytes (Banerji ef al. (1983) Cell 33: 729; Gillies et
al. (1983) Cell 33: 717; Mason et al. (1985) Cell 41: 479), while the elements controlling
transcription of the B-globin gene function only in erythroid cells (van Assendelft et al.
(1989) Cell 56:969).
172 Cell-specific or tissue-specific promoters may also be used. A vast diversity of
tissue specific promoters have been described and employed by artisans in the field.
Exemplary promoters operative in selective animal cells include hepatocyte-specific
promoters and cardiac muscle specific promoters. Depending on the choice of the
recipient cell types, those skilled in the art will know of other suitable cell-specific or
tissue-specific promoters applicable for the construction of the expression vectors of the
present invention.
173 Using well-known restriction and ligation techniques, appropriate transcriptional

control sequences can be excised from various DNA sources and integrated in operative
52



known fil anment ous phage that infects Pseudononas aerugenosa cells that
harbor an IncP- 1 plasmd. The entire genone has been sequenced and the
geneti c swomalos20bnvol ved in 49 WO 03/012069 PCT/ US02/ 24582Cmasz/e&#8: on and
assenbly are characterized. The nmajor coat protein of PF3 is unusual in
havi ng no signal peptide to direct its secretion. The sequence has charged
resi dues ASP7, ARG37, LYS40 ?nd PHE44- COO' mﬁ{ch is cansistent wi.th the
ami no t er nitAiggonshin Wth &igyiatackiselertable st repestodiesPigysasria ageordaee With |
generally desirable to .engineer a signal sequence known to cause secretion
in P. aer udBhBEEHYEIUP f rane to a gene fragment encoding a heter ol ogous
poly tide, which in turn.s fused in-f i.§- i ;
natuﬁganS coatIBf8P%FH}n§g§S? edggﬁgﬂ%é%era ﬂ%%ﬁ% ?ﬁ%ﬁ@%%gggﬁgﬁgmgggFies
to generati i t Tl e i ‘
non-fiIaneﬁ%%%%k%ﬁggﬁgxgﬁé@% F%gﬁ é%?gkﬂgﬁ%dggﬁﬂiﬁiﬁgﬁ§¥%$%mgﬁ§g¥$ phages.

A weal th Pfua'tnﬁérﬂfea% b%;} dyslﬁlfzﬁxggﬁaﬂ&; b 88 nitNANBERr RaRscriptibRIRHRktioRhages

i's known in e art. é in the art can readily generate a
corr espondigighafli PR RYmMREIrQquehad prefdRat§ e6iRtainb 8né UPOFS triivt@tiviul t i ner s
usi ng the uni que heterodi nerization sequences w thout undue
exper i ment atinifaticbeqhiehcas! (huth anpdlpadenaigton sapengesy ant may alsnbé ledpthehedss  of
preferred vector is bacterial display vector. The general schene outlined
above is edyatht inchppon efddaiohar DNdnsnerceisogs tosficthenvdistupt sansBriptainalread-he
vectors facilitate expression of a heteronultimer, Abus in particular, as
a fusion withtoughbRutferrédterminafon sequenessépmterrmnation siteskof thh presentrieveatiped a
vast nunber of bacterial surface proteins applicable for expressing such
fusi ons. Ndve pigehe thatjisdaBensedly airapsgeiption IMENaFipR sIUSPesR: Eithe itg o8 anB
(Bremer et al. Proc. Natl. Acad. Sci U. S A . 19842 81'3830-34%%§§ne (1987)
52: 165- 73) : eRmipatiqrricqyense op RfsteralpeQis t‘B‘PBPat{OEr@S?‘)‘ nge Byannles of §hc. onpF
(Pages et al. Biochemme (1990) 72:169- 76);. PhoE (van der .Ley et al. J
B of -~ Chem BBRAGODANRIoEs (ERKH stoggodpgoublsl b Vg T AR B R unol
(1985) 118: 3-285@ | dA, (de Ce al 1 3(Bha 799-. )
and their htéﬁttﬁr% 9%@%@?9”#& %51%116 ? aginlxeBeg gf.}lg%]lggcg?%éw s\ﬁ?rl ?rgélée %?%121 gtl(aﬁs,
ngjyfo Qg et D803150{ a B B chft B8 B PinlgBb o RE a FeikPiviith AcdfRh 6 aleREBN s
selectable marker; thereby providing a means by which the presence and/or absence of

the terminator sequence (and therefore the corresponding inactivation and/or activation
of the transcription unit) can be detected and/or selected.

175 In addition to the above-described elements, the vectors may contain a selectable
marker (for example, a gene encoding a protein necessary for the survival or growth of a
host cell transformed with the vector), although such a marker gene can be carried on
another polynucleotide sequence co-introduced into the host cell. Only those host cells
into which a selectable gene has been introduced will survive and/or grow under
selective conditions. Typical selection genes encode protein(s) that (a) confer resistance
to antibiotics or other toxins, e.g., ampicillin, neomycyin, G418, methotrexate, etc.; (b)
complement auxotrophic deficiencies; or (c) supply critical nutrients not available from
complex media. The choice of the proper marker gene will depend on the host cell, and
appropriate genes for different hosts are known in the art.

176 In a preferred embodiment, the vector is a shuttle vector, capable of replicating in

at least two unrelated expression systems. In order to facilitate such replication, the
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detailed in U S. Patent No. 5,6837,500 as well as the references cited

therein. 167 The vectors of the present invention generally conprises a

transcri pwooaal206y transl ational control sequences requi IPEA/USO22458pr esSi ng

the Abus. Suitable transcription or translational control sequences

I nclude but are not limted to replication origin, 50 WO 03/012069

PCT/ US02/ 24582 pro er, enhancer, repressor binding regions, transcription

i ni tiation veFtoegenerallyrogtains aileagt iy @F&l%%?&??léﬁ?gp’&’tq%ﬁﬁ?gﬁtﬁ‘fei BEPGHh sites,

and termnation.sites for trapnscription and transl.ati.on, 168 used

nerei n o -spanion e Tmkd; syl velp iRt Baitting BAReNRRE o

bi ndi ng RNA_poal Lk L 1 Aat:]. 0 LDt 9q: | regi on
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const 't Ut | \@oQfy dg?ﬂééﬁb}? ifthe ehtaargsﬁtelﬁ&k (tht BErURIRLAy SE e depliisaaupded at
nus t nd exten

its 3' terl “the transcription rnitiration site X S upstream
(5 directinyedidt ih e pRary O FOsP(tHR! %BFH@&fonQEll 1R EPre®ralily SR MYrikin of

16

necessary to initiate tran3Scription at |evels detectabl e above background.

Wthin the rﬁélﬁﬁﬁbﬁf{s REFECHSM $PAPald GHeSS derddddorh PBR32L hbhoughla8y saisablel | as
protein binding domai ns responsi ble for the binding of RNA pol ynerase.
Eukaryoti ¢ orjgirokavat i thé hit neifytberusedpiovitet ibdiveysseplicaribaofithe VAdAE. Wiess and
"CAT" boxes. 169 The choice of pronoters will largely depend on the host
cel | s i n whhetedidrds ushitte vedtar, thet veothn peederablyrcoatinseit lanst tho selactablei et y of
robust pronoters, both viral and non-viral ronmoters, are known in the
art. Non-| imarkemgpnedpr ticanpessiaca] ae apsd owotoe s ampifisaion Gltype.ndngar | y
and | ate pronoters of SV40 virus, pronoters of various types of, .
adenovi r us é§leciablg markerignpvn s the arhprthgsredrscribedhicreip apyheusedbrrovidedils ) so
possi ble, and  often desirable, to utilize pronoters normally associ ated
with a desi}P’é‘Eilan&h‘fheSP‘PWésé%sysPﬂ%Pﬁn%Hﬂéz,e rovi ded that such control

sequ es are c atiple wt he. host cel | tem . 170 Suitable pronoter
sequenides for ot iEveatrspybidted BamREorirn g 04 i s BeplyPitat
3- phosphogl ycer a i Vil se,
gl ycer al de hdy%r-l%{r%hhlé g g %%f%r l%{a%h% yrl‘g%g aﬁs{‘%’?4 h‘é)l‘( %%%@gféfprf? uvlzl)}{l gl& C%h%ga
decar boxyl d8&miques such as PCR, restriction endonuclease digestion and ligation are well known

in the art, and need not be described in detail herein. One of skill in the art can also use

the sequence data provided herein or that in the public or proprietary databases to obtain

a desired vector by any synthetic means available in the art.

Host Cells of the Present Invention:

178 The invention provides host cells transfected with the vectors or a library of the
expression vectors described above. The expression vectors can be introduced into a
suitable prokaryotic or eukaryotic cell by any of a number of appropriate means,
including electroporation, microprojectile bombardment; lipofection, infection (where
the vector is coupled to an infectious agent), transfection employing calcium chloride,
rubidium chloride, calcium phosphate, DEAE-dextran, or other substances. The choice
of the means for introducing vectors will often depend on features of the host cell.

179 For most animal cells, any of the above-mentioned methods is suitable for vector
delivery. Preferred animal cells are vertebrate cells, preferably mammalian cells, capable

of expressing exogenously introduced gene products in large quantity, e.g. at the
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phosphof r uct oki nase, gl ucose-6-phosphate isonerase, 3-phosphogl ycerate
nmut ase, pyruvate kinase, triosephosphate isonerase, phosphogl ucose
i somer asewoandibucoki nase. Ot her pronoters, which have trha/tsdz24s8nnal
advant age of transcription controlled by growth conditions, are the
pronoter regions for al cohol dehydrogenase 2, isocytochrome C, acid
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enpl oyed by artisans 1n
osmolarity. The nutritional requirements of cells are usually provided in standard media

formulations developed to provide an optimal environment. Nutrients can be divided
into several categories: amino acids and their derivatives, carbohydrates, sugars, fatty
acids, complex lipids, nucleic acid derivatives and vitamins. Apart from nutrients for
maintaining cell metabolism, most cells also require one or more hormones from at least
one of the following groups: steroids, prostaglandins, growth factors, pituitary hormones,
and peptide hormones to proliferate in serum-free media (Sato, G.H., ef al. in "Growth of
Cells in Hormonally Defined Media", Cold Spring Harbor Press, N.Y., 1982). In
addition to hormones, cells may require transport proteins such as transferrin (plasma
iron transport protein), ceruloplasmin (a copper transport protein), and high-density
lipoprotein (a lipid carrier) for survival and growth in vitro. The set of optimal hormones
or transport proteins will vary for each cell type. Most of these hormones or transport
proteins have been added exogenously or, in a rare case, a mutant cell line has been
found which does not require a particular factor. Those skilled in the art will know of

other factors required for maintaining a cell culture without undue experimentation.
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Exenpl ary pronoters operative in selective animal cells include

hepat ocyte-specific pronoters and cardi ac nuscl e specific pronoters.
Dependi ngwonsnke®erhoi ce of the recipient cell types, tho®eTaisnt/tese2in the
art will know of other suitable cell-specific or tissue-specific pronoters
applicable for the construction of the expression vectors of the present
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transcri be 0 provi enylat1on ©of the nRNA and/or transcri ptional

term nati ORun SdAd orghfi€atEhfichiah Rito BBRUARAS EmBFyBE A8 M Wi tabitsskana iar
nor e transmpl ptional ~ term nati on sequences (such as pol yadenyl ati on

sequences) e, Bich ¢t thésehfethGiidiab anetct ddyarithgesiand disatiivmtapes.atibis, banial  DNA
sequence so as to further disrupt transcriptional read- through. Preferred

t er m nat or pagiguiRnarthod@f iiterducigtveotorssintoes partitul sl apirspecied mayweint i on  have
a gene that is followed by a transcription term nation sequence, either its
own ter m neddssanily bejthenuest effectivecbeamitioey plemnt spacitsnat i on sequence. Exanpl es
of such termnation sequences include stop codons coupled to various

pol ya82ny! at i on Agzopasterivm tuptefaciensenddiaiosh transferia a yyidely wppligaplesysiemeor e, and

exenplified below. Were the terminator conprises a gepe, it can b
advant ageouradycingaegtorfanto Rlantslle hecauiethe vedoreands létr%‘?uceé e b“%ﬁlﬂ Igant

T et 102, TR0 L Ch L e P S ERce e EBiECE ©
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conain o Kb, T SpS IR AR AP G R FSRNOB AR T,
vector), alhhguahosuahiandBy LahsfORRE aGRRiRFoGREE DREA @ T-DNA) into a host
cell, where it becomes integrated into nuclear DNA. The T-DNA is defined by border
sequences which are 25 base pairs long, and any DNA between these border sequences is
transferred to the plant cells as well. The insertion of a recombinant plant viral nucleic
acid between the T-DNA border sequences results in transfer of the recombinant plant
viral nucleic acid to the plant cells, where the recombinant plant viral nucleic acid is
replicated, and then spreads systemically through the plant.
183 Because not all plants are natural hosts for Agrobacterium, alternative methods
such as transformation of protoplasts may be employed to introduce the subject vectors
into the host cells. For certain monocots, transformation of the plant protoplasts can be
achieved using methods based on calcium phosphate precipitation, polyethylene glycol
treatment, electroporation, and combinations of these treatments.
184 In addition to protoplast transformation, particle bombardment is an alternative
and convenient technique for delivering the invention vectors into a plant host cell.
Specifically, the plant cells may be bombarded with microparticles coated with a

plurality of the subject vectors. Bombardment with DNA-coated microprojectiles has
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anot her pol ynucl eoti de sequence co-introduced into the host cell. Only
those host cells into which a sel ectable gene has been introduced wl|
survive awd/odnimsow under sel ective conditions. Typical ®erasnr/osyenes
encode protein(s) that (a) confer resistance to antibiotics or other
toxins, e.g., anpicillin, neomycyin, G418, nethotrexate, etc.; (b)
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anplification of the vector in the prokaryotic host (the anplification
cel | type) .subk & Hé phisyure afiantifyi dficoated partielek) disthh@rbetweetethé itadrokaeier A0 and
one is derived from pBR322 al t hough any suitable origin known in the art
may be usedh@stoppidgdereén ahid fyihg disegmice frati tha stoppingescreen tathe talpetr e t he
vector is a shuttle vector, the vector preferably contains at |east two
sel ed8abl e mar Résctgrs oarealfobe itdosgskistosplants b direetyREAdransignintd pellanas
anplification cell type. Any selectable marker known in_the art or those
\Zhiow e

descri bed hi@s@imldﬂaa gbaMpheds wdinzymologunkdliGad1943)1 ReHesephrieryifgn.
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(a) Hand Inoculations. Hand inoculations are performed using a neutral pH,

low molarity phosphate buffer, with the addition of celite or carborundum
(usually about 1%). One to four drops of the preparation is put onto the
upper surface of a leaf and gently rubbed.

(b) Mechanized Inoculations of Plant Beds. Plant bed inoculations are
performed by spraying (gas-propelled) the vector solution into a tractor-
driven mower while cutting the leaves. Alternatively, the plant bed is
mowed and the vector solution sprayed immediately onto the cut leaves.

(¢) High Pressure Spray of Single Leaves. Single plant inoculations can also
be performed by sprayihg the leaves with a narrow, directed spray (50 psi,
6-12 inches from the leaf) containing approximately 1% carborundum in
the buffered vector solution.

(d) Vacuum Infiltration. Inoculations may be accomplished by subjecting a
host organism to a substantially vacuum pressure environment in order to

facilitate infection.
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178 The invention provides host cells transfected wth the vectors or a
library of the expression vectors described above. The expression vectors
can be i nwopodoe®ad i nto a suitable prokaryotic or eukaryotCa/uset/b458y any of
a nunber of appropriate neans, including electroporation, mcroprojectile
bombardnent; |ipofection, infection (where the vector is coupled to an

i nfectious agent transfection enploying cal ciumchlorjde,  rubidium
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type. Wereas a defined medium supporting cell survival naintains the

vi abi lity, expressed Alops, Coapaoilyenployeddong ginclodingrnigagphesteellsargS. capaci ty of
the cell to differentiate, a defined nedium pronoting cell growth provides
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determined using any nucleic acid or protein assay known in the art. For example, the

presence of transcribed mRNA of L or H chain, or the Sc Abu can be detected and/or
quantified by conventional hybridization assays (e.g. Northern blot analysis),
amplification procedures (e.g. RT-PCR), SAGE (U.S. Patent No. 5,695,937), and array-
based technologies (see e.g. U.S. Pat. Nos. 5,405,783, 5,412,087 and 5,445,934), using
probes complementary to any region of Abu polynucleotide.

189 Expression of the vector can also be determined by examining the Abu expressed.
A variety of techniques are available in the art for protein analysis. They include but are
not limited to radioimmunoassays, ELISA (enzyme linked immunoradiometric assays),
“sandwich” immunoassays, immunoradiometric assays, in situ immunoassays (using
e.g., colloidal gold, enzyme or radioisotope labels), western blot analysis,

immunoprecipitation assays, immunoflourescent assays, and PAGE-SDS.
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acids, conmplex lipids, nucleic acid derivatives and vitam ns. Apart from
nutrients for maintaining cell nmetabolism nost cells also require one or
nor e hor repaes/oizvem at | east one of the foll owi ng groups: PETArso/elss?2
prostagl andin, growh factors, pituitary hornones, and peptide hornones to

proliferate in serumfree nedia (Sato, GH., et al. in "Gowh of Cells in
Hor nonal |y Defi ned dia", ring. darbor P ehss, N Y., I n
addition t dsefthepolynugleatides, vectors and hos 0} the present inven,
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cells include Agrobacteriumnedi ated plant transformation, protoplast

t r ansf or matsubject mdymicieotides, gectorss or gsoiehietes fonpredudinmandscoeenmgplesiedt Abue
organs and injection into i mmature enbryos. As is evident to one skilled in
the art, edwbeddn thhizswtigen bindiog lsperilidities. nct advant ages and di sadvant ages.
Thus, one particular nmethod of .introducing vectors into a_particular plant
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identifying the Abu that is immunoreactive with the desired antigen.
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193 The ability of an Abu to specifically bind to a desired antigen can be tested by a
variety of procedures well established in the art. See Harlow and Lane (1988)
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York; Gherardi
et al. (1990) J. Immunol. Meth. 126:61-68. Typically, Abus exhibiting desired binding
specificities can be detected directly by immunoassays, for example, by reacting labeled
Abus with the antigens that are immobilized on a solid support or substrate. In general,
the substrate to which the antigen is adhered is fabricated with material exhibiting a low
level of non-specific binding during immunoassay. A preferred solid support is made
from one or more of the following types of materials: plastic polymers, glass, cellulose,
nitrocellulose, semi-conducting material, and metal. Preferably, the substrate is petri
dish, chromatography beads, magnetic beads, and the like.

194 For such solid-phase assay, the unreacted Abus are removed by washing. Ina
liquid-phase assay, however, the unreacted Abus are removed by some other separation

technique, such as filtration or chromatography. After binding the antigen to the labeled
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cell, where it becones integrated into nuclear DNA. The T-DNA is defined by
border sequences which are 25 base pairs |l ong, and any DNA between these
border sewompedets transferred to the plant cells as welPCI/USa&24585erti on
of a reconbinant plant viral nucleic acid between the T-DNA border
sequences results in transfer of the reconbinant plant viral nucleic acid

to the plant. cells, where the reconpinant plant, viral nuclei.c acid is
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transfor maty, @R anf@kd | Cl € borbardment is an alternative and convenient
technique for delivering the invention vectors into a plant host cell.
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m cropr oj ecihitlemvoBes pfesWiiing3he deided aadeén 40t 2415538 teaerted; Whenelabdlinglthe used
to produce stable transformants in both plants and aninmals (see, for

exanpl e, Samfgetratlistwith AbstthistIye Matphabie detectable/agehtsgiolloRed by 8epasaifig the
Mcroparticles suitable for introducing vectors into a plant cell are

typi cal | y relerbedodells fronathe untabiled pnks/intawalistostar. of sgphiisticateideost sepagatinmar ti cl es
are avail able for exanple, from BioRad (e.g.., Bio-Rad' s PDS-1000/ He).
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b tim d f | t.b i t h ,
ottt oD% ifinsistean Asnpie] beeasH LD b TEpEsseaes SLetich fell Dalitd DX e
1 i d f.lvyi dj.,st f t.h 1 i 1 the t t.
160" Ventor thE BlodRGghy tlath it 068, STl ™ S1 PP NS SO ERA (Fanerer | bro
|1 d i . et j . . : 3 (1983);
PO LB 1o ot ARl RS e L RNl Ohs 10 (195
Reporter, Gdeiiﬁéatﬁ.%%ﬁé*gmiéw%{cicﬁ{eagésdcé@mmi@@m%ﬁaﬁé B34R8 thdumb&d i nto

reproductive orgaffis o pl an escrib
amino acid sequences, the cDNA encoding the antibody polypeptides can then be

obtained by recombinant cloning methods including PCR, library screening, homology
searches in existing nucleic acid databases, or any combination thereof. Commonly
employed databases include but are not limited to GenBank, EMBL, DDBJ, PDB,
SWISS-PROT, EST, STS, GSS, and HTGS.

197 When the repertoire of Abu is displayed on phage or bacterial particles, selection
is preferably performed using affinity chromatography. The method typically proceeds
with binding a repertoire of phage Abus to an antigen coated plates, column matrices,
cells or to biotinylated antigen in solution followed by capture. The phages or bacteria
bound to the solid phase are washed and then eluted by soluble hapten, acid or alkali.
Alternatively, increasing concentrations of antigen can be used to dissociate the Abus
from the affinity matrix. For certain Abus with extremely high affinity or avidity to the
antigen, efficient elution may require high pH or mild reducing solution as described in

WO 92/01047.
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by Pena et al., Nature, 325:274 (1987). 186 O her techniques for

I ntroducing nucleic acids into a plant cell include: (a) Hand I nocul ati ons.
Hand i nocwbasiomis9 are performed using a neutral pH, |ow morarser/gsghosphat e
buffer, with the addition of celite or carborundum (usually about 1% . One
to four drops of the preparation I's put onto the wupper surface of a |eaf
and gently rubbed. Mech | nocul ati.ons of Pl ant Pl ant, bed
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host cells for cloning and expressing the subject vectors are prokaryotes
and eukar yoyitle theidesiedieafinitg bartlse éollegicd by wishinp theddtien-Sfidigahatrigrwikiar yot es
for this purpose include bacteria including Gamnegative and G am positive
or gani snms. pr&epseasent amidi;t'mnlsmuﬂwiesfomﬂigehﬁim atlthe clemfagaisite. oBuchahigestien ar e

Ent er obacteri aceae (e.g E. coli), Enterobacter, Erwinia, Klebsiella,

Pr ot eus, S&VMdeftlt%se(thﬁ@buS’é@mﬂh%Ph?@e palsmlﬂsrmrl urr) Serratia (e.g.

Serratia nmarcescans Shigella, Neisseria . Nei sseria neningi tidi s) as
vel | 189 Bacilli Ara mﬁa\@. prmedslcﬁa&oltm aboygds Bégkq the affindtyaRatriy Prhich has
Preferably, the host ce secm%9 ni ma unts of pr eoI t.l c fragrrents
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transform E. coli host cells or alternatively the antibody encoding sequences can be

amplified by PCR using suitable primers.

200 The efficiency of selection is likely to depend on a combination of several
factors, including the kinetics of dissociation during washing, and whether multiple Abus
on a single phage or bacterium can simultaneously bind to antigens on a solid support.
For example, antibodies with fast dissociation kinetics (and weak binding affinities)
should be retained by use of short washes, multivalent display and a high coating density
of antigen at the solid support. Conversely, the selection of Abus with slow dissociation
kinetics (and good binding affinities) should be favored by use of long washes,
monovalent phages, and a low coating density of antigen.

201 Where desired, the repertoire of Abus can be pre-selected against an unrelated
antigen to counter-select the undesired Abus. The repertoire may also be pre-selected
against a related antigen in order to isolate, for example, anti-idiotypic Abus.

202 The subject Abu repertoire enables rapid isolation of Abus with desired
specificities. Many of the isolated Abus would be expected to be difficult or impossible

to obtain through conventional hybridoma or transgenic animal technology.
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and C. glabrata, C. maltosa, C wutilis, C stellatoidea, C. parapsilosis,
C. tropicalus, Neurospora crassas, Aspergillus nidul ans,

Schi zosacwbasomoeees ponbe (S. ponbe), Pichia pastoris, amdTNm0DMS&2

l'i polytica. 188 Once introduced into a suitable host cell, expression of

t he Abus can be determ ned using any nucleic acid or protein assay known
t he

in the art._For exapple presence of .transcri bed nRNA of L or H chain,
or the Sc Alifscomprisingthevieglors, ofithe presentinvenfign y conventi onal
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and vectors of this invention have several specific uses. They are useful,
for exanpl epay alscesqutais s¢agents ysefelnfor generating Iphedetlpalymielestidpprobeser and  Nsc
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to, buffers, capture reagents, developing reagents, labels, reacting surfaces, means for

detection, control samples, instructions, and interpretive information.

205 Further illustration of the development and use of Abus, polynucleotides, vectors
and host cells according to this invention are provided in the Example section below.
The examples are provided as a guide to a practitioner of ordinary skill in the art, and are

not meant to be limiting in any way.

EXAMPLES

Construction of Non-Single-Chain Antigen-Binding Units: Coiled-Coil Fv (ccFv)

206 As described above, the Fv fragment is the smallest antibody fragment containing
the whole antigen-binding site. Composed of the two variable regions of heavy and light
chain (VH and VL), Fv is located at the “upper” tips of the Y-shaped immunoglobulin
molecule. The Fv fragments have very low interaction energy between their two VH and

VL fragments, and are often too unstable for many applications at physiological
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preparing a genetically diverse repertoire of Abus, wherein the repertoire
conprises at |east one subject Abu; (b) contacting the repertoire of
anti gen bwodBfgoanits with the desired antigen; (c) dete@Crngoza24pecific
bi ndi ng between Abus and the antigen, thereby identifying the Abu that is
| mmunor eactive with the desired antigen. 193 The ability of an Abu to

specifically bind to a desired antigen can he fested by a . varie of
pr ocedur es SREfitioRs {ngng OCHIFIRG H&F’c“?"é@@‘%%%% a A e RRALR f@g@lde

Gherard - dondFoeaRigegie e R Hameits (TRt P o5358Ek iR S vig e
crardi GOATCSEB0” |

unoaseay e Gk e ARGl Eadhtly P AR SR GRS
e i bi 4 ' ; bstrat

A S i A R A

low |evel gfeanQnySP&oltideptidt Mtichethiech it dapBBAYPREARNS of'olld RABAEREngO! | d
support is de romone or nore of the follow ng types of naterials:

pl astic polaiiRéSernfhidSsT.an61@b (| fOfif a sirpld-ElRmeFy dhidtsrly fr@fiencQOEWC [THeg
material, and netal. Preferably, the substrate is petri dish,

chr omat ogr aphy altbmashindiBg et isorlly Aals theasiet ditfabl Hosvevdd)4othe scBumbteins are

sol i d- phase assay, the unreacted Abus are renoved by washing. In a

| i qui d- phasatsoasstple. Hchegpobypeptidelinker éasdFadanimterfare avitiebindiad ilhsosocasest her
separation technique, such as filtration or chromatography. After binding

t he anti gerAn tterbleaih diselfisld boad Wes @3y baspdsgoduced ugo ewals wegionshia dount
of bound | abel is determned. A variation of this technique is a

conpet i ti vendSdaio form agdisulfide-piabidized e (sFy). pbgdsiy contigyaten Ao bast h an

ori ginal bindjng, nolecule. Wen_ a population of, the suybject u,Js

i nt r oduced Rrefoupd hgg%p@(,T}&dpgyodqqt;gggkjmpygggﬁ}dgpﬁ e Eﬁ‘?é‘rml%‘fnﬁ pilgaffinity

i1l be able t t d thus. in.bound, to. t i gen. . 195

A Lernat | verabie SEP BasPRieh S Bea R anait pihin v EYT, 800y cor
ting, which inwol .esenting the desired anti the cells to b

ot e, t naermsen R ek B e "Cl IS w th Abus that are coupl ed fo

det ecibl e agenty, glfagée pw;eg atawaga%ésg@gh Reapiie vxgaig(gl theGbliithel "WEMLRE

unl abel' ed ones in rter. i sticate separation
designed and used a unique heterodimerization sequence pair to create a Fab-like,

functional artificial Fv fragment, namely coiled-coil Fv fragment (ccFv). The
heterodimerization pair were derived from the heterodimeric receptors GABAg receptors
1 and 2. The pair of sequences forms a coiled-coil structure and mediates the functional
heterodimerization of GABAg-R1 and GABAp-R2 receptors.

208 Distinguished from previously characterized coiled-coil leucine zippers from the
Fos and Jun proteins, the C-terminal coiled coil of GABAp-R1 and GABAg-R2
receptors do not form detectable homodimers under physiological conditions (e.g. in
vivo); nor do they form homodimers at physiological body temperatures. Research by
Kuner et al. and White et al. (Science (1999) 283: 74-77); Nature (1998) 396: 679-682))
have demonstrated the heterodimerization specificity of GABAg-R1 and GABAg-R2 in
vivo. In fact, White et al. were able to clone GABAp-R2 from yeast cells based on the
exclusive specificity of this heterodimeric receptor pair. In vitro studies by Kammerer et
al. supra has shown that neither GABAg-R1 nor GABAp-R2 C-terminal sequences is

capable of forming homodimers in physiological buffer conditions when assayed at
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met hod is fluorescence-activated cell sorting (FACS). Cells traveling in
single file in a fine streamare passed through a | aser beam and the

fl uor escewoasmizoeach cell bound by the fluorescently | abelcadiséyeusss t hen
measured. 196 Subsequent analysis of the eluted Abus may involve protein
sequencing for delineating the am no acid sequences of the L and H chai ns.

Sﬁfiﬁleﬁg o ebviaeeRLr B mBpRaT: e%%i&ﬁﬁﬂﬁﬁﬂ%@ﬁﬁ%%&%@h?%ﬁi adi g
dat aba!se;ar%/ﬁ‘e heenl anv?rﬁﬂ?‘b‘}%%)‘%@r@g&g%@&%ﬂ?‘{/n Oﬁh%?%ﬁ%g B‘Etga e:%%cgthlencl ude

ss, araﬁd”ﬂ%a@fé‘?ﬂm ﬁ‘ﬂ@ﬁ%ﬁé’%ﬁu R P B O S AN or
bacteri al ci/d "BLF odlﬁi‘é quérlléfsofo?f:&{sﬁjﬁl:‘bfmpgf ﬂe@érﬂﬁmtﬂﬁérﬁﬂnﬁfafs' nity

chr omat ogr a e met typlc y proceeds wth binding a repertoire of
phage Abus ahg épbﬁaﬁllggﬁﬂscoat ed plates, colum matrices, «cells or to

bi otinyl ated antl genin solution foll oved by. capt ure. The phages or

bact epppa bound We hiemsaified i) @&FB0:a Grivarailed GRIdarid6R2 @buikizd b yddiak bl e
hapten, acid or alkali. Aternatively, increasing concentrations of

anti gen carfldyen tiS@ArgCly@igSHaG1aT & thbemMimiterminus wf GRY aklfGR2 dymains to x. For
certain Abus with extrenely high affinity or avidity to the antigen,

ef ficient grotideaddibgnal dgxabiliy o thie \pr¢gomsnillodurtbehstibiligessFutwohaves
described in WO 92/01047. 60 WO 03/012069 PCT/ USQ2/ 24582 198 To avoi d,
potential difréduced apeis of aysteisetasiduagby Adding (iMal GAalyCist Bpacereat deesCrieranini

bi ndi ng specificities, protease cleavage sites nay be |ntrfduced bet ween

fj he I het er (ﬁflthﬁe‘iqgétcpég lsee%é@ew%m%s wrdbeddpthe i Roecl rrings g ¥l f or
b:yts pa?E' ﬂgtanaewr et feseroncly. TreVpROR ffaQ}oL %ﬂ%ﬁ SWE’&%%H? Sring tﬁs.
A i ,

non- spect 1 1L A GRSER Y PRk %%ﬁﬂ%ﬁl&ﬁ@éﬁifﬁ%{“ -t ol R R °€ﬁV§ he
desired af fAﬂ.{s s¥abglgiréd?)§ r‘{%@{)&rﬁﬁél%gﬂp %ﬁlﬁa %I‘%n%{e'dg%ﬂlc@ft ééHulfe}{-cESHt rix

with proteéase un I ons SUI estion’at t eavage
site. Such yfli9&sitdeAPation sequences are about half the size of CH1 and CL domains, the ccFy

(approximately 35 kDa) is smaller than the conventional Fab fragments (approximately
50 kDa). Because of the small size, the ccFvs and its derivatives are potentially more
useful for clinical applications such as tumor and tissue penetration. More efficient
expression and display of ccFv is expected. Furthermore, the specific assembly of VH
and VL regions due to the pairwise affinity of the unique heterodimerization sequences

makes the construction of a robust, vast diverse repertoire of Abs more feasible.

Materials and Methods:

210 Bacterial and phage strain: Escherichia coli TGl ( supE A(hsdM-mcrB)5(rymy
MecrB)thi A(lac-proAB/ F’ traD36, Lacl’ A(lacZ)M15] was used for plasmid DNA and
phage production; KO7 helper phage and HRP-conjugated anti-M13 antibody from
Phamersham Pharmacia Biotech; pbluescript SK(+) from Stratagene; Anti-HA antibody

from Santa Cruz Biotechnology.
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woul d rel ease the Abus fromthe phage particles. 199 An alternative
procedure to the above is to take the affinity matrix which has retained

t he stromgbyslomenel phage or bacterial particles and extra®CTtusez/z4582cl ei
acids, for exanple by boiling in SDS solution. Extracted nucleic acids can
be used to directly transformE. coli host cells or alternatively the

anti body encodi sequences, can be anplified by PCR using suitable
primers. Z&QH&&%%W%I ection is likely to depend on a

conbi nati on of several factors, including the kinetics of dissociation
during washi ng, and whether nmultiple Abus on a single phage or bacterium

can sinmult el Lgens on a solid support. For exanple,
TR Sall R 2 e

ant i bodi es on kinetics (and weak binding affinities)
shoul d be retai ned by use of short washes, nultival ent display and a high
coating density of antigen at the solid support. Conversely, the selection

of Abys with sl qwedhasafidalidpPy vecto?PUBNXIaRE pAaBMXDiviE agivalifftomht i es)
shoul d be favored by use of '| ong washes, nonoval ent phages, and a | ow
coating deppideycriph SKIItH). getniqud Ag¥ihestticties sitecwlas intreduced dninediatelphfidlias can
be pre-selected against an unrelated antigen to counter-select the

undesi red AbsraotedbePCBPastdsitediteyedanstgtiespprvatisebat of pdmen@dSaSKaa r el at ed
antigen in order to isolate, for exanple, anti-idiotypic Abus. 202 The
subj ect Ab’ GEPATHETEASHEGCATAAGAATTHINGEGEHT (HCACASGAAACIGCTATGA
specificities. Many of the isolated Abus woul d be expected to be difficult
or inpossi KIGATEGE3 and dBS-BlRbough conventional hybridoma or transgenic

T SR A b
ermbod oa. byl 4rRY. AR ROV bl esss it by shr i bl RuPs BRE BRI s
Cequence padieartsnte sy nBaieRNA phdrtls BB sl ShERCT WIEBRATRIAL. . (e
The sol sot 1455 4 T ERGINRE PR e FEhalcP FP ALY SRS gfR10, Qoss! 1 ®
(TTAACTTTA), ribosome binding sequence S/D (TAAGGAGG), fd phage gene8 leader

sequence with HindIII site
(ATGAAAAAGTCTTTAGTCCTCAAAGCCTCCGTAGCCGTTGCTCCCTCGTTCC
GATGCTAAGCTTCGCT, for pABMX1) or pelB leader sequence
(ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTA
TTACTCGCGGCCCAGCCGGCCATGGCG, for pABMX?2) and HA-(His)s-tag
(DHtag)(TATCCATACGACGTACCAGACTACGCAGGAGGTCATCACCATCATCA
CC ATTAG), were cloned into modified pbluescript SK(+). The resulting vectors are
designated pABMX1 and pABMX2 (see Fig. 3A-B for restriction maps and sequences).
Heterologous sequences encoding heteromultimers such as Nsc Abus were further

subcloned into these vectors for periplasmic expression.

pABMD1 and pABMD?2 vectors:
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may vary depending on the particular transfection or infection nethod used.
The kits may al so contain reagents useful for generating | abel ed

pol ynucl ewDiod®1wsobes or protei naceous probes for detectipen/ush2/A385. Each
reagent can be supplied in a solid form or dissolved/ suspended in a |iquid
buffer suitable for inventory storage, and |later for exchange or addition
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i nstructi onsS? and I nterpretive or na

devel Oprfe”tdﬁ%@ﬂ?)gﬁi@sﬁ@fg rg@%mﬁ%&ﬂ%ﬁ&ﬁ%ﬁﬁ% MECLAS dispelelOfibhasd | S

according to t are provided 1 n the Exanpl e séction below. The

exanpl es arg et Sherinfcdtion b§ Belpr phagk 86dh 4si00Rr of ordinary skill in the
art, and are not neant to be Timting in any way. EXAMPLES Construction of

Non- Si ngl e- Chain Antigen-Binding Units: Coiled-Coil Fv (ccFv) 206 As

descri bed above, the Fv fragment is the smallest antibody fragnent
containing the whole antigen-binding site. Conposed of the two variable
regi ons of heavy and light chain (VH and VL), Fv is |located at the "upper"
tips of thPABMKIpad nABMXoégieotons:i n nol ecul e. The Fv fragnents have very

| ow i nteraction energy between their two VH and VL fragnents, and are
often too unstable for many applications at physiological 62 WO 03/012069

'5), 248 1 nt or chaMSeEUI I e S EREE BNDLhS LB hVARE. ASHHPFE O and
CL | U520 10,14l A0 L0 M TS o SRR SR ES g
shoun et 160ty AR AAAEARARBIOLE Ry Yl L ooother
(oL TR RO R PSR ERY | ege
However, sofger £eT¥ TRARICECE, Svas inserted into pABMX1 and pABMX2 by Xbal/NotI

sites. Afterward, the GR1 domain coding sequence (Fig. 2) was subcloned into Xba/Ascl

sites, and GR2 domain coding sequence (Fig. 2) was inserted into Xhol/NotI site. Then

the VH and VL domain were inserted before GR1 and GR2 sequence respectively. A

schematic representation of the vectors pABMX5 and pABMX6 are shown as Fig. SA.

These vectors express two proteins: VH-GR1 and VL-GR2 under one lac promoter.

pABMDS5 and pABMD®6 vector:

214 The ccFv DNA fragments from vector pABMXS and pABMXG6 vectors were
subcloning into pABMD1 and pABMD?2 to yield vectors pABMDS5 and pABMDG6 (see
Fig. 6A-B for restriction maps and sequences). These vectors express two proteins: VH-
GR1 and VL-GR2-pIII fusions. The expressed VH-GR1 and VL-GR2-pllI fusions are

secreted into periplasmic space, where dimerization takes place via the coiled-coil
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al so unstabl e. The pol ypeptide linker in scFv can interfere with binding in
sonme cases. An interchain disulfide bond has al so been introduced into the
f ramewor kwoagiomes9 in VH and VL to form a disul fide-stabi [PCTatboFusgUsFV) .
The dsFv configuration also has profound limtations. The introduction of
two Cys residues into the antigen-binding variable regions may change the

intrachain disul fide_bond i.n VH or VL, refqre ..interfere with.antigen
bi ndi ng. 26PMAR heteradimsrization. ﬁ&%ﬁ?{%@% it tled cigpl4ved OB png pTipee upoh

het er odi mer. W\ _have igned and. us uni que heterodinerization
sequence pgppe%ec?pgﬁfgglie%_gﬁ ?%}?Paﬁ%@ti onal artificial Fv fragnent,

nanely coiled-coil Fv fragnent (ccFv). The heterodinerization pair were
derived fromthe heterodineric receptors GABAB receptors 1 and 2. The pair
of sequences forns a coiled-coil structure and nedi ates the functional

het er odi meri zati on of GABAB-Rl and GABAB-R2 receptors. 208 Di stinguished
from previ (Eg&lr%léij}aEﬁﬁ&%&;@@&ﬁﬁbmc@W | | eucine zippers fromthe Fos and
Jun proteins, the CGtermnal coiled coil of GABAB-Rl and GABAB- R2
receptigrs do notAdtibody deitigilé dbheink GFRCAMDOEy WM E vephyibhedint@pABMK6t | ons
(e.g. in wvivo); nor do they form honodi ners at physiol ogi cal body

t enper at ur agctoREsE@reasbionyccFKingmert Thk veetor wililtea introduced (nBreithee 8(11999)
283: 74-77); Nature (1998) 396: 679-682)) have denonstrated the

het er odi mercelini Bh2kpalsi fTheittapsfofmc@BaBrRIinH00 ndABAE- Rtdining approximatelyact |
Wite et al. were able to clone GABAB-R2 from yeast cells based on the

excl usi ve dP8aigfmbearhenigillinrangd hEbalvngberEpme single golony s grew 0 QPsws &7 udi es
by Kammerer et al. supra has shown that neitger BAB- R, nor %ESAB-RZ
C-terni nal (arrgoeimataly), 3t 3TGpdunM o IPTGH waneslded Aot MsdaductopyaiS0dtodhe al

buf f it t 63. WD.03/ 012069 PCT/ US02/ 245

pﬁys?(rjl 83?%F{eﬁ%mg%ﬁgg@%%gégf(wlaﬁm g OSG‘FO%IQ Brre?a.‘raéﬁfb\eaﬁ?eer?eur%ne of
h b . ! ek Cainal i !

CABAB- R o EaPTEd i o At BP0l RS EhP b RhPrhch B a28-

d b fpi ; _ L SEAUS]

Sequences ¢ B EPPRERA 25 R MRGRE imbltr AR S RO TP AFE R 20,
units. min. The supernatant was collected by spinning. The pellet was resuspended in 5 mM

MgSOy,, and incubated on ice for 20 min. The MgSO, and PPB supernatants were
combined, and dialyzed against PBS. After loading to a 1ml of Ni-NTA column, the His-
tag proteins were purified by 350 mM imidozole elution. Figure 10A shows that the
purified ccFv has an electrophoretic mobility of 35 kDa on a non-reducing gel. When
analyzed under reducing condition, two subunits corresponding to VL and VH were
observed. The upper band was confirmed as VL-His-tag fusion by Western blot
analysis.

216 To measure the binding specificity of soluble AM1-ccFv, ELISA assay was
carried out. The AMI1 antigens (0.2-1ug/well) were coated on ELISA plates for
overnight at 4 °C. After 5% milk/PBS blocking, antibody solution in 5% milk/PBS was
added to the ELISA plate, and incubated for 1-2 hr at room temperature. The unbound
Abus were washed out. Figure 10B shows specific binding of AM1-ccFv to its antigen.
The control contains 5% milk in PBS. This result confirms the assembly of functional

ccFv by the coiled-coil GABAp R1/R2 heterodimerization sequences.
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209 W& have nodified the carboxyl term nus of GR1 and GR2 domai ns by addi ng
a flexon "SerArgdydydydy" to the amno-termnus of GRI and GR2 donai ns
to proviwe caddiosd onal flexibility to the V regions. To fucTrheso2/s458bilize
ccFv, we have introduced a pair of cysteine residues by adding

"Val d yd@ yCys" spacer at the CGtermni of the coiled coil. The GR1 and GR2
domai ns are_ fused,t

respecti vels===H #5i ons were expressed in E. coli and

e by Do e e T F aur 11 funchi e
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size, the ccFvs dnd i1'ts derivatives are potentially nore "usefl

clinical apRMiCakibedyints!sABMDS Y8M6r. NG bélETatyR2NRE pRddeiid veR6S vRié | Ci ent
expression and display of ccFv is expected. Furthernore, the specific
assenbl y ofsuyblinfactdd ¥ K@Dhelps phdge.t Dhé i€eaial TGA sellsabéegirdwn bf t he uni que
het er odi meri zati on sequences nakes the construction of a robust, vast

di ver se r e DiAne/Kan Ab3 Y@ oeerhight i Theephaybrhil peaaticlesawelrelpredipitided @210
Bacterial and phage strain: Escherichia coli TGL (sup. E AChsdM ncrB)5(rk nk
MerB') t hi AREGNasH dvedn tulfiire supmDBdants tvdfe,iand resusPentled] inRBS.ukelaritibodpl asmi d
DNA and phage production; KO7 hel per phage _and HRP-conjugated anti-ML3
anti body f r&isplayedanephone HapHeteetad b amigandupding petifatycyia phagsiltiLoS Arasea.

0313055 it o Sk ST 1 o e D BB
V 211 T i i A ABNX?2 i
vectors. 211 The RBGPSIL Gyl LAY KorASr JRA. e, pesi et e dervsd

| medi at el v ali6on ki R PORN Bl n S PARAYeS i AbGERE AR H2R0GR S Vi P

mTTqm%IW%WMWM%%GaSWGmCHt of HRP activity.

The anti-HA tag antibody was also used to detect the proteins displayed on phage

particle. The anti-HA antibody was coated on 96-well plates (2 ug/each well). The
phages bound to anti-HA antibody coated on ELISA plate were detected by HRP-
conjugated anti-M13 antibody.

218 The single-chain antibody phage was also prepared for comparing the ccFv and
scFv phage-display. As shown in Figure 11A-B, the binding capability of ccFv phages is
comparable to that of the conventional scFv phages. For certain ccFv expressing phages,
their binding capability is almost one order of magnitude higher than phages expressing
conventional scFv (Figure 11B). Thus, ccFv is a functional Abu even when displayed on

a phage particle.

Expression of Single-Chain Antigen-Binding Units:

Example 4: Expression of conventional scFv

219 The AM2-scFv was subcloning into soluble expression vector pABMX1 at the
HindIII/NotlI sites. The periplasmic preparation was carried out as outlined above. A 30

kDa antibody protein purified from NI-NTA column was confirmed by SDS-PAGE
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CCATG 3' and pBS-SKb 5
CATGGTCATAGCTGTTTCCTGTGTGACCGGTAAATTGTTATCCGCTCACAAT  TCC-3'), and the Xhol
and Kpnl wptie®12ee¥ e del eted by cutting and bl unt end |i gatPCaruso2/2fs8er war ds,
the synthetic DNA fragnments flanked by Agel site at 5 and Bgll |/ EcoR

sites at 3', containing translation enhance sequence EP from T7 phage gene

oader | e anRS AT tor e ptigen DI spdcitidi usiRg T Rsa. "The ARIES 9ened
(e S R e O B AR PR i of G A ARG

for pABMX1P™

(A AT AC P HAPEARRRH NG T SRR SRRGRRATAROS o1

pABMX2) an -

-tag
(DH ag) (TAF AL ACCACT AP T CRRACRAGET I OFAT AT fore e ATBABdosiler ©
cloned into ITied pbluescript SK(+). The résulting vectors are
desi gnat ed RABMK: BIRdn OBNKE-EeREtofisGhe AN Paritiden (Eighrci§)I | on maps and
sequences). ~ Heterol ogous sequences encodi ng heteromul ti ners such as Nsc
Abus were further subcloned into these vectors for periplasmc expression.
pABMD 1 and pABMD2 vectors: 65 WD.03/012069 PCT/ US02/ 24582 212 A
PCR- anpl i f iEx@dmiptt SteDésplaylofconvemtineal 3¢F¥ omphamet f| anked by Bglll and Sall
sites was inserted into pABMX1 and pABMX2 vectors (see Fig. 4). The
het eR@Dogous s dieedda-scby freguesipias it ssholobngiintoghagemisfveetor pABMIghdkr
sequences. The lac pronoter drives expression of the plll capsid fusion,
which in t dhaHioslIf¥othsitesd 3(dFelncanvine thisphagamed vweoterwerg peegted Bt theon by
hel per phage such as_K07. PABMX5 and pABVMX6 vectors: 213 es vectors
ver e deri veglmer BragsAENk1 Theshagasiiree P‘KHB %f}iecsuf’@ﬂﬂapﬁsaggﬁﬂ‘ﬁem}’l&gnked by

Xbal / Ascl site at 5! and ul / Xhol / Not | si ' _cont aj ni t he
ri bosone biaﬁWﬁ’tﬁasssé‘H??@H?:‘my@ O(Wﬁ%\m; Aﬁﬁ%@‘h&@ﬂ%ﬁ% c Qg%gfé?‘il@édes'
(AT ge-gél-lrs-!c_ tTeT coatp ge%é s %ag'%‘%?d with k—f'A-&'algl, the fusion can be detected with anti-

HA antibodies. ELISA assay using AM2 antigen and anti-HA antibodies confirmed that
the displayed scFv was capable of specifically binding to the corresponding antigens
(Figure 9). The control involves phages displaying unrelated antibodies that are not HA.

tagged.

Expression of the Subject Antigen-Binding Units in Eukaryotic Cells:

Example 6: Expression of ccFv in yeast

221 The yeast vector pAMEX?7 carrying both VL and VH sequences that are linked to
the subject heterodimerization sequences is constructed. Competent yeast cells, e.g.
AH109 cell, are prepared and transformed with pAMEX?7 vectors according to any
method known in the art. The transformed yeast cells are cultured under conditions
suitable for protein expression. Such conditions are well known to artisans in the field
and hence are not detailed herein. The expressed ccFv Abus are harvested using
conventional methods known in the art and/or procedures described herein. The antigen
binding capability of the harvest ccFv are determined by ELISA according to the

protocols described above.

69



TCTATTCTCACTCCGCT), was inserted into pABMX1 and pABMX2 by. Xbal/ Not |
sites. Afterward, the GR1 donmai n codi ng sequence (Fig. 2) was subcl oned

i nto Xba/WeaB/01®bt es, and GR2 domai n codi ng sequence (Fi gPCT)usnazssBnsert ed
into Xhol/Notl site. Then the VH and VL domain were inserted before GR1
and GR2 sequence respectively. A schematic representation of the vectors

pABMXS and_pABMX6 are 0 as, Fig. These, yectors ress two

prot ei ns: W’Gh&‘eaﬁan‘ili&@\@i"&ﬂﬂ% P?8£V%%g$%lt$. ?ﬂ@(@@ngﬁﬁ pABNMDG

vect or: Zlé Tt}ﬁ .%E:.Fv DNA fragments from vector pABMXS and pABMX6 vectors
were subcPBRHEY*nt o pABMD and pABMD2 to yield vectors pABMDS and pABMDG
(see Fig. 6A-B for restriction maps and sequences). These vectors express

two proteiggsmMid7: SRlicRftht b ARRZ-cBiY bhdoes ofisa mbd Iibkayessed VH GR1 and
VL-GR2-plIT Tusions are secreted rnto periplasmc space, where

di nerj zat | kes_ pl ia the coiled-coil 66 WD.03/0 CT/ US02/

dormP4? Pt or od A iemPHoHS tehectsSMB S PHARES VU BFUF AAREPERTEHY fbge
i pfection of hel h as_KO7. e 2:
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AML d ABMX6 | Th

vect or was VRO WorBL 08 1 RoacdRFhg: ThRpmORLRR Pagifncd FPERRR, T

transfor m%}\ﬁi‘-%&ﬁ& Bt uﬁtﬂ%?élat%&f mP-Q&@%iPQQgeofﬁﬁong%m%@E% ¥t 1:18%ug/ m

/
car beni ci | and glucose Troma sin s grewto OD600 = 0.7

(approxi mat gt Yy, g(?mlgélgfggmﬁﬁé S thd Eglg’rl\é@%ﬁ% @&cﬁﬁg proteM Sntiglf ek RS at

30C. The bacteri t was collected Tor periplasmc and osnotic shock
prepar at i 0Roatdden RRt Riaxidvals 96 HKUSRAD YRk tdtridPot. M itdrBEcRit veith $§204QikD/ m
sucrose, 1mM EDTA, 30 mM Tris- HCI, pH 8.0) with 1.25 m protease inhibitor
cocktai | fipPBS| OXF0'? Hbrppliagein 296 niitk/PBS wené addelihe theupell, and arcubated for

coll ected by spinning. The pellet was resuspended in 5 MM MSH, and

i ncubat ed @rhoueseat Foosm 2énparatureT BRagetsSiMioarvhs PR disqaedadaarthths webls avere onbi ned,
and di al yzed against PBS. After |oading to a Im of N -NTA colum, the Hi s-
tag protei nveshet Btimes withdtB 3k (03B G0 iweeni2l dz BBE) andi? tises withdih®e Bagndshows
that the

phages were eluted with 100 mM triethylamine, and were added to TG1 culture for
infection. The phages prepared from infected TG1 cells were used for next round of
panning and ELISA against immobilized protein antigen of AM2-ccFv. After each
round panning, the ratio of AM2-ccFv phage to background phage AM1-ccFv phage was
also determined by PCR analysis of randomly picked clones via a pair of primers that
were specifically designed for AM2-ccFv only (a band of ~1 kb PCR product could be
visualized on 1% agarose gel), but not AM1-ccFv (no PCR product). As shown in
Figure 20, ELISA against immobilized protein antigen of AM2-ccFv was performed.
Phages from second round panning yielded much higher OD405 readings as compared to
that of the first round, suggesting that AM2-ccFv phages were successfully selected and
enriched during panning. PCR analysis in Figure 21 showed 1% agarose gel image from
PCR products of randomly picked clones. The results indicated that the occurrence rate
of AM2-ccFv phage was 4.4% from the 1: 107 library after first round of panning,

whereas after second round of panning, the occurrence reached 100%.

Example 8: Library screening using phage library displaying functional ccFv
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purified ccFv has an el ectrophoretic nmobility of 35 kDa on a non-reducing
gel . When anal yzed under reducing condition, tw subunits corresponding to
VL and VHvessmi1206bserved. The upper band was confirnmed asPUTAUE0%24587 f usion
by Western blot analysis. 216 To neasure the binding specificity of

sol ubl e AML-ccFv, ELI SA assay was carried out. The AML antigens

0. 2-1 ug/ wel | ( d ELI SA pl for i gh 4 T, 5%
| KPP bi ocki WGIoeBE A0tge ULFRGY DA AFPES OPLe PRI Ad O b e frehls” L sa
| at e, di bat ed -2.h t .at . Th .

hached out of Prgto rotsSkrbadied bl o4o8 ARG bl ey o Plioal S ©
Th trol. t ai 5% ml k in. ' | : I f
funct i onal it Sygap- il dhe 8 ideritey ol b len RO Tih PEABBRI! Y ©

seavences, N0 MGAGRBS AN WEPEUPISRLICHRIBN o RHIL Y aifiodynct | ona

cckFv 217 D's y a genetic package 1s a powerful tool to

enrich and H’b%ﬁ}r%&%enjﬁg,e&é Ebrtr@BiEd Dy 8F 8812 intha et of cRaNal¥ze whet her
ccFv can be utflized Tn a phage display system we have constructed a

phagem d veaeihwdil seuiialeOTi AN ¢oimsisteeoa VH andMIVantgiondach nas sybeRivied in
vector. TGL cells carrying the phagem d vectors were superinfected by KO7

hel per phage cotféspondihg pbsitods@ veelok pABMB6 gt deseribed 2oveE/ ArpfliKaViHayas30 C
overni ght. The phagem d particles were precipitated by PEG NaC from

cul ture supinkedtatht N-teningmeis of (R I, esd ¥pewarelinkied tBE. N-roinus oKkl  di spl ayed
on phage was detected by antigen binding activity via phage ELI SA assay.
Briefly, thespaetiveipn6RRenurhifused te pHI svorder wdisplayphe e Yar%fbpéy fr3gent )R/ PBS
bl ocki ng, the phage solution was added to ELI SA plates. The é)lha % bound to
anti gen washeiairéee ofitheyhagnpuisleiSee TxampleiRb % af dh dnauderip s Rﬂtg’ A8 body.

h b S .2 Azino- bis(3-ethylb .hi Lne=6/-sul f onj id
I,?i Eieéff et aity biders Brovpis L PhagEary PRt ORAOF Y41 St pBieREs

t tect .t. t ei . di L h ' T - HA
ANt body e AV Sty piele B84GHS SR o Ruln B fIBIe dions, 2B BBk,
to anti-HA v@gstp'rle)}g)aggd ﬁ]?(?’l}g%dsta%ﬁaﬁl'gyﬁfheﬁg ak SeQ’E%Eﬁtiggb?\FA Sﬂg@Yraﬁlﬁﬁg restriction

sites at both ends so that it could be subcloned into its position of AM2 after PCR

amplification and restriction digestion. Figure 22 illustrated the design of the
degenerative DNA oligo, its amplification primers and directions. The diversity of the
library was designed to be approximately 1x10° species in total. After ligation, the
library was electroporated into TG1 competent cells. The transformants were then
harvested and rescued by KO7 helper phage before phage particles of the library were
collected as described in above example. To “pan” the library, recombinant antigen was
immobilized onto Nunc Maxisorb 96-well plate in 0.05 M NaHCO; pH9.6 buffer at 4°C
overnight. An aliquot of the library phage containing 10" phage particles diluted in PBS
buffer with 2% milk was added to the well that was coated with the antigen. After
incubating at 37°C for 2 hours, the well was washed and phage was eluted as described
in example 3 and 7. The eluted phages were used to infect TG1 cells, then rescued by
KO7 helper phage. After growing overnight at 30°C, the phages were amplified in TG1
cells and ready to be harvested for the next round of panning. Prior studies have shown
that the rate of dissociation, kg, contributes most significantly for the affinity of this

particular antibody, whereas K,y is relatively constant. Thus, in order to select phages
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conjugated anti-ML3 anti body. 218 The single-chain anti body phage was al so

prepared for conparing the ccFv and scFv phage-display. As shown in Figure

11A- B, thwolndiong capability of ccFv phages is conparablPeTiusor/besB2 of t he

conventional scFv phages. For certain ccFv expressing phages, their

bi ndi ng capability is al nost one order of nagnitude higher than phages
tional. .scFv (Figure.1l1 B). Thus,.ccFv

[ . . ' f ' | Ab
oven when By BadEE AR, o/ ruRPEIINE B B bR Wi Bl
Ant i - Bi ndi its: le 4. E i f t | 219 Th
Ave- Sary vas SObEs s iR e BT BUET ot P R AR e
H ndl I 1/ Noty . siit 8s. ' ' ' i t tlined
above. A 36 et PR R e R o S R s coni 1 1 o
by SBSy PAGE 68 WRDHDIPOGBLEPYbhisia ,éﬁ(ﬁ@%uﬁl'@bﬂe%iv%re aRdoMBppicR&i@d for its

/
anti gen-bi nding specificity usi r?g EL ~The AM2 antigens viere first
coat ed ont o dshieddhabai B8 ERIS A uSiAh @RI ¥ahiRtjroRinCintider irHa08 phnnik}. f EETS20t

anounts of "AM2-scFv fragnments were incubated with the antigen. Bound

AVR- SVFV a8 peEBinSed Bl 9Btvell ndidroiYer phite followilttheagocetineb dekeribddin
experinment reveal ed a dose- dependent binding of AM2-scFv to its the AM
anti gen (Fiegathple®)abokaipkkovin inFigplea3, all clonewsehdcteia thest Fanddi" hade 220
The AM2-scFv fragnment was first subcloning into phagend vector pABMD 1 at
t he Hi ndl | Ipbitively seacesl willGheastipen. O¥ote yhat gegative cphtaolerdrd setat positiousi10,
infected by the helper phage KO7. The phages were purified fromthe

super nat antld, 12 p&ige 5EII¢®51 JEbly 138 theub stoyudrall of idel weredglavp 0 a1l 4os-

AM2-scFv di spl ayed on the phage particles.. Be e e_goat .plll gene is
{ agg@aSvi ¢ HA TG Clanse Ut SHGTPIGHRIIE FRACHEY BUELS OB 7 DApHBG MeBoPes.

ELI SA [ A [ d Lz HA \.bpd] fi . h
CLI S ascay. uahng A2, PO 800, a00 a0t K APk Gy SO e gt (e
antigens (21'4:1;1 orng?ng?l%{ & %gﬁ%égbééﬁevﬂyvﬁse lina?‘g%\?as %e%plhgr}ﬁﬁ@g %E)ﬁkriat ed

anti bodi es

expression of a clone that represented the consensus sequence and the wild type (the
original AM2) was performed and the proteins were subsequently used in determination
of their Ko in binding with immobilized protein antigen using BiaCore (surface plasmon
resonance). As shown in Figure 25, the AM2 variant selected from the library has

significantly slower K.
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Expression of the Subject Antigen-Binding Units in Eukaryotic Cells:
Exanpl e 6: Expression of ccFv in yeast 221 The yeast vector pAMEX7 carrying
bot h VL awo osimeguences that are linked to the subject rerarsod24s8zi zati on
sequences is constructed. Conpetent yeast cells, e.g. AHL09 cell, are
prepared and transfornmed wi th pAMEX7 vectors according to any nethod known
inthe art. The transfornmed yeast cells are cultured under conditions
suitable for protein expression. Such conditions are well known to artisans
inthe field and hence are not detaigﬁgﬂngrein. The expressed ccFv Abus
are harvested using conventional nethods kKnown in the art and/or
procedur es descki .. The antigen binding capability of the harvest
ccFv are detern?ﬂggﬂﬁggkﬁp§% according to the protocols described above.
69 WO 03/ 012069 PCT/ US02/ 24582 Enrichpent and |dentification of ccFv Phage
Exhi bi ti ng Desi i ed)Bppginglp-chsitanticen-Ondipg WheAMBISIHE, | chnent of AMR- ccFv

phages froma nmpdel library 222 To deponstrat.e t ccFvs di spl.ayed phages
with desired bi (i Agigidl) Ph%lrltg?{@&ﬁtlg%eo@eﬁl%% @Eﬁ%ﬁéfiwbmfagﬁ enri ched

f back d phages, . f i f. A\NP- ph f

el 1 brary  ThaRER SR A A e et Cory phagas
ith | at ed -ccF i spl. . i ; :107.
\{_MV\D rgmlgsao? p% éavéf(ﬁb %gélﬁ@?}gg%eioﬁ %@%’5 %}}l@%yﬁ&? ]‘%‘%@fv ea?ir%b%nti gen
that was coated Oﬂaggﬂf};ﬁse%{%@ﬂ%%%%aﬁd' helr8difeiatfonCRhfidn@el out . After

bl ocking with 5% m n brary phages in 2% m | k/ PBS were

added to the we | Neybated heH ciaill Pulypeptides ambiifie palrise. Phage
sol uti on was thyr?eﬁlgggrg(eég, and the \(/:vel I ? \AYZ’?% washed 5 tipﬁies wi th PBST

(0. 05% Tween- 20 ,ffhiRRF)th@fifst and sd¥BAd WettfodRB&izaBon seluephagarl whereinel ut ed
with 100 mMtriethyl’am ne, and were added to TA culture for infection.
The phages pr epat Réstfone®f tHefReiredimbationl dequeneeeisiesetiflby innapabler afund of
panni ng and ELI SA agai nst inmmobilized protein antigen of AM2-ccFv. After
each forming a homodimer under physiological buffer conditions and/or at

physiological body temperatures.

2. The non-single-chain antigen-binding unit of claim 1, wherein both of the
first and second heterodimerization sequences are essentially incapable of
forming homodimers under physiological buffer conditions and at

physiological body temperatures.

3. A non-single-chain antigen-binding unit comprising:

(a) alight (L) chain polypeptide comprising a light (L) chain variable

region fused in-frame to a first heterodimerization sequence;

(b) a heavy (H) chain polypeptide comprising a heavy (H) chain variable

region fused in-frame to a second heterodimerization sequence;

wherein the L chain and the H chain polypeptides dimerize via pairwise

affinity of the first and second heterodimerization sequences, said first
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round panning, the ratio of AWMR2-ccFv phage to background phage AML-ccFv
phage was also determ ned by PCR anal ysis of randomy picked clones via a
pai r of pwDmaws20that were specifically designed for AM2- ®CERWUSont458% a band
of -1 kb PCR product could be visualized on 1% agarose gel), but not
AML-ccFv (no PCR product). As shown in Figure 20, ELISA agai nst

i mmobi lized protein antigen.of AM2-ccEv was perforned. : om second
round panni ng yi el det ﬁﬁg‘w%me{ﬁﬁ‘é m{%&ﬁgonrsggmonﬁasscoe{%p rgs(l)nrﬁ)lgér%%g&?%ér{ct hat of

the first round, suggesting tha - sel ected
and enriched duri n%gﬁe h?ﬁ%%?enﬁ%ﬁﬁﬁrgﬁylgﬁéﬁ%g&ﬁﬁgeﬁ?%ﬁ?l sﬁomg%miﬂs?% agar ose
gel image from PCR products of randomy picked clones. The results

i ndi cated that the occurrence rate of AM2-ccFv phage was 4.4% fromthe 1:
107 library after first round of panning, whereas after second round of
panni ng, the oCLUAERER-sIRRCAREh AR -URxanP st 8f clhinDl af 3, Wherethefirst

usi ngphage library displaying functional ccFv 70 WO 03/ 012069

PCT/ US02/ 24582 223n$6é088 hb@ralinbagsiohisequenyes\ibinh azoiled-gel dineber of Abus,
all of which are capable of binding to a desired antigen but each Abu
differs in certain regions of the critical binding domain, allows one to
identify and further design antibody with even higher affinity. To
denonstrate that ccFv can be used efficiently as a vehicle for antibody
library screenihig Themoneingle-cltie antigenitinding uiit ofglpim 4 or Rewheseindhe brandc iy
The framework structure of AWM congsisted of a VH and a VL rfe]%i@gn each was
subcloned in to dbs Hebpomelmgpiidesdimsrize ¥in ngreowalen paiprseadl e theed
above. Briefly, VHwas ljnked to the Ntermi nus of GRl, and VL was |inked
to the N-term nus typ hefRpodimeRZaoRSERANGSS- GR2 in turn fused to plll in order
to display the ccFv antibody fragnent to the surface of the phage particle
(See Exanples 1, 3, and 7). In order to select phages high affinity

bi nders through ccFv phage |ibrary panning, CDR3 of VH was constructed as
a library which_.contains. ' (RreTaf ' | hi P] Biai
positions. The p gﬂﬁgpf n‘%ﬁa%‘%?@ﬁ%?@#ﬂ‘ﬁ?@ﬂ%&“‘fé? gh%g{r%g’ g’%ﬁlﬁg&g %fa o

degenerative DNA ql : ' kG | {sTRnREd B 1e6Hah Gidblat it
coul d be subcl One?qﬁ;ﬁ)&gﬂ?f@ﬂ%ﬁ%ﬁlﬁ%ﬁ%ﬁ?“&%glfsfi’% er PCR bot @

region and the first heterodimerization sequence.

7. The non-single-chain antigen-binding unit of claim 4, wherein the H chain
polypeptide further comprises a flexon sequence that is flanked by the H

chain variable region and the second heterodimerization sequence.

8. The non-single-chain antigen-binding unit of claim 4, wherein both the first
and the second heterodimerization sequences are linked to at least one

cysteine residue.

9. The non-single-chain antigen-binding unit of claim 4, wherein the antigen-

binding unit is multivalent.
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anplification and restriction digestion. Figure 22 illustrated the design
of the degenerative DNA oligo, its anplification prinmers and directions.
The di verwptog/otfo6s he |ibrary was designed to be approxi nRC&#US02/x4685
species in total. After ligation, the library was electroporated into TGL
competent cells. The transformants were then harvested and rescued by KO7

hel per phage bef qr hage particles of,the |ibr .were, col |.ected as
described in abé@eﬁéﬂg’%ﬂ% lﬁgle'ls ain ﬁgeq—h@g}qgmtrc?gaﬂ@c% meﬁéth{hefﬂﬁg%n was

i mmobi li zed onto Ng{ng. Maxi solrnb t?sG'éAﬁl | plate in 0.05 M NaHCO3 pH9. 6 buffer
at 4C overnight. lgﬁi“{ﬂ}é? 8} PR2"Yi br ary phage containing 1012 phage
particles diluted in PBS buffer with 2% m |k was added to the well that
was coated with the antigen. After incubating at 37C for 2 hours, the well
was washed and phage was eluted as described in exanmple 3 and 7. The

el uted phages wefernsish-4ifglehetantisn-bRUINY urit ERIABSEY QheRin thEQAtIBEH-PEr
phage. After grow ng overnight at 30C, the phages were anplified in TGL

cells and ready t opifginbanitesbigpecifie. t he next round of panning. Prior
studi es have shown that the rate of dissociation, kff, contributes nost

significantly for the affinity of this particular antibody, whereas K' is
relatively constant. Thus, in order to select phages 71 WO 03/012069

PCT/ US02/ 24582 with high binding affinity,, off-rate panning, a procedure
of prol onged wadB. The sai-sivgle-chamwentigén-pindigsmitefslaimsi Oy mbgreithepatigdi-cal | y
sel ect those phages that have slower Koff. A total of 7 consecutive rounds
of panni ng were cobiddisgaaitiipirispegiic] i brary. 224 After the 5th and the 7th
panni ng, individual clones were randomy picked to prepared phages for

ELI SA using the sane protein antigen in phage panning. ELISA was perforned
using 96-well mcrotiter plate follow ng the procedures described in

??ﬁ”’r’l)ﬁnésabBZiiléﬁ%?%lﬂ?@&é@@@l&%“ﬁ!ﬂﬁ%%f@i@h{%%ﬁﬁ&?ﬁ?ﬁi‘%ﬁ%%%ﬂ%aﬁfef'f?tcgn?PSL
iti H.. . . 12 7
Found, a1 of whi cHONRPS RepmiitrsoeeBnssuts et cRBEudBhtpaity 00 "¢ 7

positive reactivity in ELSIA of the 7th panning were then randomy picked
for sequencing and residues on CDR3 of VH were mapped in Figure 24.
Consensus on the positions targeted by the library was then identified.

Protein 14. The non-single-chain antigen-binding unit of claim 4, wherein the H chain

polypeptide comprises sequences derived from a human heavy chain.

15. The non-single-chain antigen-binding unit of claim 4, wherein the antigen-

binding unit is conjugated to a chemically functional moiety.

16. The non-single-chain antigen-binding unit of claim 15, wherein the moiety is
selected from the group consisting of signal peptides, agents that enhance
immunologic reactivity, agents that facilitate coupling to a solid support,
vaccine carriers, bioresponse modifiers, toxins, detectable labels,

paramagnetic labels, and drugs.
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expression of a clone that represented the consensus sequence and the wild
type (the original AM) was perforned and the proteins were subsequently
used in dwpasiari on of their Koff in binding wth i mopCriusen2458nt ei n
antigen using BiaCore (surface plasnon resonance). As shown in Figure 25,
the AMR2 variant selected fromthe library has significantly slower Koff 72
WO 03/ 012069 CLA What is clajnmed is.. PCT/ US02/ 2458 . A

non- si ngl e- chai ﬂggﬁﬂ? %Slﬁg]ﬁifklﬁ’é‘ AHEEn-RS W :C%B(“él)‘lz’é{v]qefeé%fhe(ff_rft ai n
pol ypepti de conpri sin light (L) chain varijabl Leqi f in-frame to
a first heterodi rre?eicﬁlgq ﬁ%ﬁoggﬁﬂﬁég? SRS ﬁreeac\i%ﬁﬁl-lfr%%{h%qﬁmégﬁg Slé‘getn."‘?fe
conprising a heavy haj i abd neql i, me to a second
het er odi meri zat i onoéclé;"é'ge(:A ?g?ep\{(\?\{hle% G;A'Péqu&?ﬁJar??l?%H%V%yH chai n

pol ypeptides dinerize via pairwise affinity of the first and second

het er odi meri zati on sequences; and wherein at |east one of the

het erodi nmeri zati on sequences is essentially incapable of formng a

honodi mer under 18hygé AbGhgRLchalH dn@iget-Bididg WhitSofaldmof, viHereid thedired 0gi cal
body tenperatures. 2. The non-singl e-chain antigen-binding unit of claiml,
wher ei n both of t hietefoilidrization semend ib aheteaudiimeritatiah isequenesicrammnmisinga e
essentially incapable of form ng honodi mers under physi ol ogi cal buffer
conditions and at GABApteoeptonl pblypgptide b et rasi36 smito achd mesiduss thgt &- chai n
anti gen-binding unit conprising: (a{ a light (L) chain pol ﬁgepti de

conpri sing a | i ghtesstntiatlyadenticaktoadinsar papgide sequesceediica leagth first
het er odi neri zati on _sequence, (Ib) a heavy (H) chain pol ypeptide conprising a
heavy (H) chain vadenigiedin $RQIBNOUS arl Whemehethe sgcong he &ﬁ@eﬂzaﬁon

het er odi meri zati on sequence; .. . .
sequgnce 1s a heterodimerization sequence comprising a GABAg receptor 2

polypeptide of at least 30 amino acid residues that is essentially identical to a
linear peptide sequence of comparable length depicted in SEQ ID NO. 4,
wherein said first and second heterodimerization sequences are linked to

cysteine residues.

19. The non-single-chain antigen-binding unit of claim 4, wherein the first
heterodimerization sequence is a heterodimerization sequence comprising a
GABAGg receptor 1 polypeptide of at least 30 amino acid residues that is
essentially identical to a linear peptide sequence of comparable length
depicted in SEQ ID NO. 4; and wherein the second heterodimerization
sequence is a heterodimerization sequence comprising a GABAg receptor 2
polypeptide of at least 30 amino acid residues that is essentially identical to a
linear peptide sequence of comparable length depicted in SEQ ID NO. 2,
wherein said first and second heterodimerization sequences are linked to

cysteine residues.
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wherein the L chain and the H chain polypeptides dinerize via pairw se
affinity of the first and second heterodi nerizati on sequences, said first
73 WO 03/ W0200%R20PCT/ US02/ 24582 and second het er odi meri zat iPOM/USE22HSRT €S
conprising heterodineric receptor sequences that nediate

het er odi meri zati on of the receptors. 4. The non-singl e-chain

het erodi mer | zap P Sl a”%tésﬁn%a%“ﬁ‘uﬁ Sorfptoiy bt @) Hia SETHEE
eterodi neri zati 5

I h t bi,ndi L d
the H chai . pol ypdstioaatd 0 Gebn iable B sfnedied WEIEAE 0 07,
two heterodi meri zafjgmn ﬁ&%ﬁ&ﬁ&ﬁe?&ﬁﬂ& Seliﬂ%c@@%pﬂtt !@hﬁ IcB baKekA Bl ndi ng

unit of claim4, erern aln er conprises a

flexon that is flagkeal,byr 6&%%&%%1& £4 e ﬁh&ﬁmﬁ@aﬂﬁa ofRFrdghtd, (hefin

het er odi meri zati on sequence non- si ngl e-chai n anti gen- bi ndi ng uni t

of claim4, \Aherelﬂﬁefuk}@ré-gb Fofin aR Altdanapletelar didier MRy peiEy diffaRy of fledian
sequence that is flanked by the H chain variable region and the second

het er odi neri zat i onarRlegt@Cieter8dimehigativhseqieigt e a0t aiheredmbi lgesn ot ofthag uni t
of claim4, wherein both the first and the second heterodinerization
sequences are | i nkiederodinadrizhtiaisteqoerees isyesteniinkly inespableof Brmifige

non-si ngl e-chai n antigen-binding unit of claim4, wherein the antigen-

bi nding unit is rubdrheditnentnde? physvlogica imdies cordiiienscmy/oa 8gphysplo

non- si ngl e-chai n antigen-binding unit of claim4, wherein the antigen-

bi ndi ng unit is nubadydpappmivges.11. The non-singl e-chain anti gen- bi ndi ng
unit of claim 10, wherein the antigen- binding unit is bispecific.

21. The single-chain antigen-binding unit of claim 20, wherein both of the first
and second heterodimerization sequences are essentially incapable of forming
homodimers under physiological buffer conditions and at physiological body

temperatures.

22. A single-chain antigen-binding unit comprising a light (L) chain variable
region and a heavy (H) chain variable region connected by a first and a
second heterodimerization sequence spanning the distance between the C-
terminus of one of the region to the N-terminus of the other region, wherein
the two regions form an intra-molecular dimer via pairwise affinity of the first
and second heterodimerization sequences, said first and second
heterodimerization sequences comprising heterodimeric receptor sequences

that mediate heterodimerization of the receptors.

23. The single-chain antigen-binding unit of claim 20 or 22, wherein the first and

second heterodimerization sequences form a coiled-coil dimer.
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12. The non-singl e-chain anti gen-binding unit of claim10, wherein the
antigen- binding unit is trispecific. 13. The non-single-chain

ant i gen- bwodifgoanit of claim4, wherein the L chain pol yoegiSodess8nnpri ses
sequences derived froma human |ight chain. 14. The non-single-chain
antigen-binding unit of claim4, wherein the H chain polypeptide conprises

ant | gone bi ni ng dnThe SPEITSHE S EaiEITERTE LTI O B NAPIY: Dt pd
' ted t hem ly f ti I ety 16. Th -singl e- chai
ant ) gn- bi ndi ng unpeogs et iR s bt ey B R Ol ER N o ¢ e

group consi sting Oagﬁﬁ nal peptides, agents that enhance i nmmunol ogic
reactivity, agents that facilitate coupling to a solid support, vaccine
carriers, bioresponse nodifiers, toxins, detectable |abels, paramagnetic
| abel s, and drugs. 75 WD 03/012069 PCT/ US02/24582 17. The non-singl e-chain
antigen-binding unit of claim4, wherein the first and second

het er odi meri zat imm@%%&%ﬁi@&ﬁgéﬁbiﬂdﬁfg Uiosf Taibe23Tiwiateis dRuaticas  of
GABAB receptor 1 and GABAB receptor 2, respectively. 18. The

non- si ngl e- chai n abirdgeunit 8 domjggated to éhepdiedlin finctidral woiety.he fir st

het erodi nmeri zati on sequence is a heterodinerizati on sequence conprising a
GABAB receptor 1 polypeptide of at | east 30 amno acid residues that is
essentially identical to a |inear peptide sequence of conparable | ength
depicted in SEQ ID NO. 2 and wherein the second heterodinerization
sequence i s a héltelbdisingle-chain antigee-indingunibeinlaisl 2%y wheriBAR Ir elaint or 2
pol ypeptide of at |east 30 ,amno acid residyes that is essentially
identical to a |iNeEgblpmsgionronysisehyrguenses %‘Wérfgﬁpéi’l%ilgh Tted in
SEQ ID NO. 4, wherein said first and second heterodi nerizati on sequences
are linked to cysteine residues. 19. The non-singl e-chain anti gen-bi ndi ng
unit of claim4, wherein the first

27. The single-chain antigen-binding unit of claim 23, wherein the H chain

variable region comprises sequences derived from a human heavy chain.

28. The single-chain antigen-binding unit of claim 23, wherein the first and
second heterodimerization sequences are derived from C-terminal sequences

of GABAg receptor 1 and GABAg receptor 2, respectively.

29. The single-chain antigen-binding unit of claim 23, wherein the first
heterodimerization sequence is a heterodimerization sequence comprising a
GABAGg receptor 1 polypeptide of at least 30 amino acid residues that is
essentially identical to a linear peptide sequence of comparable length
depicted in SEQ ID NO. 2; and wherein the second heterodimerization
sequence is a heterodimerization sequence comprising a GABAg receptor 2
polypeptide of at least 30 amino acid residues that is essentially identical to a

linear peptide sequence of comparable length depicted in SEQ ID NO. 4,
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het er odi meri zati on sequence is a heterodinerizati on sequence conprising a
GABAB receptor 1 pol ypeptide of at |least 30 amno acid residues that is
essenti alwp Bdews? cal to a |inear peptide sequence of conparaishr2458ngt h
depicted in SEQ ID NO 4; and wherein the second heterodinerization
sequence is a heterodinerization sequence conprising a GABAB receptor 2
pol ypeptide of at |east 30, am no, acid resiques.that is essent.iall
identical to a |iVWBsiemyast 1@5%%@%&%3%%{}%?@%%%lg%ﬂ\éq ed in
SEQ ID NO. 2, wherein said first and second heterodi nerizati on sequences
are linked to cysVEiHRe FE¢Pees. 76 WO 03/012069 PCT/ US02/ 24582 20. A

si ngl e-chai n anti gen-binding unit conprising a light (L) chain variable
region and a heavy (H) chain variable region connected by a first and a
second heterodi neri zati on sequence spanning the distance between the C

termnus of one pf Tﬁ@ﬁn%l%g‘jhﬁiﬂ a&ﬁg;&ﬂlsinh%ﬂg%lﬁﬁ@ SHhiff 23 MeRlil@e @0l ON,

wherein the two regionsS forman-intra-nol ecular diner via pairw se

affinity of the fig&trodandi-aa608ubtleds aReidRidihatizAidnSLQUADE eshpriditk wher ei n
at least one of the heterodinerization sequences is essentially incapable

of formng a honpGABAg teaelror PPyIShEitidgiofat lehstB3Daminoadd résidies dradisor  at
physi ol ogi cal body tenperatures. 21. The singl e-chain antigen-binding unit
of claim 20, wher eésseiniilly iddntichletofai liretr peptide sepenct dfatosrpadibielengtht i on
sequences are essentially incapable of form ng honodimers under

physi ol ogi cal buf f depicted i $EQAD M@ d4;aandprheséinithrgecend nderpdimesizpiéomt ur es.

22. A single-chain antigen-binding unit conprising a _light (L) chain

vari abl e region asriuandeda ¢ ciergdimprzation sequeEBreCoBRiiBRe @&M&éﬂ BEeWYr & first
and a second heterodi nerjzation sequence ,spanpi ng the distance hetween the
C termnus of oneP@ipenikieodat ]81'%5"@5 aftpgo P\Flaé?sﬂﬁﬂ%‘?ﬁ ah{s SSpRAG HéireenP DR,

wherein linear peptide sequence of comparable length depicted in SEQ ID NO. 2,
wherein said first and second heterodimerization sequences are linked to

cysteine residues.

31. A recombinant polynucleotide comprising a coding sequence that encodes L

chain polypeptide of claim 1.

32. A recombinant polynucleotide comprising a coding sequence that encodes the

H chain polypeptide of claim 1.

33. A recombinant polynucleotide comprising a first coding sequence that
encodes the L chain polypeptide of claim 1, and a second coding sequence

that encodes the H chain of polypeptide of claim 1.

34. A recombinant polynucleotide comprising a coding sequence that encodes the

L chain polypeptide of claim 3.
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the two regions forman intra-nolecular dinmer via pairwise affinity of the
first and second heterodinerization sequences, said first and second

het er odi r&@Dioaa1ioen sequences conpri sing heterodi neric receprarsoysg8ences

t hat nedi ate heterodinerization of the receptors. 23. The single-chain
antigen-binding unit of claim20 or 22, wherein the first and second

het erodi nmeri zati on sequences forma coiled-coil dinmer. 77 WD 03/012069
PCT/ US02/ 24582 24. The singl e-chain antigen-binding unit of claim?20 or 22,
wherein the first and second heterodinerizati on sequences dinerize via
non- coval ent paiBfwAseconafifidn ipdblynudeotidEvengirisiiges eldaigsequtnicg that bicodentheuni t
of claim 23, wherein.the antigen- binding unit is conjugated to a
chemical | y functi odahaimgpobtpgptideof chdim i ngl e- chai n anti gen-bi ndi ng unit of
claim 23, wherein the L chain variable region conprises sequences derived
froma human |[ight chain. 27. The single-chain antigen-binding unit of
claim 23, wherein the H chain variable region conprises sequences derived

froma human heavy,chain.. 28. The singl e-chain aptjgen-bi nding unit of
clai m 23, wher ePh: fAgeopphingnt pplynuelectids FORRISIG A fﬁ’é??"ﬂé‘%ﬁ S ces are

derived f Ct 1 nal f.. . t 1 d .GABAB t
2 respect i vel y. 28 0RE L AGRE RORERRIG 01 R, Ty R IR O SR o5,

wherein the first _heterodi i j het er odi meri zati on
sequence conpri si n"é"“ﬁeﬂ%ﬂﬁ%&?ﬁe@%ﬁ%}°ﬁ%§ﬁ@%§p¢1%8§3'of at | east 30 am no

acid residues that is essentially identical to a |linear peptide sequence
of conparable length depicted in SEQ ID NO. 2; and wherein the second
het er odi meri zati on sequence is a heterodinerization sequence conprising a

GABAB receptor 37, m&oﬂ@@@hm?p%ua&oﬁmnp%@i@a imCdeduéiRs kit efcddB@thel S
essentially identical to a i near peptide sequence of conparable | ength

depicted in SEQ | DsiiNde-chain 48tigen-binding unit of claim 20.

38. A recombinant polynucleotide comprising a coding sequence that encodes the

single-chain antigen-binding unit of claim 22.

39. A vector comprising the recombinant polynucleotide of any one of claims 31-

38.
40. The vector of claim 39, wherein the vector is an expression vector.
41. The vector of claim 39, wherein the vector is a phage display vector.

42. A selectable library of expression vectors encoding a repertoire of antigen

binding units, comprising more than one vector of claim 39.
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WO 03/ 012069 PCT/ US02/ 24582 wherein said first and second

het erodi neri zati on sequences are |inked to cysteine residues. 30. The

si ngl e- chapr3anosgen- bi ndi ng unit of claim 23, wherein th@CTiuser/24582

het er odi meri zati on sequence is a heterodinerizati on sequence conprising a
GABAB receptor 1 polypeptide of at |l east 30 amno acid residues that is
essentially identical to | i.near pti sequence of conparabl.e.l ength
opt ot ed 1 SEQ A% Theselactabl bGP BRI AS LECHR g ek Sf RASATHIE
sequence is a heterodi nmerizati on sequence conprising a GABAB receptor 2
pol ypeptide of at MEH¥t 30 anino acid residues that is essentially
identical to a |inear peptide sequence of conparable | ength depicted in
SEQ ID NO. 2, wherein said first and second heterodi neri zati on sequences
are linked to cysteine residues. 31. A reconbi nant pol ynucl eoti de
conprising a codj ; i A ialem 1.
32. A reconbinag%ﬂg%@%ﬂE§P§§$?§§h€%ﬁ%§%§?w§mgEggggﬁgﬁgggEgﬁggﬁFﬁgfﬁgﬁ%odes
the H chain pol ypgpizgde of claim1l. 33. A reconbi nant pol ynucl eotide
conprising a first coding sequence that encodes the L chain pol ypeptide of
claim1, and a second codi ng sequence that encodes the H chain of

pol ypeptide of claim1l. 34. A reconbinant pol ynucl eotide conprising a
codi ng sequence that encodes the L chain polypeptide of claim3. 79 WO
03/ 012069 PCT/ USER/Th4h8& c8B of Alaire ddmvheraint the cdcgmbiastpolganciestide ien¢ading
codi ng sequence that encodes the H chain polypeptide of claim3. 36. A
reconbi nant pol ynuthelotchale polypeptidsiang the palyruclentide aacoslingibpdbchaint  encodes

the L chain polypeptide of claim3, and a second codi ng sequence
polypeptide, are present in a single vector.

46. The host cell of claim 44, wherein the recombinant polynucleotide encoding
the L chain polypeptide and the polynucleotide encoding the H chain

polypeptide, are present in separate vectors.
47. The host cell of claim 44, wherein the host cell is a eukaryotic cell.
48. The host cell of claim 44, wherein the host cell is a prokaryotic cell.

49. A method of producing a non-single-chain antigen-binding unit,
comprising:
(a) expressing in a host cell a first recombinant polynucleotide encoding a
light (L)) chain polypeptide comprising a light (L) chain variable
region fused in-frame to a first heterodimerization sequence, and a
second recombinant polynucleotide encoding a heavy (H) chain
polypeptide comprising a heavy (H) chain variable region fused in-

frame to a second heterodimerization sequence; wherein the L chain
81



that encodes the H chain of polypeptide of claim3. 37. A reconbi nant

pol ynucl eoti de conprising a coding sequence that encodes the single-chain
anti gen- bwodBfogeoeni t of claim 20. 38. A reconbi nant pol ynwcirawso?/eiess?
conprising a coding sequence that encodes the single-chain antigen-binding
unit of claim?22. 39. A vector conprising the reconbi nant pol ynucl eoti de of
any one of clainms 31 38. The vector. of .claim 39, .wherei.n.th tor is

0. . i
an expressi on vector. ﬁliqé’?%c%ﬂ) gRtides dimer ,v1m¥vg§%ae¢1ﬂét§f\9§g¥e Sis a

h di spl tor. 42. . A le |i '
encoding & reper toi e ortdmepgh RebRRsipaHh b Siesh TR AR YRR of

vector of claim39. 80 Wgh%@ér{;)‘#g&g%%@gsleyg}éé%ﬁ%g%ng§11y iﬂé}%ﬁfé &Cﬁ)ﬁmnga A

i brary of claim 39, wherein I sp vector. 44.

host cell conprising th i i of clains
31 36, 45, The host cel 5P araatt pHIKINGI BR shdRbnnak a8

pol ynucl eoti de encodi ngshidi§lokicalRIdY t@abrRBRIs! 881 Gittbnk pol ynucl eot i de
encodi ng the H chain pglgglpep%i de, grée}ﬁ%resent in@p(:lt silrl:gl e vector. 46. The

host cell of claim44, wh in the. . | | _ _
L°Shat . potypept e 4he REABIN Ak SORH S B FeAY LRbbco0 ro e

pol ypeptide, are present in separate vectors. 47. The host cell of claim

44, wherein the host cell is a eukaryotic cell. 48. The host cell of claim
44, wherein the host cell is a prokaryotic cell. 49. A nmethod of producing
a non- singl e- chai AbaR0T Biaf 490w Hef btk GG idRAd séabhaexpressing in a
host cell a first reconbl nant polynucleotide encoding a light (L) chain

pol ypepti de conpid&biithedizhtit¥eqhibnces B dsendihll R {Hcpable of forming homodimers

under physiological buffer conditions and at physiological body temperatures.

51. A method of producing a non-single-chain antigen-binding unit, comprising:

(a) expressing in a host cell a first recombinant polynucleotide encoding a light
(L) chain polypeptide comprising a light (L)) chain variable region fused to a
first heterodimerization sequence, and a second recombinant polynucleotide
encoding a heavy (H) chain polypeptide comprising a heavy (H) chain
variable region fused to a second heterodimerization sequence; wherein the L
chain and the H chain polypeptides dimerize via pairwise affinity of the first
and second heterodimerization sequences, said first and second
heterodimerization sequences comprising heterodimeric receptor sequences

that mediate heterodimerization of the receptors; and optionally

(b) isolating the antigen-binding unit expressed in the host cell.

52. The method of claim 49 or 51, wherein the non-single-chain antigen-binding

expressed in step (a) is displayed on surface of the host cell.
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region fused in-frame to a first heterodinerizati on sequence, and a second
reconbi nant pol ynucl eoti de encodi ng a heavy (H) chain pol ypeptide

conpri si ngoashemwsy (H) chain variable region fused in- fra@sozassecond
het er odi meri zati on sequence; wherein the L chain 81 WO 03/012069

PCT/ US02/ 24582 and the H chain pol ypeptides dinerize via pairw se affinity

ELJ of fiLZ;het Sg%mﬁmfpﬁ”’d'%%éﬁh%%@ B apdls F%e?a‘ﬁ%q%ems? g °
physi of ogi cal body EHBEAAR SPEae s bR BapREsCBRI, ot ng the

antigen-binding unit expressed in the host cell. 50. A nmethod of claim49,
wherein both of the first and second heterodinerization sequences are
essentially incapable of form ng honodi ners under physiol ogical buffer
conditions and aby, phuéhﬁhﬁalo@@ianhqmbrts@rmﬁéreﬁl%@ﬁest%éu ish SRkbRQC @I
producing a non-singl e-chain antigen- bi hding unit, conprising: (a)
expressing in a host cell a first reconbi nant polynucleotlde encodi ng a
light (L) chain polypeptide conprising a light (L) chain variable region
fused to a first heterodinerization sequence, and a second reconbi nant

pol ynucl eoti de &hckirimeghad bbawiyn ¢9Hr Thavhergin khedest cadlas agpmuargitiege. heavy
(H) chain variable region fused to a second heterodi nerizati on sequence;
wherein the L chain and the H chain pol ypeptides dinmerize via pairw se
affinity of the first and second heterodi nerizati on sequences, said first
and second heterodi nerization sequences conpri sing heterodineric receptor
sequences t hat ﬁ@dfb?éwﬂéﬂé$GHWﬁépﬂiéﬂ1WhﬂBF”bﬁgﬁﬁé@éﬁ¥@P§ and optionally
(b) isolating the %fn bi ndi n un|t resseg ﬁ t he host cell. 52. The
et hod of ¢l ai m 49 TEeramepaion aRdEeT R Soaled- el i Tant | gen- bi ndi ng

expressed in step (a) is displayed on surface of the host cell.

57. The method of claim 49 or 51, wherein the L chain and the H chain

polypeptides dimerize via non-covalent pairwise affinity.

58. The method of claim 56, wherein the L chain polypeptide further comprises a
flexon that is flanked by the L chain variable region and the first

heterodimerization sequence.

59. The method of claim 56, wherein the H chain polypeptide further comprises a
flexon sequence that is flanked by the H chain variable region and the second

heterodimerization sequence.

60. The method of claim 56, wherein both the first and the second

heterodimerization sequences are linked to at least one cysteine residue.
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82 WD 03/ 012069 PCT/ US02/ 24582 53. The nethod of claim49 or 51, wherein
the non-single-chain antigen-binding expressed in step (a) is displayed on
a phage papotBolm®ss 54. The nmet hod of claim49 or 51, whereiPaTiUse2/b381 cel |
is a eukaryotic cell. 55. The nmethod of claim49 or 51, wherein the host
cell is a prokaryotic cell. 56. The nethod of claim49 or 51, wherein the

R N St e e R

pol ypepti des dineriﬁﬁw%kg%non-covalent pairwi se affinity. 58. The nethod of
cl ai m 56, wher ei n 'The chai n pol ypeptide further conprises a flexon that
is flanked by the L chain variable region and the first heterodinerization
sequence. 59. The nethod of claim56, wherein the H chain pol ypeptide
further conprises a flexon sequence that is flanked by the H chain

vari abl e regi onganphd Meths8 6LOdim B6 whdeinths haratingle-cheipumitigen-biding it iset hod
of claimb56, wherein both the first and the second heterodinerization
sequences are | i nkgdltispecific.| east one cysteine residue. 83 WO 03/012069
PCT/ US02/ 24582 61. The nethod of claimb56, wherein the non-single-chain
antigen-binding unit is nmultivalent. 62.- The nethod of claimb56, wherein
the non-single-chain antigen-binding unit is multispecific. 63. The nethod
of claim62, wherein the non-single-chajn antigen-binding, unibt s ..
bi speci fic. 64. 65hEhemmethod oﬁﬁlaungznwbggmh@n@m-ﬁmghech% SRR EIEEt 1
antigen-binding unit is_trispecific.

bispecific.

64. The method of claim 62, wherein the non-single-chain antigen-binding unit is

trispecific.

65. The method of claim 56, wherein the L chain polypeptide comprises

sequences derived from a human light chain.

66. The method of claim 56, wherein the H chain polypeptide comprises

sequences derived from a human heavy chain.

67. A method of producing a non-single-chain antigen-binding unit, comprising:

(a) preparing a first recombinant polynucleotide encoding a light (L) chain
polypeptide comprising a light (L) chain variable region fused in-frame to a
first heterodimerization sequence, and a second recombinant polynucleotide
encoding a heavy (H) chain polypeptide comprising a heavy (H) chain
variable region fused in-frame to a second heterodimerization sequence;

wherein the L chain and the H chain polypeptides dimerize via pairwise
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65. The nethod of claimb56, wherein the L chain polypeptide conprises
sequences derived froma human |ight chain. 66. The nmethod of claim56,
wher ei n twe oBlocdead n pol ypepti de conprises sequences deri Pea/dSopzss2 human
heavy chain. 67. A nethod of producing a non-single-chain antigen-binding
unit, conprising: (a) preparing a first reconbi nant pol ynucl eoti de encodi ng

AIELKEIE SN e SRR W SR
reconbi nant pol ynye%l(s‘ie-é)f}elc ieﬂﬁe@&%ﬂfnﬁ%ﬁti&?@eﬁﬁeﬂﬁ issg%@érﬁiaﬁi? incRsaYIE 6

conprising a heav vari e region In-frame to a second

het er odi meri zati o odi ' 81dei G Bifferadddidans thdiaitn
pol ypepti des di m??@gé?ggﬁlgﬁﬁ%@;’“éﬁ%@% 051615069 PCT/ US02/ 24582 affinity

of the first and ?ﬁﬁﬁ% f&glt@{dg,qgﬁgéﬂaﬁﬁgsggmsequences; and wherein at | east
one of the heterodi r|§ation sequences is essentially incapable of

formng a hO”Ddde%ﬂow{l%Qhe phyt 8h@bghd pblypeiitides tecdintdrize viaspaamdsecatiinity of
physi ol ogi cal body tenperatures; and ?b) allowing the first and second

pol ypept i des to dithefiis end/écdombhdtevodienaizhiion sequedcest he first and second

het er odi meri zati on sequences. 68. The nethod of claim67, wherein step (b)
conprises dinerizing the first and the second polypeptides in vitro. 69. A
met hod of producing a single-chain antigen-binding unit, c¢cqonprising: (a)
expressing in a6%0¥he method f plaim i cwhereingerc & pemBriseg dmetans thedy ce
that encodes the single-chain antigen-binding unit of claim?20 or 22; and
optionally (b) isdhaﬁmngdpﬁ@P@ﬁK@Félﬁﬂﬁin antigen-bi nding unit expressed in
the host cell. 70. The nmethod of claim®69, wherein the polynucleotide is
contained in a phage display vector.

69. A method of producing a single-chain antigen-binding unit, comprising:
(a) expressing in a host cell a polynucleotide comprising a coding sequence that

encodes the single-chain antigen-binding unit of claim 20 or 22; and

optionally

(b) isolating the single-chain antigen-binding unit expressed in the host cell.

70. The method of claim 69, wherein the polynucleotide is contained in a phage

display vector.

71. A method of displaying a chimeric heteromultimer comprising at least two

polypeptides on a surface of a host cell, the method comprising:
expressing in the host cell

(a) a first recombinant polynucleotide encoding a first polypeptide fused in-
frame to a first heterodimerization sequence and a surface presenting

sequence;

(b) a second recombinant polynucleotide encoding a second polypeptide

fused in-frame to a second heterodimerization sequence;
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71. A nethod of displaying a chineric heteronultimer conprising at |east
two pol ypeptides on a surface of a host cell, the nethod conprising:

expr essi ngoioa/o1ee9 host cell (a) a first reconbi nant pol ynecirasoz/zkssencodi ng
a first polypeptide fused in- frame to a first heterodi nerization sequence
and a surface presenting sequence; (b) a second reconbi nant pol ynucl eoti de

et or o0 mer 1 7at 1 on' S SHRELES st i ieop o bABR A ArBTAONE sy e i o,

first and second pol j ' ' vl DAl Foltuedi sttopge ofi r st
and second heterodinégﬁ@%iggﬁwgégﬁgﬁﬁgggﬂ g@%{%ﬁgﬁxféagﬁﬁ%%gP%? t he

het er odi mer i zation s Li?e‘?&@éipie%iza hﬁéﬂckﬁs@@%ﬂ mcapabledMoRging a

honodi mer under physi ol ogi ca uffer conditions and/ or ‘at physi ol ogi cal
body tenperatures. 73,mbhndFeind&bIREiofdgidalbitter dhditidhNakbibtnt phydiblegical st

and second heterodinerization sequences are essentially incapable of
formng honodi ners %agy:{engfm&ﬁ&h_ogi cal buffer conditions and at

physi ol ogi cal body tenperatures. 73. The nethod of claim 71, wherein the
first and second heterodi nmerization sequences forma coiled-coil diner.

74. The nethod of claim 71, wherein the first and second pol ynucl eoti des
are expressed by a single phage display vector. 75. The nethod of claim
71, wherein t he 72i Tls¢ mathwdof clasrd 7powherat ogh piiks fastend sggodssed by separate
phage display vectors. 76. The nethod of claim7], mqgre' t he host cell is
a prokaryotic cel | heterpdimerizatipnseqyencss akq eEFeRUALY ERES ?Hf{gﬁﬁl%st cell is a

eukaryotic cell. 78. The method of . ¢l aim7 wherein the, chineri.c
het er )(;rml tinmer is bomegimers under physio(iogaiceﬁ1 bu%fer con%ltlons and at f)rhysm ogical body

temperatures.

73. The method of claim 71, wherein the first and second heterodimerization

sequences form a coiled-coil dimer.

74. The method of claim 71, wherein the first and second polynucleotides are

expressed by a single phage display vector.

75. The method of claim 71, wherein the first and second polynucleotides are

expressed by separate phage display vectors.

76. The method of claim 71, wherein the host cell is a prokaryotic cell.

77. The method of claim 71, wherein the host cell is a eukaryotic cell.

78. The method of claim 71, wherein the chimeric heteromultimer is a non-

single-chain antigen-binding unit.
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si ngl e-chain antigen-binding unit. 86 WO 03/012069 PCT/ US02/ 24582 79. A
chinmeric heteronultinmer displayed on the surface of the host cell according
to the newbadogfosel ai m 71. 80. A nethod of identifying a memrzsongise2 chain
antigen-binding unit that is imunoreactive with a desired antigen,
conprising: (a) preparing a genetically diverse repertoire of
antigen-binding units, wherein the repertoire conprises nore than one
antigen-binding unit of claiml or 3; (b) contacting the repertoire of
antigen binding units with the desired antigen; (c) detecting a specific
bi ndi ng bet ween ZMtA gdmetit helierognultimes diapldyd¢den thatsingase, of thdkosébgll aaterding yi ng
the antigen-binding unit that is i munoreactive with the desired antigen.
81. The net hod of ¢é tierm@Dbod efhelaisi Bl.t he repertoire of antigen-binding units
are prepared by expressing a library of vectors encoding a plurality of
the antigen-binding units. 82. The nethod of claim80, wherein the library
of vectors conprises a plurality of phage vectors. 83. A nethod of

identifying a single-chai,n_anti.gen-binding unit that is ..i nmunporeactive
with a desired atit-ifymst Oé&%%“%‘%ﬂ@g.a %‘Sﬁg?p%l %@’tlﬁe@%ﬁ@?@éﬁl{]@laﬁsver se
repertoire of singl.e-chain anti en-bLn%in units.. wherein the repertoire
conprises at | east ‘BHMGRAFGE VIR AP @Hﬁgerbfomglgfl%ﬁ 20 or 22; (b)
contacting the repertoire of antigen-binding units with the desired
antigen; 87 WO O@) pigd6iag REEAiBaly dusaR reprioireiofigntigenhinding unitd, mdierain
bet ween anti gen-bi nding units and the antigen, . .

the repertoire comprises more than one antigen-binding unit of claim 1 or 3;

(b) contacting the repertoire of antigen binding units with the desired antigen;
(c) detecting a specific binding between antigen binding units and the antigen,
thereby identifying the antigen-binding unit that is immunoreactive with the

desired antigen.

81. The method of claim 80, wherein the repertoire of antigen-binding units are
prepared by expressing a library of vectors encoding a plurality of the

antigen-binding units.

82. The method of claim 80, wherein the library of vectors comprises a plurality

of phage vectors.

83. A method of identifying a single-chain antigen-binding unit that is
immunoreactive with a desired antigen, comprising:

(a) preparing a genetically diverse repertoire of single-chain antigen-binding
units, wherein the repertoire comprises at least one antigen-binding unit of
claim 20 or 22;

(b) contacting the repertoire of antigen-binding units with the desired antigen;
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thereby identifying the single-chain antigen-binding unit that is

i munoreactive wth the desired antigen. 84. The nethod of claim 83,

wherei n tWwe msep@rt oi re of antigen-binding units are prepaCadiSoy2458pr essi ng
a library of vectors encoding a plurality of the antigen-binding units.

85. The nethod of claim83, wherein the library of vectors conprises a

I i f ph L ..86. A ki f cl.aim39 i
Sui't abl ¢ packag: SREiE# 2 SResiG D Hig et Mgt POraTRe g VB ol ai m 1
3, wh [ id first. .and . i .| zat i i
O ouner el 1 S A BSOS DA bR eRF RUERGRcsgRL | o€
non- si ngl e- chai %gﬂmeg@egl dé}ﬂig@ﬂ. unit of claim1 or 3, wherein said first

and second het er 641 MBI 1 Zat1 on sequences conprise heterodineric receptor
sequences of G protein-coupled receptors. 89. A non-single-chain
antigen-binding unit of claim1l1 or 3, wherein said first and second

het er odi meri zat i 9 THEGMIRGESE FARPET, Shelih BeQepdiBileOf bAGEALINdIng @alteaces Of
neurotransmtters. 90. A non-single-chain antigen-binding unit of claiml

or 3, wherein saidpkdgasdd byesrghressing adibhey of ocitoBreheatinga phedlitgofée conpri se
het er odi meri c receptor sequences of nucl ear hornone receptors. 88 WO

03/ 012069 PCT/ US02/aghigai2biddingAnitan- si ngl e- chai n anti gen- bi ndi ng unit of
claiml1l or 3, wherein the antigen- binding unit is a cckFv fragnent. 92. A
non- si ngl e-chain antigen-binding unit of claim11, wherein the physiol ogical
body temperatures are at about 37C. 93. A naon-single-chain antigen-bjnding
unit of clai m 1, 8swideansthedotrlain &1, wherin theddiery ol vestori GoEmTises ¢ plyrality

sequences are essentially incapable of formng
of phage vectors.

86. A kit comprising a vector of claim 39 in suitable packaging.

87. A non-single-chain antigen-binding unit of claim 1 or 3, wherein said first
and second heterodimerization sequences comprise heterodimeric receptor

sequences of growth factor receptors.

88. A non-single-chain antigen-binding unit of claim 1 or 3, wherein said first
and second heterodimerization sequences comprise heterodimeric receptor

sequences of G-protein-coupled receptors.

89. A non-single-chain antigen-binding unit of claim 1 or 3, wherein said first
and second heterodimerization sequences comprise heterodimeric receptor

sequences of neurotransmitters.

90. A non-single-chain antigen-binding unit of claim 1 or 3, wherein said first
and second heterodimerization sequences comprise heterodimeric receptor

sequences of nuclear hormone receptors.

88



honodi mers when m xed in equinolar. 89

WO 03/012069 PCT/US02/24582

91. A non-single-chain antigen-binding unit of claim 1 or 3, wherein the antigen-

binding unit is a ccFv fragment.

92. A non-single-chain antigen-binding unit of claim 1, wherein the physiological

body temperatures are at about 37°C.
93. A non-single-chain antigen-binding unit of claim 1, wherein said first and

second heterodimerization sequences are essentially incapable of forming

homodimers when mixed in equimolar.
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