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CH MERI C HETEROMULTI MERS CROSS REFERENCE TO RELATED APPLI CATION 1 This
appl i catiwop ®imezonti nuation-in-part of U S UWility Pateatr/usppk4issati on
09/921, 144, filed August 1, 2001, pending, which is hereby incorporated
herein by reference in its entirety. TECHNI CAL FIELD 2 This invention is
in the field of imunol ogy. Specificall the inventi r o the
gener ation of QQWQS!Tﬁg&;Sr MEBIQ Q%EmTﬁgﬁﬁmlé
antigen-binding units using unBERAEROMYBIIMERS ati on sequences. This
invention also relates to the generation of single-chain antigen-binding
units stabilized by the subject heterodinerization sequences. The
conposi ti ons and net hgROSITREEERENCE TORELATEDLAPRIACHEION: ar e
particularly useful for identifying antigen-binding units that are of major
di agnosti ¢ and/ Thistapplicpients < cqiheatdnain-paBACKGROINDyGratarHB ppNGENT ON 3
Ant i bodi es or i nmmnogl obulins are nol ecul es that recognize and bind to
specific 099nhléd,diled Aegsst 1 R0Hupendafg, whedhris baisby snopepasged herewi by es,

anti bodi es, particularly nonoclonal antibodies, have been wi dely used in
t he di agnosifgrengedntitseativetnt of a variety of human di seases. 4 The basic
i mmunogl obulin (Ig) in vertebrate systens is conposed of two identical
light ("L") chain pol ypeptides (approximately 23 kDa), and two identi cal
heavy ("H') chain polypeptides (ﬁﬁ@ﬁu@ﬁ&rﬂﬁ%s to 70 kDa). The four
chains are joined by disulfide bonds ina "Y" Comfgfif uration. .At e base
of tRe Y, the tAbisHnemtipads inthe Beldid impynelogy SRl @J@Fa‘é"emlﬂ‘k & The L

domai s, cBY WEEEUATREOLBEHRP rpgR Bt etoh e e Srdfa el {ing

region ("VL"). The H chain has four donmains, . ] to.the V
region (" W-?tﬁ USRI AP et?f8ﬁ’f§?%’sza{(f?3—ﬁe,quaﬁfgalrﬁgW{I{;lﬁg]{gﬁgg %Qgg)gtﬁ%n. The
anti body C%Qﬁe%t?osn o]f 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
1



WO 03/ 012069 PCT/ US02/ 24582 two arns (each arm being a Fab fragnent), each
of which has a VL and a VH region associated with each other. It is this
pai r of Woegiomess (VL and VH) that differ, fromone anti pomtyuSon2458m0t her
(due to am no acid sequence variations), and which together are

responsi bl e for recognizing the antigen and providing an anti gen-bi ndi ng

site. Mre tvx?ooaef&iﬁg%a Al ¥ be RGN ﬂ%%e%@ﬁchf@%ﬁ%}f%%fag@%m §YH 1egion |

conpl enentarity ermni ng-regi on separ our fra
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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
ol obul 1 pRgeaeh I frenisaR hop Rty B eRRton Hopbintie fubke
generally h | exi Lng. § 0 13 ISk NGt ..

i nmunogl obuTl’i nbgp%ﬁﬁgngﬁéf?%ﬁgérﬁgrﬁég agvli}gﬁ]aégs%& érl%)g%n}péargoaﬁfl ngbrlrel%lpgy
facilitate i dent i i j ' ' | i : | e of
ot er acti gt R AEC)FRI AN BIRGE L 9L, VLB T AQRiRERAY ° 0
production gf F_alfﬁgnﬁnf ERRIstiAE bLhBART ahd &fi1ld R ﬁii?ﬁﬁ’&&lﬁﬂ%é‘ﬁ@ (Wér&,h_e

| ack of a stabiliZing nmeans Tor assenbly of the "mhnimal functional unit,
namel y the EVS.fef alTeirtre 341, 564-846\E11989 whioA cBASRL 6 VI ddifaidy (iv) isdiakd t he VH
and VL regions, when expressed al one, have very |low interaction energy

( G ockshube€D&tregions;(ahd 90)F(EBb' pdrepments; ¥ bRAeh) fraghnt Lampyising lowo Fab

conponent s
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
2



di ssociate at | ow protein concentrations and are too unstable for many
applications at 2 WO 03/012069 PCT/ US02/ 24582 physi ol ogi cal body

t enper at W@.03/01206% al so a | ong-recogni zed techni cal obst a®lca/ushze4sBar ge
proteins, such as whole antibodies (albeit extrenmely stable), do not
express at an appreciable level in the host cell, thus rendering the

[ f i,ghly di i bod 1 0i A I fL 7
%85?  cconbRpiolRFR oA IRIRREREE Lo d paun e oEngey EhEDbears Eitldes v,
VH I . ,Ho h_of. 1. ' f
i nei ¢ PRI SRR Bt R LR ferp B AR I RE S a3 U O
techni cal hurdl. I , j . [ i nker t
connact -t nirc s BTG foatpelf s A SnBRRE A REROMR MERY dherte oaey

Proc. Natl bhire Very A¥RRitD879-5883). \Wile the resulting scFv
exhibits su1?%§23?§ﬁbgﬁtf eﬁ-'inding activity, not all antibodies can be

madesas singl e GRRL ARy (Breb hppro&ias Ravd Kien AeRddbid tafgbhetatewtabld WEad et
al. (1988) Proc. Natl. Acad. Sci. U S.A 85:5879-5883; Stemmer et al.
(1993) B otmlsmmlswﬁ@s. Hdwover, e2@bof268ge. tedhidiqars bears hinamber afiistrinsict he
interference of 1inker sequences with the antigen binding sites. The
second appligdtiohswiel noas of tieer ¢iraugnvanisahe afofenmpsiveédiechdeil durtes n the VL
and VH regions to generate a disulfide-bond stabilized Fv ("dsFv")

( Bri nkmann cempletdly. THOEB} approach uses 4 pephisiadinkgto connest the Vo andYH a538- 7542) .
The incorporated disulfide |inkage, however, is unstable uq%grégg%gging
condi t i ons singlenehain ¢seliv’} Giluston @, (1A&DRree Not. deag 1358 JY-Sek 8¥587959435)1 he

inter-nolecul ar disulfide bond is often inguffjcient to stapili t he VL
and VH conpVkile thesesubingrscky ﬁ?@blﬁ%ﬁql?étﬁntt‘%}ﬁm}&?qi}mﬁ’é’&@w‘é‘@“ §9g‘?1ir@ﬁ§ﬁ°8’r‘?él

Tnsert Eéa!h sembe é%’é%é?s%é’{ae Qlﬁi el ey ?%P?v%?#f%iaf?%ﬁ%&flﬁﬁoé%f%liél???fai e
] be BrEpE: SpPace: . i 0y

ant  bod tes?%rgc-‘é'm%%%f? B a5 B SR SR sl AU MY el PR IO |
Const ruct | AaCaR T oyt e REE REME bl hve GG, Neb R wiB PR o oach

for stabil 'bﬂd&ﬂg %{égd)ﬂme dn %?ﬁ%fﬁﬂ%ol%i iniséﬁﬁéhljbﬁi_r@fé}ﬁtéihgfésmeﬂﬁl that i ve

to the CHL an ( omal ns. s nmethod proceeds with grafting a
di sul fi de- handnd VRKRgioasHo géierai-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



domains to the CGtermni of the VL and VH regions in order to reconstitute
a Fab fragnent. Wile the resulting Fab fragnent is generally nore stable
and of t erwexbiokdoss 3 WO 03/ 012069 PCT/ US02/ 24582 hi gher IpCmdisnz24s8% i nity
than scFv, Fab is not optimal for high |evel expressi on and anti body
repertoire construction due to its | arge size. Certain dinerization

sequences ed to
esebl o e o B e S Ea i SR ﬁ%ﬁqﬁ?é’?wﬁo‘“ P32, a48

descri bes antiodReeperiotre coadtruction Ghé& o0 1aRie shzenked by the Fos and Jun
| euci ne zi ppers. he Fos and Jun | eucine zippers are well-characterized

sequ8nces known Cetainpligtgzativhi sadhencésothan fofrh €oideli-oail structigeelvae alsoltRyn st i | |
exhi bit significant propensity to form honodi mers under physi ol ogi cal

buf f er coneinployrd t@adémbleahultimgisntaintibodias. SyedificatlepSr BatentaN¢. G, Beki8et al .
(1992) Cell 68: 699-708; Vidal et al. (1996) Proc. Natl. Acad. Sci.

US A). I desceibes a bispecifinF @b, heterndimer linked Sy tlst Aoy andthatlecinermppenn of
Fos/Jun heterodinmer in vitro requires dissociation of the Jun/Jun

horodi mer B¢ fos ged fenleneige sippers agruwell-shargptetizerl seavenspt bravinetay | ani ne (see

U. S. Patent 0,5 colum 7 _lines 35-37; U.S. Patent No. 5,932, 448,
col um 16 PF“R%@%@I—%’@S‘“ oieadimessy dlpweyeyithey stilsphibEotenifierny propgnsifydo

det ect abl e .a unts of d| nmer col um lLines 41-43_of U.S.
Pat ont No. P aolesioa bt Gt GRaoR iy Halogipal Body

S e %Wc@%ﬁ BT E SPE VR PE COEPERG Nabted” °°
such propegs tUXS'A? E:gfa%?g@%n%fn omo%ﬁ%de dy s{aS@%étWr RIS oG O wher e

hi gh efficiency o neri za ween egions’is

required. feldjddGed 94 féﬁuﬁ@sddﬁéb@laltl%ﬂ %Tﬂﬁ‘s FbnPRf mémoﬁkn%r%?tfﬁ&the%gn or |

5,824,483 by Houston et al. describes the construction of a co

library of r&RicliGwaRilmeicaRbbHhak}2RineNSRID SePate VS 15910 813 8blunirOpRaes t hat
the library is useful for identifying a polypeptide that is capabl e of

i nteracti ng580£ULS. iPagnt Mo, bB2,44% ebrmine th ke 13a30)e Mheh teistedidyitd) Gbthas
anti bodi es (see | ast paragraph bridging pages 8 and 9). Apparently, Houston
et al. cofosepmbJirhgeldalegctabnamduritaof hapsodiperst(bates.l. tdiamn b6 nlihes d 1¢43r gfet ed
anti bodi es, rather than
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.



t he construction and sel ection of target antibodies. Focusing on an

entirely different purpose, Houston et al. does not describe or even

suggest twe oase0edf coil ed-coil sequences to generate stapC#/US02/24582

antigen-binding units. 4 WD 03/012069 PCT/ US02/ 24582 10 Thus, there remains

a consi derabl e need for inproved conposi tions and met hods to generate

st abl g, anti gen- i un thereof.to ef
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preferably ragnent arge- scale pro duct i on
and effici efbrage@R! &Ml eéBﬁIalu?glhhﬁe i8] iR éiﬂblhdiﬁglh'nﬂ VOEObS BloYEstale &

bui | di ng bl ock™for constructlng mul tival ent "and/ or “mul tispecific
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rel ated advantages as well. RY OF THE | NVENTI ON 11 pri nci pal aspect
of the presgale prodeiovhand bﬂidiéiﬂ didpRiygSuch amtideadimding enit %uld%bﬁﬁdeﬂeﬁas a
assenbly of nononeric polypeptides to forma stable heteronultinmer. This

t echni que obfuikidgblockufdricomstrusting medtivaten acd/br maltispedifigimtitodieag e present
production of functional heteronultiners and avoids the assenbly of
undesi red hionentiomsatisficsikese meedsaadipsovidestrielatedaadvgntagasfaswetlor generating a
genetically diverse repertoire of heteronultinmers such as anti gen-bi ndi ng
units. The technique can readily be adapted to a variety of "genetic
package di splay"” technologies that facilitate the sel ection of

anti gen-binding units possessing the desired binding specificities. Such

genetic package display techy ﬁgﬁ U. S. Patent Nos.
6248516, 5969108, 5885793, , 5514548, V‘09005144,

s G b %@géﬁﬁiﬁgfsﬁg il ?47’32%2% g eI ot 1oy
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distinct in at at ast one ne eterodinerization pair is

essenti al | ytebmﬁe‘m HetBbrml RS RR O EHctTRAEs MMl PRt RRbGH oo U f e

condi tions and/ or at physiological body tenperatures. certain
enbodi ment sfuntfiéhat hébionaecheRtint A06Ib tHeHsSan bl bfuﬁ@su@ﬂh(\/m&ﬁﬁle?s. The
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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
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nol ecul ar size smaller than a Fab fragnent, but also exhibits the required
bi nding specificity and affinity. Mreover, certain non-single-chain

ant i gen- bwodBqgooni ts of the present invention bear hi gh@cThisnz24sg2
affinities than the correspondi ng conventional 5 WD 03/012069

PCT/ US02/ 24582 si ngl e-chain anti bodi es (scFv). The antigen-binding unit is
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het er odi negj,zat i AByagguence; (b) a heavy (H) chain polypeptide conprising
a heavy (H§ C aél)% va{rﬂlgabl e region fused to a second heterodinerization

sequegce; wher eB?eéiﬂ@ally ﬂi%?jré‘seﬁﬁiﬁvéﬂiﬁn'ﬁr@ﬂ&ésrh w-sipgpichdi@sntié®bindigyi a
pairwise affinity of the first and second heterodi neri zati on sequences;
and wher ei gnRttompAsihg:QaPa Uht (L ehdig belypelitiiercorptising adixdu dyabain wariable
essentially incapable of formng a honodi ner under physi ol ogi cal buffer
condi t i ons regieH fusedito Phigsshetbodimalzatiadyequempee (i taeesy (Hr ahbir midypeptiddot h of
the first and second heterodi nmerization sequences are essentially incapable
of  f or m ngoimprizidg piesvyuEDehaiphwsiable segiomfuspdifcf eseconhbétetodimerizgtiont

physi ol ogi cal body tenperatures. 14 In another aspect, the present

i nvent i on pequeneRs svherein thedi ehptin arnchitie Al ehpin pelipensidasidimeriza via RANEIS si ng: (a)

a light (L) chain polypeptide conprising a light (L) chain. variable region
fused to aaffimtyoiike Gishandscondhsterediunsgirationseqpgyces: %@a@vﬁlwﬁa}%ﬁ\%ﬁe of

o P95 SO 8 Reaug L, SIS Vo SO CERL D U, Busreon
| tides. di . ! VITET ity . q

Pet or oai e PRy PEeCo i sab B LR ALY EY thiS irichlnRE P RRAREY.

receptors. \.p §fe ARP ﬁﬁ# secbgc?hétkfoﬁﬁn&%tiﬁl’? CEncel Gl L0t ARy hﬁcﬁ#é‘t@é‘of _

sequences CONpri si ng heterodi meri zati on receptor sequences that nediate

het er odi merg,zat | A8mBHintISuARE RIS gichlbufRt cARidiR and BPBEssioléd16al HUBY eCt
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



het er odi meri zati on sequences forma coiled-coil dinmer. In still another
aspect, the L and the H chain polypeptides dinerize via non-coval ent

pai rw se wDfo3i2099 of the two heterodinerization sequence®CTRiset/ar5ably, the
L or the H chain polypeptide further conprises a flexon that is flanked by
the variable region and the heterodi nerization sequence. Both the L and H

pol ypepti de sequengces may,.he derived.from human.L..and H 6 03 2069
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15 In a separate enbodi nent, the présent invention provides a single-chain

anti gen- biiidecifiei Abu ARk Sdcitt, idpbdtit andlet@BFcifiviabicatiee regi on and a

heavy (H) chain variable region connected by a first and a second
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and second heterodi nerizati on sequences; and wherein at |east_one of the
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honodi mer under physi ol ogi cal buffer conditions and/ or at physiol ogical
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deqslie i
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sequences ch . erodi neri zati on Tece ces that nedi'ate
het er odi merj,ga4 (R0 68k ahd Secoff BOERIdmerization 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



17 In yet another aspect, first and second heterodinerization sequences

forma coiled-coil dinmer. In another aspect, the first and second

het er odi r@0iozat1a06h sequences di nmerize via non-coval ent paCTWiSsz248%i nity.

Both the VL and VH regions can be derived fromthe corresponding sequences

in a human L and H chains, respectively. 18 Both the non-single-chain and
en- bi_ndi.n ts can_be.

i nal e- chai . ) ) . .

Funi o bR PELAASER RS ey i SRR B
imte 0,Si eptides, agent i | ogi i Vi

agent o 7 vis6ar0s SHEY. peSPeaBERIRAL WA ARBNTTCE | Mot e copling to a sol i d

suppest, vaccin i 0l LELersy: L -l

aborD, ' par amngRSras Biapd R aTaPaRReRELEhes nl O WiGect SERILHAME

sequences gopl gl H@Hvédnj?% @-?éﬂﬂrﬁ%eq?@ﬁéeg%f'(m%f&epwﬁi bid GAB Aefeyaer f rom

C-term nal seqguences o BAB receptor 1 and AB T eceptor 2,

respect i vebyresefifelp! $isE pRifdablyhheffirstHetdiGdificpidatioRr eq@drco s Ixggdenae i s
linked to a cysteine residue, Said first heterodinerization conprising a

GABAB 1 ecepydind resiiokbyqaePtitstiBetofodBherizatioh c@fipasing o G Alp reesptdués that is
essentially identical to a linear peptide sequence of conparable |ength
depi ct ed i polSp&Ytide dfiax ledst 30rahiné acid eesiduets thee ieesociitially ideaticalio sdigeance i s
linked to a cysteine residue, said second heterodinerization conprising a
GABAB 1 ecepepmtidedegaingpefitimiparaile mgthedepict@binyHQ D NRi 4 apd dhedgeend: hat i s
essentially identical to a linear peptide sequence of conparable Iength
depi ct ed | het8Rdimerizatonsequaneishiaked 0 a/cystaiee Tepidye. sASEFM meri zat i on

ﬁ g {rg ? (r) Slb Ing a}“g A ;&S_t“l']f‘.ed dhatds %Sae‘%ﬁluél*:‘%nlnﬁgll\t@aqﬁ’fearaﬁ?@?@ﬁ %qulg% nog%o.mp %a%ﬂ: |
et or odi meidiE SeEE ARG TR Lkl ik Bt EhMAoT RdtoRRERTE
Sequence of PKEElSCH G Aegle RTINS tiiC¥ G iflonidtisthe f GANADER DS

i nvention prov{isgddof KGRI ARInoRRIdRYALEINAAS c&eRRAllySiUBHiICAI 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.



codi ng sequence that encodes the L and/or H pol ypeptide of a
non-si ngl e-chai n anti gen- binding unit. The invention also provides a
reconbi nawo opolprucl eoti de conprising a coding sequence PoatUSenzBEEs t he
VL or VH regions of a single-chain antigen-binding unit. A so provided is
a vector conprising any one of the reconbinant polynucl eotides described
herejn. The vector can be an expression yect e.q.. i spl ay
vectdr. Furthe he&fﬁ%ﬁl&@ae?wnt%‘.?%PHOWS?ﬁ?{‘Sﬁ c?li bgmggflrelgyge&%g]%ﬁbr ary of
expression vect.ors encodi ng.a I: I - bi.ndi nj

conpri si ng*fEF n?lﬁé’rqugtegﬁ% Seg{h%\%gc{?ﬁl@}lﬁ%ﬁ?é@ghﬁﬁé e% ﬁkghgee&:%}g e
library comprl ralJ 3 I : i 9
PCT! Usb! Aag Pl i pBlyrdetiadtaRaRn Qe SHaK GBSO Bl the
conprising, §i§@e%@&bﬁ5}inrs@ HeivRats. PeHIYCdBGhaFBSeuk iRt OF profbiiatit.

pol ynucl eot | encoding the L chain polypeptide and the pol ynucl eoti de
encogh ng the H gRak BndiRénERGRIdiHE Y pREeiifFRiIbn pfovidessi hghel vmbaucing in
separate vectors.” The host cell nmay ge eukaryotic or prokaryotic. 22 In yet
anot her enpgehi-sRsle-chhideambipes-bitidingnudn tTienmghoed invebres theebiosingfstgps:a@dlci ng  a
non-si ngl e-chai n anti gen-binding unit. The nmethod involves the follow ng
steps: (a)expeespingds ahgsticella firsiatcamsbibar polymstleptdoerisodingta light (Inwbhisot i de
encoding a light (L) chain polypeptide conprising a light (L) chain

vari abl e rp@ypnptiﬂasejﬂpﬁsingaﬂiigh’s@)I@gaierv@dhbbif@gzm fused toedi8hce, and a second
reconbi nant pol ynucl eoti de encoding a heavy_ (WZ chai n pal ypepti de

conpri si nghetedodimerizatipn sqqupncey and agscend egphineptrelyeusleptide erpding a heavy
het er odi meri zati on sequence; wherein the L chain and the.H chain

pol ypept i ddd) chaiperalyreptide gomBBEITING 8 B icle@lndﬁﬂi“ﬂs r?%l?%ﬁlsﬁ‘ﬁ@ asseenth

Sl g on sguercess, 30 M08 o SO OB0E Sl s i

h di d hysi.ol ogi cal f i1 . hysq i Cal
ol T e B B0 65k AU SC NI ZBL Bl ShoGhcR
expressed legstto o!?%thet&gaiheriggiio%ggé@gyﬁ%gseﬁﬂﬁl'l)gﬁl'aﬁlgabwéﬁgﬂhmgta may al so

contain heterodinerization sequenc at are derived from het érodineric

receptors. h@iﬁgﬁéﬁﬂ&?Egﬁlégg;y&i&ibﬁg&%ﬂbﬁ?&%ﬁditi@ﬁ@érﬂ/cﬁrhft blﬁﬁblb'gieﬂib’oﬁy expressed in

step (a) can on-surface of the host cell.
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



Preferably, the non-single-chain antigen-binding expressed in step (a) is
di spl ayed on a phage particle. 24 In still another enbodi nent, the present
i nventi orwprogwizes a net hod of produci ng a non-si ngl e- ch®CH/US02/24582
antigen-binding unit, the nmethod conprises the steps of (a) preparing a
first reconbi nant pol ynucl eoti de encoding a light (L) chain polypeptide

i Si | i L) ..chai . abl A . i .
ﬁSFEEJLZE %i‘aﬁ%q%ﬂﬁnéé%uém Sehendiof SR A tlE B iR dimer g
. _ Jenees © ~second Fecol |
vari abl e merae el baiogeloBiny REPH P By SRt anbeRs B €I T the
L chain ang e e 61aiAROLAASRH RSB e VidpdalisBaity of feTirty of (he
rﬁj etero atro

first and 'seco i meri sequences; and wherein at |east one of

9 WO 03/ 0%9@80&1%}%9%?@ﬁ%&n sehifen8y. erecidipsf dmktignioneniieakeplatsin

essentially incap form nga honodi ner "under physi ol ogi cal buffer
condi ti ons,;apdf gy vigd. physi ol ogi cal body tenperatures; and (b) . allow ng
the first and second pol ypeptides to dinerize via pairwise affinity of the
firsis and secongs hiflafiedils@inchdes  megeduwspeadicinesisgleshah adiiger i zat i on
may take place in vitro or in vivo. 25 This invention also includes a

met hod of ndidyahhgTlee methgdeingblaenthastepg ofica) bkprassing ioa host bl net hods

i nvol ves the steps of (a) expressing in a host cell a__polynucleotide
conpr i si ngpaymetiotide sempesing a coding semyistessthatrncedas) the subjch singlerghaim,
antigen-binding unit; and optionally (b) isolafing.the single-chain

ant i gen- bi andigerybinding unit; s epiéenaily (%/)Hé(ﬂﬁ%‘%ﬁ t%éé}qg.le'@@mr?ﬂtége 'r}l’%‘ﬁ?g WL f urt her
i ncl udes a nmethod of displaying a chimeric heteronultinmer conprising at

| east two @6¥?ﬁ%ﬁ@ﬂb@§°$ﬁdi surface of a host cell. This method conprises

o3RS 19 SRR bRt G Bl PSHBLE SRl o o
A N e
sevence: WAL L0 14 o GOnaRRRARBhpADkIdance g 2 pai v se
polypeptide fused to a first heterodimerization sequence and a surface presenting
sequence; (ii) a second recombinant polynucleotide engoding 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



wherein at | east one of the heterodinerizati on sequences is incapable of
formng a honodi ner under physi ol ogical buffer conditions and/or at

physi ol ogwoaB/obmwdy tenperatures. In one aspect, the firstecanozzasend

pol ynucl eoti des are expressed by a single phage display vector. In another
aspect, the first and second pol ynucl eoti des are expressed by separate
phage di spl. yectgrs. .The, chineri.c.heteromultimer .. referably a

on-si ngt oIS e pUASEP Rl iR T o B it Rl drntisef ine

i nvention t j RAVIN ' = in

ant | gen- bi S8 U R0 I, BECerolr BBt A MMt RS T,

met hod congp ﬂegﬁ% 5 RBrady 6PVechrs eﬁ&ﬁit&raﬁ#}ﬁfdli@ﬁoﬁhgﬁﬂ@ééncﬁhﬁiﬁg dhiter se

repertoire o gen-binding units, erei'n the repertoliré conprises nore

than one suybifefblyaiid lﬂﬁ&yﬁif%étﬂﬂsdé \prised @%)l_uraﬁﬁjﬂbﬁﬁﬁdg@gre&tbﬁs. repertoire of

antigen binding units wwth the desired antigen;, and (c) detecting a

speciaBi ¢ bi ndi nFifglyygrbrésehi igeentionislovides kit Sorapdsibde vastbi efahis ihveakiehy 10
WO 03/ 012069 PCT/ US02/ 24582 identifying the antigen-binding unit that is
i munor eactin vitable packignglesi red antigen. In one aspect of this enbodi ment,
the repertoire of antigen-binding units is prepared by expressing a
library of vectors encoding a plurality of the antigen-binding units.
Preferably, the library of vectors conpri plurality of phage vectors.
28 Finally, the presdatPl i T ABBRS LONSIRBYRERBIN, vect or of
this invention _in sujitable packagi ng. EXPLAI NATI ON OF ABBREVI ATI ONS USED
HEREZR 29 1. NdeNsmohosisiplechamin 30 2. Sc: Sing-chain 31 3. Abu:
Antig%n-binding unit .32 4.. Abus: Antigen-binding units 33 4. L chain:

Li ghttOchai n 34 3 SF cR¥efhaieavy chain 35 6. VL: Light chain variable

regiqy 36 7. V. HeaXy:EhAfaduanl € Teol on

s

32 4. Abus: Antigen-binding units

33 4. L chain: Light chain

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



BRI EF DESCRI PTI ON OF THE DRAW NGS 37 Figure 1 is a schematic representation
depi cting various antigen-binding units. 38 Figure 2 depicts the

nucl eot i cwoan@1zn? no aci d sequences of GABAB receptor 1 &a0/Us02/bs82 wer e
used in constructing the subject Abus. The coil ed-coil sequences are
derived from human GABAB-Rl1 and GABAB-R2 receptors. The coding am no acid

S
BAB t i B TSR j i :

CABIE o0 e A Rt D T g S el S Bkl
to the am ol SARAN Rlofbnand i BRKRNANIARIhAHIAE: 3anamRS O favor

the formation © rodimer. To further stabilize the

het er odi M A NRBIAYSEndiR foqgé' e&8o2y1 YerhiEhy$d VIDaad SHAREEmERS, | resplsctiety.

het erodi meric coiled-coil pair viia the disulfide bond between the cysteine

resi gyes (SEQ 1figle 98/194 S&HethaliCTépeiinlaBdh 8Ltwd ExpéSiondeatots pABMDiearfder Ar g

codi ng sequences at the N-term nus of the GGGG spacer provides Xbal or

Xhol si t es pABMXDs Both PABMIE] 4 pABRDEY welierderivedfioorptdezyodptcdK(deri ved from
GABABL receptor) and GR2 (heterodinerization sequence derived from GABAB2)
domai ns t ocomprisiag b amipiciltinmesistande gehe fdup)/forfantibiotia selecticaspplesmideongin 39
Figure 3Ais a schematic representation of two expression vectors pABMX1
and pABMXaf replitatiqnABMEL cai)carnpfABNage origia of senligation (b pripiand dagqrppetegige.)

conprising an anpicil]in-resistance gene (Amp) for antibjoti ection, a
pl asmi d or Qi drivenfprotein exprassion cpwseft la&rRI%,S-ﬁﬁe@q%rﬁé&é F%ﬁ Jf plac-

Cabsetre (BEDABLdieaatns B RAG). pRBbRErolGhons Sealsth B RERHR t ag
for pABMX2 The het erol pgou eguence. s x’rest g as & aP'g'E d@%h A and
6 xI Hi 3 tagfiH'ftﬁ%f%‘lﬁ aﬁﬁﬁo’%ﬁ?ﬁtaénﬁls B P ?18c?‘5€13§§fe? %‘2 LG pRE gelel t her

g B ! ! .
2 of eaved PhoBaFC o Fadshify BEIRBRAT ShbenRAGE e BRlSE spcln A SR AL AUPCE
lac ppomoter b %#ﬁgpﬁ%ﬁh&sﬂﬂg S%Bées?SEQSIm(IOBWQﬂ&Qﬁe RABMRoted NE

Hi ndl Tl / Xbal or al /'Notl sites can be used for inserting
het er ol 0goyswRAYERESS BBAL sifs®f pABMX1 and pABMX?2. The HindIIl/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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to be expressed in pABMX1 vector. Additional cloning sites included in the
pABMX2 vector are Ncol, Pstl, Xbal and Notl. 41 Figure 4A is a schematic
repr esentwoiogn1who t he phagem d vectors pABVDL and pABMD2 Pa3afsat/ 245687

di spl ayi ng anti gen-binding units. pABMD1 and ABVD2 were derived from
pABMX1 and pABMX2 respectively. They conprise all of the functional

I f pABMX1 e i f i
o e O DAL A R T B RO AR B
DHtag. ' T i i

"0, TOERNEE DO S SRR Ol At agppeTeTce o

pl 11 capsi« ( ern, rntuarn ayed on e particle
upon super i firedd addef seﬁué}ﬁ:taP@Er&ﬁ@&ﬁorﬁtéﬁhnﬁ?pﬁ%ﬂﬁ@@%?%@ maci a
Bi ot ech) or R408 hel per ‘phage (Stratagene). This vector can also be used

for sol ubl esyBrlBhRisiteX R @FESHIA JfMeRrdlOgbuS BBRIASS @lg. VAT b&fe, alko diffeRinMthede?
Figure 4B depicts the sequence (SEQ I D NOS. 9-12) after the Iac pr onot er

bet ween Agefwoardtons! pABMIEScotaisBYPB 1euddr, pABYRBMIE chifaids il Geader.

PCT/ US02/ 24582 43 Figure 5A is a schematic representation of the vectors,
pABMX5 and Pwdbifein eppishsitn eassktidBiplopingthd daci premhofer owergpeiginéeredridtop ABIIX2
respectively. Different |eader sequences were incorporated into pABMX5 and
pABMX6. Thetwoswebtors nTingfisst cassetteds usadde expross VH-GRBi €Y DI beforedimernipatinoe, e. g.
VH gene, also differ_ in these two vectors. pABMX5 contains the p8 |eader,
and pABMX6 ssawengr o6 GARAprceptpe hirnd the segoneisoised fp esppese é@i-@&dé[pés ettes

enpl oying the | ac pronoter were engineered into_ these two _vectors, The
first cassdiat@odigmerzalion qusise 856 EFeCeptorL -H@t@%ﬂ?ﬁ@? E‘ﬁ?ﬁfﬁ)ﬂc’ equence

vet oroat rer st U fepeeoRcei FelBBY bR o g vas Tused o
het er odi m L L i s T use
FrgurE58 dept o B ARG Mo el ISHRID RS 1 Bd BTRRE 5.
sequence andcRHcagy bt RATNIA LIS sAABMNRNIRE L8 Brs, | 1 ] B8 riHSine

ri bosone- binding si ~DH-tag, subcloning sites for inserfion o , VL,
GR1 and GRZingihg st I91-thd) A5@8:8Hg sites for insertion of VH, VL, GR1 and GR2, are also

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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45 Figure 6A is a schematic representati on of phagem d vectors, pABMD5 and
pABMDG, which are useful for expressing and displaying ccFv on a phage
particl e.wopABMDIB6Y and ABVMD6 were derived from pABMX5 and pABNIS62/24582
respectively. plll gene derived fromthe filamentous phage was inserted-

i medi ately after DH-tag. The VL-GR2 proteins were linked to plll capsid

G BT eSS P B D5 SR T SR,
o 110" PARNDR A ORI VERLSES 1ok bt Ol oSSR gl L,

G2, are @L}S@ﬁaﬁﬂ&ﬁ%ﬁgh?g%aﬁmw&in tHE Phddethid DEYSSABMIPAVEXT useful for

expressing ccFv Tragnen n- yeast. 48 Figure 8 depicts the results of an

ELI SApassay usi 0. A Wepicts'tAe AR AkSoft SIS -PAGE &n SBARM -RFvieRPrepABMK1
vector. The results show a dose-dependent AM2-scFv binding to 1ts antigen

AM2. 13 VAOR)3610 42k e RCikgldnd 2od 48Bikingdcdnbitipur h8 rekaits demohdtatd scdskfl of an
ELI SA assay using AM2-scFv fragnents that were displayed on phage

particl es. eXpressi@sand ssseabiyd hetatedimerde ecdyantid. golof functional scFv
fragnents on phage particles using the phagem d vector pABMD 1. 50 Figure
10A &épi cts t he Fipreall0B depicshis: RAGE efaal 4 asfayaMingsoiubleAMbeedsd in E
coli wunder reducing _and non-reducing condition. The results denpnstrate
successf ul expiepreddr Eoeplantherssdisindicae specessiydissambly of fmgtional pcFwwith, 51
Figure 10B depicts the results of an ELI SA assay using sol ubl e AML-ccFv
expr essed ieﬁP@Fedc,lBP‘ilmgWFélﬁj‘éB’JPt@ CPHETPORIBE e sf ul assenbly of

N, CeEy L SRS B TRE A o R R
antigén. 52 Fig 1 ]

Bili f ) . .
canaDl1 1 b Ml Sty AR SEAME RV SBBRBk, e ABHp BRI 1
AML-ccFv f rtﬁ‘egﬁf‘a%te iaﬁf&@s t?i'igplﬁlliﬂgglﬁlg @f\db—'c%'@fra@h&ﬂb B%hibit 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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capability than the phages displaying conventional scFv fragnents. 53
Figure 11B depicts a conparison of the antigen binding capability of

AMR- ccFv wexpneds? ng phage and that of AMR-scFv expressi n@Cphege2458he
results indicate that the binding capability of the phage particles

di spl ayi ng the AWR- chv fragrrents is about one order of magnitude higher

than gat of theg; &ﬁ(%&é}?eh{clz H@Q%?eséb]‘%l iI{: W%%%?%ﬁetg%ﬁin‘f%lzgf niee

mul ti vaI ent Abu ¢ I gur {5 ons 1 ccFv

unit. 55 Fi &Hﬁ&c@ga&ea@ﬂaﬁééi fnQithed gﬁ'ﬁﬁﬂtorém{' gﬁ%ﬂ #F g'ﬁllaﬁg each

conprising a basic cckv “unit and Sckv or nt. 56 Figure 14

depi c§1s t hree trFigateerytis AkuhRatic! BpreddntAIbh of RBEV dRFRRNE] &1t 118 sBFF§ceXfa MOr €
basic ccFv unit, one or nore scFv or dsFv fragnent. 57 Figure 15 depicts

four bi specprbkaryédixtloﬁaﬂtﬁt}@ub atll.oThe toparafielcdepivtd SOMYAispeelby a'Phage padicle CCFV
unit with distinct binding specificities, and/or a scFv or dsFv fragnent.

58 Figure 1tﬁa1de|adhﬂredtdﬂ1eeu1é‘mdldﬂadmaﬂceﬂl specific Abu configurations. 59
Figure 17 depicts three trispecific Abu configurations, each conprising at
| east62 one basi cFiga20udsipicts thedesuits b&paminge “wodal phagajlsdﬁaryf uaiggeEliISA14 WO
03/ 012069 PCT/ US02/ 24582 60 Figure 18 depicts two exerrpl ary singl S Abus,
in which t Havelzingiguneslizedarpioh andiger faresMa fioma panningof 2 Ymeded fibrary”. pEheal | el

onfiguration. 61 Figure 19 is a schematic representation

or anti-parall

of ccFv 3. s%l%f?é g@ﬁYt%t% ek aypixtae OJAMZGKEWB%&%%@U@@}@&%@B &M~ The
to anel depicts c | a hage rt| a adhered to
thg gurface ol ’é‘ahr Egilﬁpa‘%‘g?&pg\é@@e elte rga IH%S Qfégﬁﬁldﬁ‘%fsnﬁﬁhl ng a
for Ave fr aRBLATe é%ﬁgé‘ﬁwﬁéésﬁ : %v%éfc{fvei»r“e?m ﬁmﬁo&&ﬁmmo@ﬁiﬁiﬁc Bhdbifned 2
m xt ure of = a.rat of

1: 106 and 1: , respectl veﬁ%ﬂgd#ﬁéd' ""a%ggﬂ?gjlg g{é‘i\%ﬁ@ei qﬁ%déc t1(ngtf1aﬁ

A cory | s (LR HadRAr st I ORI S R SRR, HERREURE bl g
was det ect esfpahhigtis ik IAMI2 1cBB¥ fraction 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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the AMR2-ccFv fraction present in the mxture was still |ow However, after
two rounds of panning, the AM2-ccFv fraction neasured becones predom nant,
as evi dermwoed3fby20e9 dramatic increase in ELSIA signal. 63 PCgurse2248depi cts
PCR anal ysis to confirmenrichnent of AMR2-ccFv via panning the nodel

i brary shown in Figure 12. Before panning, one AM2-ccFv phage was

detected in_every 107 .unr t (O, . A e first round
of panni ng,ln lﬁ%eg%@t&’rl?g %Jén%ooggﬁfg-gggé\}&e%e%%&% @gﬁ%ﬁéﬁ\??ﬁ% n01 0% after

t he second g%?ie—ﬁ n ' ' . I R fg;}g?; of VH
(heavy chaidrr.?gé‘i{)bgdXIE/E1 (ofo) v.)’ %hog@l %d%%‘gﬁﬁztﬁ% vs‘eél%%\le%trgﬁu?dg% a\?\aga?ha%’ﬁjlof Ied by two
PCR pri mer §ddy ?:Emfiﬁdééhlﬁfﬂlleﬁﬁttr‘ﬁ@s (SHRELRRIAG of & Phftichidr 8kidile). EPositldi tRAtl 9O
was first anplified in PCR and subsequently restriction digested before
bei ng subclypigdot chahgdl BEelibearpidesdgh sReh&WRIn BlanWHTRE cordMBsus dEnvedifortti gur e
23 depicts AM2-ccFv phage ELISA results fromindividual clones that were
random y pith&pshninginshéwen ohlthe bped. panel ) and the 7th (| ower panel)

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

AMR- &Fv var i antEigd 25idgpices 2<bmimpison of thie &g eajeeoitasAM2-cckvivarnay apdlthct ed
fromthe AM-ccFv CDR3 VH library panning. Shown on the top is the am no
aci d sequerwidd type AM24ccBy.al ke glxpal of thocazeoepesentPrw iss hoktsantibodii cat ed
mul tiple options of residues derived fromthe degenerative DNA oligo

descri bed idissppigigs droppthe antigeih bel ow it are the sel ected residues at each
"X" position frompanning and their hit rates (occurrence rate of a
particul ar residue). Positions that were not changed by the library design
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

variant and the wld WM%G'W@EEWEW(KQS represents how
SSTromthe a

fast the test anti body ntrgem. MODE(CS) FOR CARRYI NG
CUT TggE | NVENTI C’hllroughout this disclosure, various publications, patents and published patent

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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68 Throughout this disclosure, various publications, patents and published
patent specifications are referenced by an identifying citation. The

di scl osurwe oafo120hese publications, patents and publ i shedPoatisn/24582
specifications are hereby incorporated by reference into the present

di scl osure. General Techniques: 69 The practice of the present invention

wi || _enpl oy, unless ot herw se. i ndi cat ed onvent i onal . t-echpi guas of
i mmuffdl ogy, bi ofR&FRAINLYE SRefilicpUen 3N %ﬁ’éc@f’é}ngﬂf‘% TGy, 2> rﬁncraggi ology, cell

bi ol ogy, genpmic nd.r econbi.na I it Rl il t he
art. See, ’é‘.cﬁgl? pf'fﬁ? fﬁ%&%}"emﬁfﬁ%‘f %@%@éagpgﬁéﬁFﬁ%Wi%gﬁof ;‘%ﬂgg’h]’g?%gk,
Fritsch angd_ Nani gt R0 NUAL, 2nd edition
(1989); %WCWEWM&%H% Y F?gll\ﬁhgrewﬁusubel, et al.
eds., (1987)); the series METHODS I N ENZYMOLOGY (Academic Press, Inc.):
PCR 2: A PRACTI CAL APPROACH (M J. MacPherson, B.D. Haines and G R Tayl or
eds. (19959)eﬁnmgpw and Lane, eds. (1988) ANTIBODIES, A LABORATORY
MANUAL, and ANIMAL CELL CULTURE (R I. Freshney, ed. (1987)). 16 WO

03/ 032069 PCT/ UBAQ {2t 8Bolypébtifte” upestiden and Epropbe] dre asdd interchadgerbhi Inseint he
singular form"a", "an" and "the" include plural references unless the
cont ext cl gadefer t6lpelyateasofainiias atide of &yrlewsthnifhe polyhmer magrbmlingarg eydlic, or
includes a plurality of cells, including mxtures thereof. Definitions: 71
The terns bmathgdefitmajecomprize mddiied amido apidstasidit may be iieraunted ¥ changeabl y
herein to refer to polyners of am no acids of any |length. The polynmer may
be |i near , noyemin ackds 'éﬁéﬁ@ﬁe@ho NCOmRYSSETHRe peld PRbydes @&t%ﬁﬁeﬁ’@e%ci ds, and

it may be interrupted by non-anino acids, The .terns al sgl enconpass ani no

aci d pol yniodifiedatoriexsmblee wia suligtinn gyqosyiasionglipidation, acstylaliofh at i on,
gl ycosyl ation, lipidatjaqn, .acet tj.on, .phosphoryl ation. iodination,
met hyl at i oRhosphoy .qOBn%O% P’édpé)/“k'?l@h?ﬂ’(ﬁ’égggi)ﬁ ,roteélﬁﬁg Bﬁ%’??ﬂ%ﬁi on,
prenyl ati Oghosrpﬁgxgy a’[lZO%E br%ﬁyla 1gr|1,E]’:Qé)e}ﬂi‘z"‘a{tfo%,nSeletnrog}ﬁﬁr)ﬁ,rtiJﬁ%r-WA Hethted

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



addition of am no acids to proteins such as arginylation, ubiquitination,
or any other nmanipul ation, such as conjugation with a | abeling conponent.
As used hwopeBhi1dobe term "amino acid" refers to either nararalSozadsnr
unnatural or synthetic amno acids, including glycine and both the D or L
optical isoners, and am no acid anal ogs and peptidom netics. 72 A

I id 1 No . aci £qus .derived f ' desi d. i
ot ers  oloe TOPRSPITA ERB SR HERBLLS BERFarabr o D RBE bt i de. have
' [ t hat .i tially.i t.] t :
pol ypept i GUPEREBO I Soting ed trante ool WBct e piflacontns |

portion consists, qf. at .am no acids, preferably at |east 20-30
amino aci d¥® e%nggbrrlgqeedreg%?syregatwﬁ%ua@t 30-50 am no acids, or which is

| muppl ogi cal 1y Al %{iﬁh&ﬁ@@ﬁeiﬁ‘* 5uRd PeleYPRILS €82 BRSAREHrotdin bhRamagUence.
This' term nology also In udes a pol ypeptide expressed from a designated
nucl ei ¢ acjde tﬁﬁlg BROSDaralSpdlyp&pRdEBF poteiR ERAiR hikoslatdavifisedth otlea$d foriea

fusi on polypeptide conprising regions in a different position in the
sequence t {4 etgln%mﬁgmeﬁl ihBitRR& U Sivo]T MherBgitinREc PRyteinmuaynainkigt ebthete i n
separate profeins and are brought together in the fusion pol ypeptide; or
they may ngaf@hé ﬁol@rpéﬁideidf thdwanwedtind fr fotmiari‘hbngoraaltemed. s Adttrmativel ynthe
arrangenment in the 17 WO 03/012069 PCT/ US02/ 24582 fusion pol ypeptide. A
chi meri ¢ prolteherioprptdiemay abbéd comppsedatimpire thanyoneipehipeptide afydistineti s, or by
creating and translating a polynucleotide in which the peptide regions are
encoded i nsequenate ¢ farth & Gletarponking.” Tiusaa “heterommbimer” is aalsouless ysed

herein refers to a gl obul ar protein containipg_ nor, th}?n one se ac{ate
pol ypept i deomprlimg)@glﬁaﬁtéﬁ"di;tli’ob)@%%@ea%l@cﬁ sree RI¥PEPY RV hergn ?ﬁcgn singl e
gl obular protein jn vitro or in vivo. The | tinmeric pr.otein may consist of
Tore- t hanpehBeRiy i PR Eifscaisnee o te AP R RIPRY REF
Alternatively, the nultj i.c protein may al 2} e t han
one pol ypeﬁ?’grﬂ)eacb‘f regjdue; Eg? Letsfé’ﬁﬂﬁﬁ‘@@’scat“o PS’F%]‘Q% ﬁﬂgﬁg}r}gﬁu%@ﬁg@{tﬁ%hus, a
"heteromul t.iners is e Sl I st .de and
a second porg ahot<Ras BRI g B IHERS chller GREly FrubhRSIWRAL HRRPiLH

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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pol ypeptide differs in amno acid sequence fromthe first pol ypeptide by at
| east one amno acid residue. The heteromultinmer can conprise a

"het er odiwero3/oimsred by the first and second pol ypepti de Per/usan24582 m

hi gher order tertiary structures where nore than two pol ypeptides are
present. Exenplary structures for the heteromultiner include heterodiners
(e.g.7Fv and Fab b ' . e . | exes),
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Nsc Abu that confers binding specificity to a desired antigen. 76 A "first
het er odi nerbydispldde berdse lde imnamegkbulinsspregéntarargafimily sbuyoaksaeles that ch i s
or was associated with a "second heterodi nerization sequence,” wherein the
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| east one agino acjd ..residue, A "heterodinerizatjon pair" refers to two
het er odi mer ilmqn(?ﬁiog’éﬁﬁg}?&@é‘fec é‘b‘élB‘F » 105 eX3pplg; %@)ﬂé %B%‘ihﬁﬂ Oraltered g \Wp

03/ 012069 PCIsUS02/ 24582 77 Th "antibody” d ' f. t
 mmunogl obuI RS Ge Reemefi Tiifehal B teah pip ek el e Besmhiedipg finction of

: | obul i - L ; _bi ndi
LTS8 o RATH Soporien LR Nl RO, OFRD1 ! 0
St t | ' by ' t (6 G

conpr i see. | TR PTRICHBARMAL REFRRADARN (AR e el 8 o (1)
chai ns i nt ebrosAPABGIQLintd kirbl&bhdihd sbq%a-“nmﬁinigmmg* CRY) Bhek BRgSENt a
| arge fam |y of nolecules that includée several types of nol &cules, such as

1 gD, 119G |@ftheirandledutarlsglctuddde term i mmunogl obul i n nol ecul e i ncl udes,
for exanple, hybrid antibodies, or altered
78 Also encompassed within the terms “antibodies” and “Abus” are immunoglobulin

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
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anti bodi es, and fragnents thereof. It has been shown that the antigen

bi ndi ng function of an antibody can be perforned by fragnents of a
naturaIIyWWMBMImmmg antibody. These fragments are col | ectPicraisg2/e4s81ed
"antigen- binding units" (" Abus ). Abus can be broadly divided into
“single-chain" ("Sc") and "non-single-chain" ("Nsc") types based on their
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reci pi ent Bifad Pmassdobylint esi dues froma CDR of a non-human species
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speci9icity, af f‘Nm—ismgimdxaamm&rgeh—;bmdmg wiGte(“Nes Alngd 9ye egeromalisngss k r egi on
(FR) residues of the human i nmunogl obulin are replaced by correspondi ng
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further refine and_optim ze antci%r er]‘or nce and m

i munogeni éPtFSPdW%ThzaiuﬁPrs%ﬁ%eé Wﬁﬁ’aﬁ‘ th‘ifﬁmﬁ’é’ﬁé"?%i anﬁtn?i‘gm_@e%
a1 of at Molepesampapea) PRane sornarengs dbres i MReE CiT AR i1
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munog! obdreRE censingel BEWIE VP, il CAIRRS ] ARG almanon- ILOOT
ah
2t l'east o HNRnE 8t thd VNI donk iy BT E Bea oM RGO B T2 koY) =
that of a BHIRR of TRHRRIARPH dn'bntibody; (vi) an F(ab’)2 fragment, a bivalent fragment

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
20



79 "Non-singl e-chain antigen-binding unit" ("Nsc Abus") are heteronultiners
conprising a light-chain polypeptide and a heavy-chai n pol ypepti de.

Exanpl es wb Bloe206Nsc Abus include but are not limted to PCY/BIDZES2
fragment (Figure 1) stabilized by the heterodinerization sequences

di scl osed herein; (ii) any other nonoval ent and nultival ent nol ecul es
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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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CD3/ anti-p97, anti-CD3/anti-renal cell carcinoma, anti-CD3/anti-OVCAR-3,
anti- CD3/L-Dl (anti-colon carcinoma), anti-CD3/anti-nelanocyte stimulating
hor nrone \apaBoosant i - EG- receptor/anti-CD3, anti-CD3/ ant iPCTCAAL24582
anti-CD3/anti-CDl19, anti- CD3/ MV 18, anti-neural cell ahesion nol ecule
(NCAM /anti-CD3, anti-folate binding protein (FBP)/anti-CD3, anti-pan
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coded for by separate genes, a synthetic linker can be nade that enables
them to becgRfflec APHA-TFirfteteridifietizatiohibeipence)-@econd 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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single chain Fv ("scFv") as described in Bird et al. (1988) Science
242:423-426 and Huston et al. (1988) PNAS 85:5879-5883) by reconbi nant

nmet hods. WDhaH012869 Abus i ncl ude anti gen-bi ndi ng nol ecul es PeTaisnY/245871 by t he
subj ect heterodi nerization sequences (see e.g. Figure 18), and dAb
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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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bound genetic package such as phage particle. 86 "Surface presenting
sequences" refers to sequences that facilitate display of heterol ogous
sequenceswOTgpimed | y, the surface presenting sequences ar @Cprisermssonn t he
outer surface of a genetic package, e.g. phage or bacteria. Preferred
surface presenti ng sequences of phage is plll of M3 fil anentous phage. 87
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am no aci d pre&iNbitke slcadPeSci. TN 6t Al93(H)hI6and 60T )0 tibB3and @rbRi reespitemncbmplexy t he
hydr ophobic interior of the lipid bilayer and they are bound to the

menbr ane s and &sprobgin-ooupled eceptbrs mcluémgdvutnm lmmtdd totopmld tRorhescat gl {RAAMI ns.
89 The ternms "menbrane”, "cytosolic", "nuclear"” and "secreted" as applied
to cell ul a Npwroscems 20031 RSZH(PD@J@‘Q@II etod! (109 DrName 390:6ATpi08). napsgprinigc at i on
in which the cellular protein is nostly predomnantly preferentially
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Domains may also be defined by internal homologles 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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i ndi vidual cell or cell culture which can be or has been a recipient for
t he subj ectlowechdngatidiest) fred fagty iavidb;uad eptragesiymeidts,avisira ghee diamentsetel . The

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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progeny may not necessarily be conpletely identical (in norphology or in
genom c of 24 WO 03/012069 PCT/ US02/ 24582 total DNA conplenent) to the
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host cell includes cells transfected in vivo with a vector of this
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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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naturally occurring counterpart. In addition, a "concentrated", "separated"
or "diluted" polynucleotide, peptide, polypeptide, protein, antibody, or
fragnment swohanewt9 is distinguishable fromits natural | y PGROS02/24562
counterpart in that the concentration or 25 WO 03/012069 PCT/ US02/ 24582
nunber of nol ecul es per volume is greater than "concentrated" or |ess than
"separated!, than that of..its naturally o rri ounterpakt . .97 . .
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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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100 "Het erol ogous” neans derived froma genotypically distinct entity from
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"nucleotidﬁﬁém%pgmégh%gﬁchleotides" are used interchangeably. They refer
to a polyneric form of- nucl eotides of any length, either

deoxygé bonucl eotsl 48R “QhitabdsBPBLHIAQU defl8SstoRl damkakiaes rdpR@ERQN collection of
Pol ynucl eoti des may have any three-di nensional structure, and may perform

any functi géyuek&g\Wiclading Rkiclevtile and pepfidd dequéntgs, svttciniarnuin mpresengaexanpl es of
pol ynucl eoti des: coding or non-coding regions of a gene or gene fragnent,

| oci (| ocusglledebh peBiclogicnl kéfalkeagematesiblgsi s, exons, introns, nessenger RNA
(nRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, reconbinant

pol yn0z! eot i des Ashrsedvbéreih, Ppodipyessioh2 oaferd s thegiroeass by whichot polwuclestileised DNA
of any sequence, isolated RNA of any sequence, nucleic_ acid Probes, and
priners. AtrapstipadiitectRNA andlpr thsmpedesebyrpdiah theitranscribed MENA (alspcielesred

met hyl at ed nucl eoti des and nucl eotjde anal qgs. |f present, Hodi fications

to the nucteatfteaseintids swtscausptly bemgdenslayd IHemaplides, PolyRgHdes Senbl y of
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di stijggt from a polyiuip! LAkidfertMUBR:d 10 a B1Blogicat 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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103 The terns "gene" or "gene fragnent" are used interchangeably herein.
They refer to a polynucleotide containing at | east one open readi ng franme
that is capablbeoed encoding a particular protein after becmgsbrassrri bed
and transl ated. A gene or gene fragnent may be genom c or cDNA, as |long as
t he pol ynucl eoti de contains at |east one open reading franme, which may
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sequence iégggg&g@%§ | inked to a coding sequence if the pronpter sequence
pronotes t %scrlp i'on of the coding sequence. 105 A "fusion gene" is a
gene conposed of at |east two heterol ogous pol ynucl eotides that are |inked
together. 106 A gene "database" denotes a set of stored data which
represent a collection of sequences including nucleotide and peptide
sequences, which in turn represent a collection of biological reference

nateri al S-Cﬁﬂﬁeﬁémﬁaﬂxﬂwﬁﬁbﬁoft@e@aﬁilﬁﬁéntr@f ers to the process by which
a polynucleotide 1s transcribed into nRNA and/ or the process by which the
trangry i bed nmRNAs paled @aboes, properlasstmblysof potypepiidd sptbm)itsits’fembsetqbént |y being
translated into peptides, polypeptides, or proteins. The transcripts and
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t he pol ynucleotide is derived fromgenom c DNA, expression may include
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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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vectors that function primarily for the replication of DNA or RNA, and
expression vectors that function for transcription and/or translation of
t he DNA owORBI1204% so included are vectors that provide nmepca/ushzamssne of
the above functions. 110 An "expression vector"” is a polynucleotide which,
when introduced into an appropriate host cell, can be transcribed and
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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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subj ect heterodi nmerizati on sequences are essentially incapable of form ng
honodi ners either under the specified buffer conditions and/or at the
speci f i edwbadgpizoenper at ures. The subj ect heterodi neri zat iPeA/GSeMERZES NMAY
be al so distinguished fromthe previously enployed sequences at the
structural |evel as detailed below 113 In one enbodi nent, the present
i nvention provides a chineric heteromultinmer displayed on the surface of
the host cell, wherein heteromultiner conprises: (i) a first polypeptide
erodi neri zat i.on. sequence and a surface presenting
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connected by a and a second heterodi nmerizati on sequence spanning the
di stance behyeempétliy 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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term nus of one of the region to the N-termnus of the other region,
wherein the two regions forman intra-nolecular diner via pairw se
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physi ol ogi cal buffer conditions and/or at physiol ogi cal body tenperatures.
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conplex if 1t disSsociates spontaneously under physiol ogical” buffer

condi ti ons WiffedSomitions, and/or preferably at physiological body temperatures. Generally, 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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result of a newy inposed condition or mani pul ation introduced before
detection. 117 Second, the selected heterodinerizati on sequences nust
exhi bit paprodiosmweaffinity resulting in predom nant formaPCeUSet/24582
heterodi mers to a substantial exclusion of honodiners. Preferably, the
predom nant formation yields a heteromultineric pool that contains at
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679-682). Specifically, Kanmerer et al. have denonstrated by sedi nentation
exper i nent slighiar hedvy chhit krodharaiternativeodesigacumplopsa HlexGABABorecaed or 1 and
2, when tested al one, sedinent at the nolecular nmass of the nononer under
physi ol ogi ckatweanihe entdgen-bindingsite pid the betsedimbrizatiop sequepes ofthees (e. g. at
37C). Wen m xed jn equinolar amounts, GABAB receptor 1 and 2

het er odi mer heseromyluaery (Elxer” axiedatein refprsdo adlexible Relypeptide linker(espondi ng

to the heterodi.ner..of the two.se nce see Table 1 of Kammerer et al.).
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contai ns a physiol ogi cal concentration of salt and at adjuste
independent of each other. Such a 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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neutral pH ranging fromabout 6.5 to about 7.8, and preferably from about
7.0 to about 7.5. A variety of physiological buffers is listed in Sanbrook
et al. (19BIposwpra and hence is not detail ed herein. PreCensen24582
physi ol ogi cal conditions are described in Kamerer et al., supra. 118 The
specific association of heterodi nerization sequences typically involves
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to assune a conformations relatively
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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I ndependent of each other. Such a construction generally provides
additional flexibility to the antigen-binding donmain. Suitable flexons
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proteins of Ebola or HIV), DNA binding proteins, and cell surface receptors (e.g.

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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122 A vast nunber of heterodineric receptors have al so been identified.
They include but are not limted to those that bind to growh factors
(e.g. herwouBiomoe9 neurotransmitters (e.g. y-Am nobutyricPagiutp2/248z ot her
organic or inorganic small nolecules (e.g. mneral ocorticoid,

gl ucocorticoid). Preferred heterodinmeric receptors are nuclear hornone
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helical coiT€d coil 15 ohe 0 e’ principal subunrt oligomerization

sequences  irfcdfdit e ARSordfnkly HeYproRAtBNERIABLYBbasses the coiled-coil dimeric

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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reveal s that approximately 2-3% of all protein residues formcoiled coils
(Wl f et al. (1997) Protein Sci. 6:1179-1189). Wl l-characterized
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t he secondary striucture of a peptide can be used | lustrative conputer

anal ysi s usgépdrties 6¥hé peptide0iGroiss ofTusdiioasilpalfed a’ﬁmo a01ds 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
37



am no acid sequence wi th sequences in the database of known two-stranded
coiled coils, and predicts the high probability coiled-coil stretches
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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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providing inproved stability to the resulting Abus are preferred. Exanples
of nodified polypeptides include those with conservative substitutions of
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of (ccFv)2 as depicted In Frgure
multispecific Abus are bispecific and trispecific 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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The H chain polypeptide in this illustrative bivalent Abus contains two VH
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ant i gen- bwodBfgos?tes. Alternatively, the L chain pol ypepCrdsomessspr ovi de

two VL regions, each of which dinerizes with a VHregion to reconstitute

the two binding sites. As shown in Figure 12, the nultivalent Abu is
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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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respective VL an VH pol ypeptides. Alternatively, the nultival ent Abus can
be configured as ccFv-scFv-dsFv. In this configuration, one of the
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sequence, Vi ce versa. rally,
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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acids having small side chains (e.g. glycine, alanine, valine, |eucine,

i sol euci ne, and serine). Incorporating flexons between the two
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present i n‘éaﬁyh'%&ted Ab3§ arBhge i for @fanip, 3n Heetivn systemBysuctons qiantimdomefices
derived fromthe constant regions of an L chain or a H chain. Such
sequences d@nonMaddé, and ithagingafmatastatie ficd asd tuaree igegiegaShigh labels et oetvmeen a
| i ght-chain or a heavy-chain variable region and the heterodinerization
sequence t ¢n Weiarthandtincledd,ibukand not limitddiiq, radiisethpes, prpymesniduareseeyt chai ns

may contain partly or entirely human sequences. 137 Methods for humani zi ng
non- hunan sampbeeseehearibingiapscertromponnds, hioluminescent gampaundysubshittehodi es are

anti bodies in which at_ | east part of the sequence has _been _altered from
Tt initialcofsion ausl BIRISFS. iSContoF EXATRlES RIS teaching thspise P%%JCLﬁ Ghe
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third versio regions a humani z esl gni ng consens equenées 40

VO 03/ 012063 o RSchirRAdinadntrex.

141 Other functional moieties 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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of human and nouse V regions, and converting residues outside the CDRs that
are different between the consensus sequences. 138 I n maki ng humani zed

ant i bodi e&p sBleoehoi ce of franmework residues can be criti ®@al/uSom4581 ai ni ng
hi gh binding affinity. In principle, a framework sequence from any HuAb
can serve as the tenplate for CDR grafting, however, it has been
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chai ns from human subgroup | or H chains from hunan subgroup I11. Kabat et

al . (1987) meveupt ?wmeqmb@exaw, DY TR IS teitotares pEdeMdin; bipobtdmaet, al . (1983)
J. Mol. Biol. 595) are available to predict the ideal sequence for the
V region. ‘pmarbwehydmnlﬂbhd@ streptonyiasisasxdithixguaning, aidfukeilentstard. r egi ons.

It is within the skill of one in the art to determ ne suitable V region
sequdrdes and tmnopoioxinseinchusting sugle chaie molomidioes teqrodusedbli ng
antibodies with reduced inmmunogenicity are also described in U S Patent
No. 5,270, 2ecpmbieantmegns Productippef varipus lm%mmfamis is Avall-lenomyng B dheart, ;gpd

humani zed with retention of high afflcplty he anti e and ot her
favorabl e BRehesdsicanp eﬁ?‘ﬁﬁe?‘{r egampleging Monag tﬂg%@rtox “to a

QLSL%T gdoﬁ%ﬁé’g‘jﬂﬁﬁkﬁ it flig? ﬁéc:f@c’d' ﬂ%@%@%f@%ﬂé@émg ’ﬁﬁﬁﬁ'ﬁﬁﬂ? d
Cequences. MAPaLdRRERE! S%“’Sofqﬁa%&éw?j@rﬁa% BRI 2 208 .f'fé)'ﬁia?"‘dz those
skilled | nc}gnb?r%%lrw Ldi@l ﬁ@@vﬁuﬁtﬁﬁl‘:%ﬁﬁﬁ Hl1udt, |ﬂu‘t'§1ter1fi‘ﬁe and

di splay pr |rren |ona con ormational structures of selected

candi dat e ifpaqg| faBioR BANRE LSRG rhOftoRin, PRERRNIUnaPLANSKIR A, M t S
anal ysis of the 1?@ f/l roo l'e of Crt%%gwrem duerspliﬁg tnhe functioning of the

candi dat e igipRRQEH toRkih Fibin 4 kUL Tafgal toxins suchas fRtcystisaf phosphdalipase t hat
influence the ability of the candi dat e
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.

43



41 WD 03/012069 PCT/ US02/ 24582 i mmunoglobulin to bind its antigen. In this
way, FR residues can be selected and conbined fromthe consensus and

i nport sewoeoe0sd that the desired anti body characteri sPCE/USSRZAFSAS
increased affinity for the target antigen(s), is achieved. 140 The

i nvention al so enconpasses Abus conjugated to a chemi cally functional
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reagent, sUhbseAeqderResMas baatsembitd, frdah ottt Reddors eatodingihetdesireaMprdiein conpl ex.
141 O her functional noieties include signal peptides, agents that enhance
i mrunol ogi gequeacd, ifiom PCRagetasedt fraimenaaising mspectivefhiptage hocleic soidsdordyppor t
vaccine carriers, bioresponse nodifiers, paramagnetic |abels and drugs.

Si gnal peptisedly of syntietic bligenvicteotides ahceding drecdestrbdisequienasst Howerewhl

synt hesi zed protein through a cellular nenbrane, usually the endopl asm c
reti cul um inncleiglegid/ssanences pnepdingribe Abuhate preferabhinassembledrby inErame fBdem i nner
and outer nenbranes of bacteria. Si ,%nal pepti des, ar pically, at the

N-t er mi nal oh6pdingseayeneesp blaxenhUpseibsh abatcecan by i “S?fi g@ﬁ‘ﬁ%\ﬁf“%‘ﬁyrrati cally
bet ween bi osynt hesi s d secretion of. the_po ept.i,de fromthe cell. Such a
pept i de cafompensmit LB t Rehaugip B AE QL tiegnd B ErkBents i of
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cyt oki nes,
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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particularly tunor necrosis factor (TNF), interleukin-2, interleukin-4,
granul ocyte nacrophage colony stimulating factor and y-interferons. 42 WO
03/ 012069WB@3HUBeR/ 24582 143 Suitabl e drug noieties incl ida/zar/24s8npl asti c
agents. Non-limting exanples are radi oi sotopes, vinca al kal oids such as
the vinblastine, vincristine and vindesine sulfates, adrianycin, bleonycin
sul fate, cagboplatin, Ci S Iatin, cyclopho phanlde cytarablne
dacarba2|n.°1-y- L SCLEL LT SepeI 8L | de, doxorubicin
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Al mi ng the Magic Bul Thorpe et al. (19 nocI onal Antibodies In
Cinical Maghdsb fgt sﬁb@ﬁ’@ My birkdl ©Sdesied ariltﬁ;%nlgﬁeh Sdqushdes alsd 9T itaRdip
238:1098-1104; and nter and M| stein (1991) hbture 349: 293-299. Suitable
t oxi ns i nclofteterdmiiiltifiiees dioliving bivlégichl entiti¢s iclading pHbgeslbddiddias othpokeweed
antiviral protein, Pseudonpbnas exotoxin A, diphtheria toxin, ricin A

chai n, fungabkaryotiocns emkartyotis cellss tPréfetred hetemdimgrivatiph s¢queases shewz yn®kQ See,
generally, "Chinmeric Toxins," Osnes and Pihl, Pharmac. Ther. 15:355- 381
(1981); andD'NORoZkonhdl Antibodies for Cancer Detection and Therapy," eds.
Bal dwi n and Byers pp. 159-179, 224-266, Academ c Press (1985). 145 The
chenildgl I'y f unctlnonaembsfisansghis inyentonarayides iokie nalmmgleqt@ﬁs thasengede by

creating a fusiQn gene enc dlng t he Uy he function
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| i nkers, p?(?t herpﬁgognlgha%tt %r ﬁlngah%ftgcge' co SQ§ % ccgdlég Se(%l
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Par amagnet ic nol et
recomblnant polynucleotide comprises two separate coding sequences, one of which

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.
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and the conjugation thereof to antibodies are well-known in the art. See,
e.g., Mltenyi et al. (1990) Cytonetry 11:231-238. 43 WD 03/012069

PCT/ US02/\209821208% epar ati on of Anti gen-Bi ndi ng Units (AbusPCTA®S62/I4582 subj ect
Abus can be prepared by reconbi nant DNA technol ogy, synthetic chemistry
techni ques, or a conbination thereof. For instance, sequences encoding the
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other. To piresinedthbibfetl e bindihg specityldfeiobrigifainiBodyor ned separatel y and
then assenbl ed, or assenbled in vivo by an expression systemfor both

chai ns$2 Such ext ésdsoimdeyssé@ithatcthe polgnadlestides elpoditd anthk éntention tchidet abl e
cell with a vector conprising separate transcri bable regions for the L and
H chai n, orthbse codintg fanfifnetional gquifaestamed frefinents therecdoif thesextmplifiedh chai n.
147 The assenbl ed Abus can be isolated using a variety of protein

puri ficati arwlyneptifes. diresticaabireqiivalehepadyneptidesiachide jhose that pahanees deergssst ed
fromculture nedia as secreted pol ypeptides, although they can he
recovered fordiwef pigaificantly afifges axapertiss ogﬁ@tmiyp&pﬁdeﬁ@m?f?eééheregm dipngtipralt | y
produced without signal peptides.. |f the Abus are, nmenprane- bound, .they be
sol ubi I | zeopwaie&it% Y Ee E%@emj@ﬁf h%%ff?lﬁﬁ@atzmw%iﬁagﬁ%%or&ywa&?&% sans
in the field. ecover may be further purified by salt
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et i o _dIm I
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chromat ogr apfyeofiifCotHl RGnd el sécqiuleﬁcreg,taf.s Q1R hetBimerization 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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chromat ography on tag-affinity colum, or on affinity resins such as
protein A protein G hydroxyapatite, and anti-inmunogl obulin. 44 WO
03/ 012069WB@3hUBER/ 24582 Pol ynucl eoti des and Vectors of Phe/REsE81

I nvention 148 The invention provides various pol ynucl eotides that encode
the Abus of the invention. The invention polynucleotides are
characterized, ip part, nces

. by the uni.que et erodj neri zati on sequ
cont aPfted t her ei Whers dggired; thede %%ntsagﬂu&ﬁ%te SHYFeFPEae f‘?)t%mi%%?&énces
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pol ypept i defrapih irfluSaga ¥ibus hehihgyRitini), 065, FAAE of thd Feeporties offmmadiglobulin,
pol ynucl eoti de conprises two separate codi ng sequences, one of which codes
for the |i gittathivamierS-padsfgreset (G35, axddnaltose-bittkng protés (WIBP).t he heavy- chai n.
150 Nucl eotide sequences corresponding to various regions of L or H chains
of arl55exi st i ng Ehetpobpuyleotidestvan be sdijugatedted varictaafichsateadlydanctionahg
convention techniques including but not Iimted to hybridjzation, PCR and
DNA sequendheigtiesidasenibedimhove | ¢emmopkyemployrdanoisteriariyfe labglscapibis @5 serve

as a preferred sourcge of antibody nucl eotide sequences. A vast, nunber of
hybri doma d%&P @lrt&%g‘?}ﬁ‘?t%e gignaly ?1§‘9aq(5’f3p o%geﬁﬁéﬁg‘e CH SYMULOIREY he
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non-i mmuni 260 1 OABAHS redbmBIHARIDY or B Gther means known in the art.

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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form organs such as spleen and peripheral blood | ynphocytes. Specific
techni ques applicable for extracting and synthesizing anti body nucl eoti des
are descrwbedoize®Or | andi et al.(1989) Proc. Natl. Acad. S$cir/usek/sis8e 86:
3833-3837; Larrick et al. (1989) Biochem 45 WD 03/012069 PCT/ US02/ 24582

Bi ophys. Res. Commun. 160: 1250-1255; Sastry et al. (1989) Proc. Natl. Acad.
Sci., US A 86: 5728-5732; and U § Patent No. 5,969, 108. 151 The anti body
nucl eot i de WEQHEWERSL yog/pgg}eg%de,%@ the; Rgsent yvetion4hlso PWIdleg%gti tuting
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substitutions, anal ogs i ncl udi ng fusions, and nutants. 153 Due to the
degener acy fof fulie rgenelyl Expedsion vB@bR (@adhéxe celtyintiniap kiesy atpradsioan i n
nucl eoti des of the L and H sequences, as well as the heterodinerization
sequences euioks)lohe bé asedaonbtainipdlypeptides piodugedl fyom cheemilydeleatidesvthey or s of
the present invention. Sequence variants may have nodified DNA or am no
aci d sequenegin.obhutable dlonieg adiggiressioni eators idelude aoynknovor indthe arti &g sthosthe
net effect of which is to retain the desired antjgen-binding activity. For
i nstance, \ar ussus beetbdali mgmimplisn.crpasthinsest gad PhagerisplBHePEessioB g Bame-hat
either do not alter_the am no acids, encoded or result in gcopservative
chand®9. These Sigbleiclening Kectors ganhe eRRSHUCEY 2ERPIIIAG Tt teChRIgYRS; Bh.
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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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produced, the substitutions are not expected to interfere with the
antigen-binding activity of the resulting Abus to be produced. Nucl eotide
substi tutwong/otdeed do not alter the am no acid residues @entaser2#8e usef ul
for optim zing gene expression in different systens. Suitable
substitutions are known to those of skill in the art and are made, for

instance, to reflect preferred codon usa in the expressjion systeps. 46 WD
03/ 012069 SERICEIGDVSAYE Jor ej’.@ﬁ@’ﬂgg@ ngﬁc?gaps Rdhs g‘&gﬁﬁﬁl‘? tvector and
pol ynucl eoti des conprise heterol ogous sequences that facilitate
det ecti on mFﬂ@qgéB?%g%WHn and purification of the gene product. Exanples

ot ot 485 sueh s e o8l Bl nbfeuBl bR GibIEy Uekfort BRAFAPARAMAS RO { o
acet yl tr anstaLaseyiebARicle byUTHAE O3 ut QERA) AhUREE 5P 1193 B5( BRIy and
vatl ves. at

their deri er heterol ogous ‘sequences t acilitate

purificati qaiBitoGLHRl RLAIGRChORE PhadGBgdhicdddre aFiﬁi({agI%rfbf_/@(ngtril&H@d nfluenza
virus hemagglutinin), Hs-6, FLAG or the Fc portion of imrunogl 6bulin,

gl ut at hi onezlis?ietyr@aﬁfr.em&ﬁeﬂﬁ&@ha RECtoB dr@ prefdttdtidicdsuse iR LindndelBPinan}t55 The

pol ynucl eoti des can be conjugated to a variety of chemcally functional

nmoi et i es desmeicnestivalphyges oCdiisolatyhavaeary sdueived] andsthéin génogieesladbfiuad eapabl e
of producing a detectable signal, signal peptides, agents that enhance

i mrunol ogi de mehcmalliet than dlgpe of soni-fitimdnamis| phhgdse Reprgsbntaigve ghagesal thit
support, vaccine carriers, bioresponse nodifiers, paramagnetic |abels and
drugs. The clas gwclwle Mah fhefde B dkartl DI, andk 8. sl ghage veasor tyipicaldcisnbi nant | y
or by other neans known in the art. 156 The pol ynucl eoti des of the

i nventi on ARSIt sEPrEshateromaitimens s @asbodspaptides, by durien Wripareeicdli ng
Sequences WL D! e S, NSGLLBLL 0 UOLL £ 00,8 SR Sy gic?
Lot o M A ALY Bl AR T S o B LB RASH B o
cell o SR RSy SRS RS TS AAB S BB TR
gﬁ;alcgﬁ‘gi ﬁir%%B%% *c-anmcggéﬂg% reconbi nant cl oni ng nethods, PCR, or
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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chem cal pol ynucl eotide 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
dat a prowOed/omssei n to obtain a desired pol ynucl eoti de IpgTarspt/aasBng a DNA
synt hesi zer or ordering froma comercial service. 158 Pol ynucl eoti des
conprising a desired sequence can be inserted into a suitable vector which

in turn can be introduced,jnto a suitahle host cell for r i cation_ and
anpl i fi cat it6pIcajieR ap ii%ﬁapyf,y ) E-hﬁ}fﬁﬁi%fh%eao The AR RISteln 9‘§1?1‘f Setsyngsual Bkt or s

ool ynucl cotiHiok Ao LD ARG AR B AT BIsBUT et T Feddiesct apl o
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cubj ect AbdS T SR Ca T B TARET A ef  oRBbar i Wk Bha AL TN
P e i S L S
or as a meafaPleqbitiel KAGwhit6 cRREXBUELGPIn ) @SruaBndia HRRAT-HAMYE th @gehdit Ur €

recovery. EXpression vectors (and host cells containing these exXxpression
vectors) CafhghfenteRdding Okkablbgpd dlgﬁsaprid@,swmpﬁmﬁﬂisfﬂlmmmme with a
polynucleotlgés they contain. Suitable cloning and expression vectors

i ncl ude anyDKA®&ModiAg tHanaiie PRB.c@at prokkase for use in bacterial, manmalian,
yeast, insect and phage display expression systens. 160 Suitable cloning
vectd6S can be chrsamegiercabonstraétiog schersd appdias th gemetating desplayorectosel ect ed
froma |l arge nunber of cloning vectors available in the art. Wile the

cl oni ng veoneinisgkeutews dagvadifrgmacodianenjousphages inokidingdiarteriaplagded t o be
used, useful cloning vectors will generally have the abili t?/hto

sel f-repl i cal™d, Anh§ apdidpbages. < waalth efinfpemation omthe strpetnragofthepeBeni ct i on

Fipephge MSLTEEN TN TR M,
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T oorS, AIBH RLAOLER L5 e iy IR HPRfeagu oo il vendors suen
166 In addition to phage display vector, another class of preferred vector is bacterial

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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161 Expression vectors containing these nucleic acids are useful to obtain
host vector systens to produce proteins and pol ypeptides. It is inplied

t hat t heswoasp1®ssi on vectors nust be replicable in the RCTIUSOL/YAEBL SNE
either as episones or as an integral part of the chronosonal DNA. Suitable
expression vectors include plasmds, viral vectors, including phagenids
adenovi ruses, adeno-associ ated_viruses, retroviruses, .cosmd et c.

nunber of SEYPEEE FBWW@‘@%@F@S@@F% TE2iogs &@%FIBQ‘%I} witiatign sifes HiBspg ceI | s
| udi d. Kk t.h t
e i, et B LS S S RBIR  |,

whi ch tran rglgt%on is driven by the cytonegalovirus (CW) early

pronot er/ enhancer.” Two types of partl cularly useful 48 WO 03/012069

PCT/ 2/ 24582 J [TloTR Yoty e the
g%g Weﬁ%%%f%‘ ‘@t e” i9h ]ﬁa‘&!’r@@%&: Ztithané%éxg dhe c%ﬁﬂﬁloﬁé

phag i splay vector an di splay r niques for

construct i ng pRRAGERNIAS 11¥11\é§§51ﬂfﬁutﬁ1'iﬁ WahdcripabaBE b eb@fg b 6ﬂ1% t@dt (see
review article by Wntlg(ﬁtee et al i % Krrllg Rev. nrr‘(lgme%l1 Ca 33-55).

Both fil ar@fnetéand (id thOB™ dltdcﬁﬂﬁ)rﬁr&ﬂ ﬂldqh@ﬁ@te?emaﬂcbe%oﬁgtﬁutmnh In@cﬁiaitﬂef or
constructing a display vector. Filanentous phage vectors are preferred
because t hdngensalp shegiromdity sequentesis botiualel weitpBagesinad by thesraataipsionave been
sequenced, and their genones are found to be rmuch smaller than that of
non- f i | anerihitiatiopsiteyasl exReyls eparenat (Vdirqetiages influddthe mipinass nimbéuafe ML3,
fl, fd, 1fl, lke, Xf, Pfl, and Pf3. The phage vector typically is
const r uct edbases asetamasnss m@p@ammllm‘tlﬂ@rt@nscélp@lonahtel\'bl@dlytep@bhabe*se by fusion

to a part or all of _a phage coat protein. Suitable coat proteins include
pl 11, VIl bagkgrownd. Wahn the promater seqwemﬁmnpwwtl%@wéﬁ@é wall#s be
|nserted into t a e vector in ch a t integrjty of t he
expressed pPRAGH WE M3HS TEPaR R I%grm F1e otic

Vector . comfBRP: %ﬁi%‘i@d%ﬁf@t%ﬁ%ﬁ'ﬁ@ gffﬁigafvtg%é‘s%éid B s er i s,
|0 befggeen the THEXBIE SHRGRGRSHINERA IRl ABIRA AL ol okSTEL ©f

C|ence 288: or an Ve 'Tusl on si escri bed

inUS Nﬁeﬁi ﬁn%ﬁﬁn&%@lls Q'v%gty%ﬂ)obuyﬁoﬂllo{érs,fb'dﬁi Githt %ﬂ&lm%—bﬁél

pr ot ei ns of t age C
promoters, are known in the art. Non-limiting representative viral 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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be encoded entirely within the same page replicon or on different
replicons. Wien at |east two replicons are used, the plll fusion is
gener al | ywersot®a® on a phagem d, a plasm d containing a peagsove4sgt n of
replication. Phagem ds can be packaged into phage particles by "rescue”
wi th a hel per phage such as ML3KO7, which provides all the phage proteins,

comot 11 oatupbriined ShatoPus T S ry ke Shon Rl S Pang: "
ML3AgI 1 1) tfhat | ack ,or contlalél?F g%tered pl1l to enhance the package
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protein of PF3 is unusual in~ having no signal 'peptide to direct its
secreti on. fheCeEYIeFTE(1985))Ctha BaRtin pesiheteeGuniityar dARG3ET) Ar¥ &4l Aaed.
PHE44- COO' which is congsi st)gnt \.;/svith t he am'én% t erm nus be)i ng exposed. To
construct ®&cli(GeMpg4.7831); ¢lad listoné Héipgoraetee (Guhild/erdd 19880k Viral €2gBTEY)r a
si gnal sequence known to cause secretion in P. aerugenosa fused in-frame to
a gene fr apmaotseametatiothipnainhmomoter Qdolber podly 0O8T), dénl, Gll. dtiok A: 838)sthe s
fused in-frame with a DNA encoding the mature Pf3 coat protein. 165 The
same gener a#t grow haroone prayedten@illeperiad 1985 gbdeld (Gl Figl & 4pl)athehsgiasr s
cont ai ni ng sequences derived from non-filamentous phages i ncl {l;di ng(é%‘1

: t he

Sy it i et AR

tSE:a |t | Z)c(l |r gsf‘fh% %E‘{e‘%e%%{i E%HEE??%&Z?&*?E ebal. @8?2@%2%1135103&%@% theetlor

et er od nertI YRS BUOHEBe thA RSO A valR AR AP) B985 2P B8 ¢ on
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constructi ngosgu %\Eusyﬁq 8y or Btk Bidr¥oteds e WRICh ¥ iBusTBGhjok 1AL FromicRresSthd of a

het er ormul timer,
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
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particular, as a fusion with a bacterial surface protein. Prior research
has reveal ed a vast nunber of bacterial surface proteins applicable for
expr essi 'goaoeobusi ons. Non- limting exanpl es of bact er ipall/tsor/ 24582
proteins are LanB (Brenmer et al. Proc. Natl. Acad. Sci U.S. A (1984)

81: 3830-34; Gene (1987) 52:165-73); OmwpA (Prog Bi ophys Ml ec Biol (1987)
49: 89-115); OmpC, . OmpF (Pages et al. Bjochem m.e (1990) .72:169- 76); PhoE
(van der Ldglagienship withdiintac tabjg fusipp-aepesip. e gxpress Ba‘é‘ior‘gﬁlﬁce& Top
in Mecr obitgl & | munol. 1_$1985) 118: 13-28); pldA (de Ceus et al. EMBO J.
(1984) 3( 8)the PIESIBINUEHEI.5nq t heir honol ogs. Characterization of these and
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present inveéntion 'y conprises a transcriptio a? or translational

control Se%@&pfedrt@ Hivi&IndPIdeRYRASS 6 1hE niIGAARH A t@é&@abﬁalgér?igﬁﬁ{ohpt i on

or translational control sequences iInclude but are not limte

replicati onsgal. 9TRe tepHindédr Q4 _ASOHRIIrSLTY bSiRtding dhSr mBfed@setiptioaghancer ,

repressor binding regions, transcription initiation sites, ribosone

bi ndi ng si ttegninbticislqaérces (suth as pilyalengiaties sequencespand may blom bs lengthehed
transcription and translation. 168 As used herein, a "pronoter” is a DNA
regi on capdl the invliesiorcefi ddditionaldDNIAL sSequence @b abionfilirthgr didtppivnsomptasel wad-
initiating transcription of a coding region |ocated downstream (in the 3
direction) thronght Reeferrashtieteinator sequgncdséortermaination $ites) of the prigentiieention n
general, the pronoter sequence is bounded at its 3' termnus by the
transcri pt ihave aigahe that isdallewedbyatravseription tegpinatien sequsncey pither dfs R t o

i ncl ude the m ni mum nunber of bﬁses or elepents neceﬁsar to.injtiate
transcri pt i SAUARLQILSANANCE OF 8 hEeHREoNs (BN SSAVINE:. WP&FW?W@ pr onot er

o e e lpapEh T apPiceRthelitl sidbsoapnssguBlsgs vaRaus ot ueRhb e hedudticed 9

t 11 _often. .but not. tain t TATAL AT |
065 The. ohalerShaieiie A hidHy PRaue e SRR bl ATpetE e tfinaGf O
the vector o@ds@é 5@%#%?%% B Bd%'téﬁl)usct%ldséa génd/ AhichlhcRes h ARMSLbRIGMOt er s,

both viral & non-
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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pronoters, are known in the art. Non-limting representative viral
pronmoters include CW, the early and | ate pronoters of SV40 virus,

pr onot er swofo3waobous types of adenoviruses (e.g. adenovir PETA)SOADLHS2
adeno-associ ated viruses. It is also possible, and often desirable, to
utilize pronoters normally associated with a desired |ight or heavy chain
gene, provided that fuch control sequences, are conpati?ee.mLth the host
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preferred enbodi nents, the vectors of the present invention use strong
enhancer anhbe peotords e sheipvestar, te wats ptefersblyEoatapised laast teochleetapleessi on
cassettes include the human cytonegal ovirus imedi ately early (HCW-1E)
pronot er ( Boarkensionedbr the exprskiiontgell typa and oB5loy thetamaplfication eelldyperofay
(Gunning et al. (1987) Proc. Natl. Acad._ Sci. (USA) 84: 5831),.the histone
H4 pr onot erseleciablegnarkerdmopvnggghe aryor thpsegescighed hepan may hesedprgyided 1t

met al | ot hi ognein pronoter (Mlvor et ,al. .(1987), Mo, Cell. Biol. 7: 838),
the rat grfamtwnﬁa}%ﬁéprﬁg%%%m ine wiifigad 5 (1985), Mol. Cell Biol. 5:
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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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10939), the SV40 early or late pronoters, the Adenovirus 2 mgjor |late
pronoter, or other wviral pronoters derived frompolyoma viris, bovine
papi | | onewoioss2060r ot her retroviruses or adenoviruses. Pog/ysoupsser and
enhancer el enents of imunoglobulin (1g) genes confer marked specificity
to B | ynphocytes (Banerji et al. (1983) Cell 33: 729; Gllies et al.

(1983) Cell 33: 717; Mason et al. (1985) |1 41 47 Ile t el enent s
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relationship with the intact selectable fusion genes to be expressed in
accor dance necédsarytfbethprsesevi andioegiomoin of 4 FatitulaccaiistypeicWherpas hdeBuds] ect
vectors, the term nation sequences associated with the exogenous sequences
are al so i needitmgupporting hell $irvivabimeintairsethe sipbdity.anombplogy capadiey to
transcribed to provide polyadenyl ation of the nRNA and/or transcriptional

t er m nat i ormetabejirgland patentialyricapacty of el de diffessndiaten p delingdimedidmone or
nore transcriptioonal termnatjon_sequences (such as_polyadenyl ation
sequences) HARoHBg cel]l gz proviies gl ¢ ﬁch&?nFF@S?ng?rd%elu(ﬂﬁo raé‘ﬂgiofi onal DNA

sequence s er disrupt transcriptional
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of such

controlled in different cell culture systems are, e.g., pH, pO-, temperature, and
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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term nati on sequences include stop codons coupled to various

pol yadenyl ati on sequences that are known in the art, w dely available, and
exenpl i fiwo obelwer Wiere the termi nator conprises a genePCTtUSozsRE

advant ageous to use a gene which encodes a detectable or selectable

mar ker; thereby providing a neans by which the presence and/or absence of
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necessary for

vector), a P{%S%Lgﬁs for' th 1n§ vegﬂ’o?s%ﬁ) 601 ell?ﬂlﬁud(e\ (#TOBE{C?EEEIITP ﬁﬁgﬁtéﬁ ﬁlg}ntt he

suc Ker e carrie anot
pol ynucl eo oA hi 61%%9 € tlafiSFel i cﬂfeln' jdefiby irfthose host
cells |nt%b@§] ﬁgé%t E?esgene hgs een |ﬁtro uced 3& sbrV|ve and/ or

grow under ; r??@dlﬁﬁ{’é aﬁé’ﬂﬁl ﬁl{é&ﬁSn intd Bhdhurs &hBfok OAsﬁk%‘sﬁ&en@ﬂﬁ&ikeskﬂlédtlﬁl n(s)
that (a) co resi stance 0 antibiotics or other toxins, e.g.,

anpi ci | I'i nihe@0YEhYdfthesehdthoditiab diskigtaideant@ies and ﬁhs)adveﬁmk eThus, one

auxot r ophi c defi ci enci.es; or (c) supply critical nutrients not avail able
from C0WDb@mcﬂﬁﬂhﬁthoﬂfuf1ﬂhﬂu@ﬂg0ﬁecﬂoﬁﬁnﬂf@p&ﬁcﬂm;ﬁdeﬂt species may hotdepend on
the host cell, and appropriate genes for different hosts are known in the
art. 176 | meeesgnity be thednestieffdétiverfor ardtieerpéant species. a shuttle vector, capable
of replicating in at least two unrelated expression systems. In order to
faci lBZat e such AgphactssinommefasiensInediited reusierds aPGd‘?IIYJSDQhCZ‘hEE?Z stepefet or
generally contains at |least two origins of replicati.on, ef f i" \ie in
each expr @stsqd@ﬁmgy@@f@m intpyplawtoells becanss the ¥ecrei¢as; lﬁﬁr‘édl@ﬁ inte %8 plan

Cyotem. Thiistsdypesmeseatei BEcgRORR AL bAER RO T Eh ARG e
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h h | | f

ot okar yot | & EebipEHutempp %3859568%0%?2;%“"‘?;03@‘;“08” ety BEGL Sug 8 ulll®

replication '\%8?1?81 a?tk ’If‘}{lg@c a&l efsq{lgof%e use %gat[ure ,4%5 fﬁ i} hough

any SU|tabI nown 1 n prOV| rects

replication,nf %J}&u%@sﬁhﬁﬁs by\h%aﬁenﬁ@ v%) rP(Sfth&r @N%Ao ht TEDNAY M6 2 Hode

vect or prefera y contalns at [east 't sel ectable narkers, "one for the
expressi on cggl whdr¥ Redfife it gtREd Infden@ it DN AATHhe T-DRIA istd¢fifed By ¥order

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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sel ect abl e marker known in the art or those described herein may be used
provided it functions in the expression systembeing utilized 177 The
vectors ewbadioexdéd n this invention can be obtai ned usi ng PETArsHL/nEHRL

cl oni ng net hods and/ or by chem cal synthesis. A vast nunber of reconbi nant
cloning techniques such as PCR, restriction endonucl ease di gestion and
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el ectropor g{jhRi (éF)gl.,CBR)QRQd’E o9 fodoprbargieBnikindd RAhest Wel knbWiieahon (where

the vector 1s coupled to an infectious agent), transfection enploying
cal ci um chlfidiebombatlindhiFofbldandR optiglifdduet AOsIBMGyevarEd\badteteran, or
ot her substances. The choice of the means for introducing vectors wll

of ten dependcloss Fleptdssas, lantitye fitosted padticles,|diStal@rbepsdn thdinaalocatiet and any
of the above-nentioned nethods is suitable for vector delivery. Preferred
ani mal cel Ithe stogpiug stredn aideflyie distanpe &ber thbistoppimgrsateemto theltdrget. capabl e of
expressi ng exogenously introduced gene products in |arge quantity, e.g. at
t he 945W0 03/ 01 208%rPCHil (JS0b¢ imdacedintd plamta by disee| DN Adransfeninto poflanasnpl es
of preferred cells are NIH3T3 cells, COS, HelLa, and CHO cells. 180 The
ani mal cel |dgserihed by Zhouter pbdMeihods indimzemglogy, Y33 (188 Bessl fjeranav abl e

di h Ham s F10 (Si , M nimal Essential i M Si ,
RV - 1640 @l 364 DB Hikctsls PRl JHoLdgparer RIED SENVEM S g
i tabl f |turi t he host |ls. | ddi ti on, | mal | I.
be gr own | rserRveRa diaagI £ beReEis Lo S e orenS ERPIaER dactPech
h , h t | fact f th i val
or nones %ﬁﬁﬂ%ﬁeégp ‘%ﬁ%ﬁ?ﬁ?ﬂ%ﬁﬁP@?§p actors necessary for the surviva

and/ or gro e. Wiereas a defined
186 Other techniques for introducing nucleic acids into a plant cell include:

(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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medi um supporting cell survival maintains the viability, norphol ogy,
capacity to netabolize and potentially, capacity of the cell to

di f f er entwetos/o1medlef i ned nedi um pronoting cell growh pr@eirdse2/adse2

chem cal s necessary for cell proliferation or nultiplication. The general
paranmeters governing mammalian cell survival and growth in vitro are well
established in the art. Physicgchem cal pgramet ers whi controll ed
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met abol i sm DSt cells also require one or Tore hofnones from at ‘| 8ast one

of the ol I o MhBLORRS: BYiRlaOk Wbsiellh GRbRAL Mtthhelld (OB SurkdfIRs S, Pl LUl tary
hormones, and peptide hornones to proliferate in serumfree nedia (Sato,

G H., et alyplifuritdndV8diragih (e.£ekbdatidmiieesvans) $higdlrf Nepderidb@iga Neiss@iad Spring
Har bor Pr es}slr,) N Y@1982). (I %)e addition to hor rrtg)nes, cel ka(dr%gy require
transport ph&fiedingispasclelbss Baclis(e®! Bacill{ piblitisand Bacilli Liclenifprait). pr ot ei n) ,
cerul oplasm n (a copper transport protein), and high-density |ipoprotein
(a l'ipid carefesdbly, oy hasticall seatetandingnalvaniounts ofiproteolyfit fragments bf thet | mal
hormones or transport proteins wll vary for each cell type. Mst of these
hor nones orexpreasesipblus. Gunhenlysnipdoyed fewgi (adudihgacasbhertisés ase S. in a rare
case, a nutant cell line has been found which does not require a

particul ar desavisive, Kimyveromsices lagtds (K ladtis), species ofi Caudisly ipeludigg Ke pllficgirsor s
required for maintaining a cell_ culture w thout undue experinentation. 55
WO 03/ 012069dpEg/aleaty bamghosa &1 ulilds Cthémlmlf@m G-,Pa&a%ﬁ'ﬁ& TERDICREES or

Form of whal@ngibar er@ofsmeaalbsrrlass Srbeubrieeresaente Sgwo, " '
d 0fr. introduci t i nt | ant I1's includ
B o e PR P Bl o) 2 SRt St ht U2t ot on.
gene {gganster | &fled ifth 8Shiiie hot Sell [RBILHUELE HE AHuPRATHAN
o ryos. iI1Ted in the art,

injectron into inmature e is evident to one s

each of thefgMRIdIAMmNAT MibRid 25 oAgRIH A9BPLRIWh RitBeaNapbaG@mpld s, one

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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particul ar method of introducing vectors into a particular plant species
may not necessarily be the nost effective for another plant species. 182
Agr obact ewouwaiot206ef aci ens- nedi ated transfer is a w dely apgricsabbesssyst em
for introducing vectors into plant cells because the vector can be

I ntroduced into whole plant tissues, bypassing the need for regeneration
of an intact plant fron1? pr ot opl ast . f robacgt eri um nedi at ed
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nucleic acid to the plant cells, where the reconbinant plant viral nucleic

acid is rabfufdlsfrmadshtitAl0mpoEidoaSinsMaingiacéihésy diagheysieh sbbdrdsant . 183
Because not all plants are natural hosts for Agrobacterium alternative

met hd9d such asTHerlmssdells Biithiomveiitiqr chdeluesd, Snerylidas esposityrid of thed nt r oduce
t he subject vectors into the host cells. For certain nonocots,

t r ansf or matsubjectgfolyieleoitider, vpetatsopd astebicteafolmoduaing andestreeninggleseechAbigs
based on cal ci um phosphate precipitation, polyethylene glycol treatnent,

el ect r opor dteseshon tait aptigds binding specificiti¢tese treatnents. 184 In addition to
protopl ast transformation, particle bonbardnent is an alternative and

convéi®ent t echrieseedingly, e inveatiomgrovides pamethad ofideiyines NseAbwthat isnt host

1. Specifically, th | ant | be .bqnbarded, wi.th mi i cl
coat ed v t HTERUAIFSAFEYS Wyihrder e EAgED O LR BEtOR S QRisbe TSNS e, ()
DNA- coat ed m cr.oproj ecti h&? has 56@/\0 %3/001206%9 P.C_T US02/,24582 beent
successf ul |137€R?§‘8§at netically; diverseAaPertorte A YO ERTSE the FFBPHOUT SORRIseN 4

; | | . i I | ,
217 283- Sodpest oy R ARuE ) SBRetiia fl rebreoid PPl IOUE, s AR 2OV,
cell are ty«*&bﬁ@d Aﬂﬁg@ﬁ’;chﬁ? g{m{@tﬂpmﬁe %}@?ﬁgfb%%%w{lﬂﬁasea{m%e aiddn, heRSS

m croparticles are ava or “exanp
identifying the Abu that is immunoreactive with the desired antigen.

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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BioRad (e.g., Bio-Rad's PDS-1000/He). Those skilled in the art will know
that the particle bonbardnent protocol can be optimzed for any plant by
varyi ng paoaaoi®ss such as He pressure, quantity of coat @dTas02/2458ES,

di stance between the macrocarrier and the stopping screen and flying

di stance fromthe stopping screen to the target. 185 Vectors can al so be
i ntroduced jnto_plants by direct transfer into pallen as described by
Zhou et al .Abq%%lﬁaa@mhoférwﬁ%%@b@gm 3 /Y Yasiegipn O%Fhl‘i-ﬁg LOYHEEr n Rev.
Cytol., 107:367.(1987): .Lug.et_al .. Pl.ant | . Biol. Reporter . 165
(loss) ACPRPRUNTREFY: I RGBS Bitleebdf ot sebdign TG affionl fioe
organs of a_plant sScrj P e . X 87). 186
Q her techr{rllqﬁcese'f g@eg%tproggﬁgg%gpnﬁgﬁglg%t ’%%lﬁgén tlr%%g%ﬁ’p?lgﬁ?mé%ﬁ &lﬁﬁcl ude:
(a) Hand | L@t : ' R [ pH,
o ol (Gt REbi B pdOR B B B R S S S O
(usual ly aQQH{edn%pgen'Owe to four drops of the preparation is put onto the
upper surface of a leaf and gently rubbed. (b) Mechani zed | nocul ati ons of
Pl antjgBeds. Pl andlidiRatively) epdoifid BiRGingft6 a ghf @i p8caAbeHRERYII WY cell sorting,
(gas-propelled) the vector solutioninto a tractor- driven nmower while
cutting thayvlictaieslvedbieseniilg thelssiret Aatigdnaoit thoeelld 1o bersorted] tiendabdlingubet or
sol ution sprayed imediately onto the cut | eaves. (c) H gh Pressure Spray
of Single LageesllsSithghbugthatrare coupted tatdetaembteoagentssivllobed pg sémuratexg thy
spraying the |leaves with a narrow, directed spray (50 psi, 6-12 inches
from t he | dalfejedcentls diom thy vajabelsdionas il acell spstenr Asephistinatadreell serargishf er ed
vector solution. (d) Vacuum Infiltration. |Inocul atjions may be acconplished
by subj ect imethed isfbioresserpgractmated cell sasting A ¢ | Gells dryelinginsingle fleina
environment_in order to cilitate infection. .57 WO 03/ 012069

ST US02) 583110 Arcpitsrd SeAEhia 185oR bORmCAAIGS fIgorestens HeFis gL Rppndsdi ng

t he subj ect, vectors ar kar yotes and eukaryotic m crobes such as fungi
or yeast cdPf ﬁ‘.lorgﬁﬁelnﬁﬁ E@%[?go’%ﬁ X (Sl?eé’smeasure%'

196 Subsequent analysis of the eluted Abus may involve protein sequencing for

delineating the amino acid sequences of the L and H chains. Based on the deduced
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.

60



for this purpose include bacteria including Gamnegative and G am positive
organi sns. Representative nenbers of this class of m croorgani sns are

Ent er obacwerisat®wee (e.g E. coli), Enterobacter, Erw nia, PKirdisez/2isBa,
Proteus, Salnonella (e.g. Salnmonella typhimurium, Serratia (e.g.,
Serratia marcescans), Shigella, Neisseria (e.g. Neisseria neningitidis) as

well as Bacilli (e.qg. Bacilli subtilis and Bacilli Ligcheni.form.s).
Pref dP8bly, the sfoid petential di E‘?e%ﬁwmeﬂam%méf&%sa‘ﬁ 9@?%reflr agnent s
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protein assdy known in the art. For exanple, the 'presence of transcribed
MRNA of L Ghattix @h@iwashi@ thdonSielifie phagesP@icdehaiairpchtapel it digplanthefAted by
conventional hybridizatron assays (e.g. Northern bl ot analysis),

anpl i fi cat iwith the@esiged finite cgh bdJolleCi&) by SAshing thésantigeh-afifinifyanatbix66ith 937) ,
and array- based technologies (see e.g. U S. Pat. Nos. 5,405,783, 5,412,087
and 5, 445, GRdieaseusidagconditizine suitabigfoe degestionyatithe cegvage gitonSwh digastion

pol ynucl eotide. 189 Expression of the vector can also be determ ned by
exan ni ng tweuldirieasg pheedbesifromshe/phage pgrtistest echni ques are available in the
art for protein analysis. They include but are not limted to.

r adi di%munoassayAn akgrnaiverpgsduee tojthk e ve dniorfakeile ahfinity matgy yetjeh has

"sandw ch" i nmmunoassays, | noradi gnetrjc assays,,in situ, i noassays
(using e. dgetang Ith‘?)?tﬂ%ﬂg%%ﬂm‘ég %‘i/?f‘ebaﬁwntagﬁﬁrtié@%?%"é‘qaﬁb £ Hg]]ﬁ-lk-ffsaf; n bl ot
anal ysis, inmunoprecipitat.i SsSays, d nof | qur escent assa an

PAGE, Sps. 8T Vel BY bBean S PSR bR sxeR eudric ARa% Shn 05 1 To Rl
vectors and_h | | t ' el . tides
and vect or g[ratl)jg%%lﬁlic@ clc)irs%\;@%\ttﬁegg oﬁ%l@e%ﬁéé@g%? Qéf&)bgglpf £ glgg%gggeq%&l%gyﬂagg useful,

for exanpl %nﬁlfheﬁWﬁl@hQiﬂg%Mﬁéb@é@ri&@fs.the production of both Sc and

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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Nsc Abus. The pol ynucl eotides are also useful as prinmers to effect
anplification of desired polynucleotides. Furthernore, the pol ynucl eoti des
of this iwomawimn are al so useful in pharmaceutical conp@€irtisons4s8ncl udi ng
vacci nes, diagnostics, and drugs. 191 The host cells of this invention can
be used, inter alia, as repositories of the subject polynucleotides,
vectors, or_as vehicles for produci ng and, screening desired Abus based on
thei r ant i gBaSCOMPrISINEINCVEEIO e present Mverkign hgi'y  t he i nvention
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Laboratory Manual, Cold Spring rbor Laboratory, New York; erardi et

al . (1990) ixto alhwsticedl poshibleh . The 26lebiontdY. redgepisathht fiicilivbdelimrdyi dfithé neartetesi r ed
bi nding specificities can be detected directly by i mMmunoassays, for

exanpl e, bynayeacy tepenlaigaingte pakicslaniradsfachion antrifeption mdtled used. Thedds | i zed
on a solid support or substrate. |In general, the substrate to which the
anti gen i s najyradscechnitain feagents asadul far genematingrlabeledepaiyiclgotige grobesor | evel of
non-speci fic binding during inmunoassay. A 11_‘)’ﬂr§eferred solid, support _is made
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of this technique 1s
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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conpetitive assay, in which the antigen is bound to saturation with an
original binding nolecule. Wen a popul ation of the subject Abu is

i nt roducewotod/ordeed conpl ex, only those that exhibit hi gherChrusd/agsaffinity
will be able to conpete, and thus remain bound to the antigen. 195

Al ternatively, specific binding to a given antigen can be assessed by cell

sor : LS?’blt h%&iﬁai@?%ﬁéfﬁﬁgﬂryﬁzgﬁbﬁ BoriigoRlo bW Ton ik PR BB G: o

t ect t . db ' . | f

unl abel e JRBE i 8 LB SRR Ol g L LB PR BE N 00 o
1 BEH “EBPERITA paratiton - éthod

in'a 71 e RPE St kbl e fEaR R LM RO o of

each cel | hayung, pys be%?@ltl%él'ﬂg{a?ﬁl% L¥d WEPEAGHAO disd BefifBiaRy hed: 196

Subsequent ‘anal'ysis o uted us may 1 nvol ve protelrn sequencing for

del i neati ngo%é?ﬁerw oA e REMHRR 66veRh tHe @rloxI kit 3F Bife frasad aga t he

deduced amho aci'd sequences, the cDNA encodi hg the anti body pol ypepti des
can then bemighiaidife dPanbBeOwBiTona alsinglQohae Firahtisdy frapedantl(soBv)PARe | i brary
screeni ng, honol ogy searches in existing nucleic acid databases, or any
conbi nat i onscFhasfitesh-bisdingonit s ortyrhhifyiediztedfdabs ¢oweved, soiae beRv @oteingatre
limted to GenBank, EMBL, DDBJ, PDB, SW SS-PROI, EST, STS, GSS, and HTGS.
197 Wen t hadsoreystableoi The polypéptidé Bnleir sp$ckivendn auterféra yathobinding iresdné cases.
particles, selection is preferably 1;;erf.ormed usi ng af fini t}é o

chr onmat ogr afinterthain disuliisle bop@ hanalse beendoeditsed inte Fhesiranaewirk aegiepsaint \dilr e of
phage Abus to _an antigen coated plates, column matrices, .cells or to

bi ot i nyl at ead s tojermiardisdfide-siabilized Fu(dsivhy Thegntycentigyrationalgehasy,
bacteria boupd to the soljd phase are_washed and then el ufed sol ubl e
hapt en, aciRiolound ligyfations. A} fteéﬁmiwewf t"l"‘h&%%ﬁ’fﬁs %%@P%‘ﬁ'@ﬁ@nﬁf

anti gen can b d to di i at he Ab f h f fini trix. F
Cortoin AbdenapiEmeaons s i He nkrchu oS yncs SPhd ¥ivE o v, el o "
efficient el i on £ equi. igh pH or mld reducing sol uti

desl:r: bed ilﬁ%%\%@%’i‘&ﬁf%‘%gn Ig0353012069 PCT/ u,sgz} 2?1582 on @

207 We have devised a new strategy to stabilize VH and VL heterodimer. We have

D

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
63



198 To avoid potential difficulties in recovering the bound Abus with the
desired binding specificities, protease cleavage sites may be introduced
bet ween tWwe oaet®rodi neri zati on sequences and the phage co&CTArsor/aiss

enpl oyed for displaying the Abus. C eavage sites applicable for this
purpose include but are not limted to Factor X, trypsin, and thrombin

Ejrg'? ?:QQ' ;hﬁrﬁh%%k%ﬁg iR y&sﬁbé‘%bﬁ & g ?;ﬂﬂaggf KeRGheg rﬁ#w%ﬁ%n@%%@ﬂiﬁét h
ant | gon- af FPTREDerRATA SRR B tnE s il gt?OBlnﬁfP‘P FOABERY g PRI N
dl geSt I on %i‘la.{a %Atﬁ)%.v e édlfe COﬁLégﬁheﬂb&e&tSb Orvgelglll gu%%ggtq SS us f rom

the phage par ternative procedure to ove I's Fo t ake
the affini Hﬂnc{@tl‘nlre{ 0 ﬁ?at%sse ﬁe‘?‘tﬁ@é f‘(‘)‘?goﬁsﬁ‘ﬁcﬁ&ﬂ Ml@t&o&%ﬂﬁer@glﬁﬂeasor
bacterial par es an extraci1 elr nucleic acids, for exanple by

boi l'ing i n 3BSSPinkineQMits Ext racted nucleic acids can be used to directly
transformE. coli host cells or alternatively the anti body encodi ng
sequexpoes can beye ARRd mbiididd e Fehbxys torhiriigiof @R learidr GRE demaidd By Bliding a
efficiency of selection is likely to depend on a conbination of several
factors, i rtdxoflfSgArpElyGINELiGs~ af thdastinsteaminme of GRInpdwWERh domgainatd whet her
mul ti pl e Abus on a single phage or bacteriumcan simnmultaneously bind to
anti gens orpravidohdditiengd flexibility Eothedk eagins, Tarfuitherditabslizg cchiv.fweshave

di ssoci ation kinetics (and weak binding affiniti esfy shoul d be retained by
use of shorinireduchés paimof cysicinerasiduies by agdingdValHyglyCosasnaser af dhesCigrming

antigen at the solid support. Conversely, the selection of Abus wi{h slow

di ssoci at i o¥ thagailedjcel. 1&1@%@6@ m%n%qrp,fpﬁe@,tggl)e HtepRinps, We‘ﬁ by
ant ge '°”%9¥i'3ﬁeﬁaglas€t? FeaRCEt g MIBETEGRICOEN LG Baimp Befebpiasidandy
anti gen :

| | d d.Ab
foper to ?2 o Asgyed By aHe: by SRVRE TG 01 LGp SRR s BT ¢
| sol ate, Tofy exa Lﬁ% e phA QR aP S ﬁ&% RIS Mem@pt oi re

enabl es rapid’i'so esire Ifrcities.

i sol at ed A%ferwﬁleﬁﬁg’tﬁo;]b g&fceéimfe%m e Gk be eﬂllaﬂausmhﬁns Tﬂ% &tai n

t hr ough conventiona oma or transgenic ani nmal technol ogy.
(approximately 35 kDa) is smaller than the conventional Fab fragments (approxnnately

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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WO 03/ 012069 PCT/ US02/ 24582 Kits conprising the vectors of the present

i nvention 203 The present invention al so enconpasses kits containing the
vect ors oWotohios2069 nventi on i n suitabl e packagi ng. Kits enireditesd2/sse hi s

i nvention include those that allow generation of Abus reconstituted via
pairwi se affinity of a unique heterodinerization sequence pair as

descri bed hereinp. 44 Each kit, necessarily conprises the reagents which
render the%@ﬁ?@%@%ﬁ@%@ nto a host cell possible. The selection of
reagents that facilitate delivery of the vectors nmay vary depending on the
particul ar transfection or infection nethod used. The kits may al so
contain.re I ating | abel ed pol ynucl eoti de probes or

pr ot ei nace%@%é@g%%%t\g%ﬁ}%n of Abus. Each reagent can be supplied in
a solid form or dissolved/ suspended in a liquid buffer suitable for
inventory storage, and |ater for exchange or addition into the reaction
medi vy when  t he TexRAEFRIALdidptayPRICiR PREEMX 1 Sutl pABM XD afdf@aéradifforpr Ovi ded.
The kit can optionally provide additional conponents that are useful in

t he procedybRiesctit SK(ORIA ofighe ApslpestEdticn siftoWariatroduted dnmmediately afidrtlad t o,
buffers, capture reagents, developing reagents, |abels, reacting surfaces,
means for pieheet bpRCRebastd site-diasaiddanptapesssisunith o5t of pricher (pB-pKet | ve
information. 205 Further illustration of the devel opnment and use of Abus,
pol ynucl eoty GEAATEGTOASGCEHA THACAAITTAGCCHTEHAGACAGGASAGNGRT A i Aur e
provided in the Exanple section below. The exanples are provided as a

gui de to a GEATEGHY iand@BSo$Kbrdinary skill in the art, and are not meant to
be limting_.in any way. EXAMPLES Constructio f - S - i
ant| gon- B REATCOTCRTAGS TQHT BorTaaEGAERaREAA R A ERTIR A AThe F

ant L gen- bi SIS e PR Bu R st A by prlinpdgr Gt BR hgiop- and

l'igh hai i d N )] -sh d
| munog! obu AT e draneds AR SRR RIS ASTBS e REPRILERRE eher oy
bet ween thegr %tvggh%/{)slﬁllégﬁgé itr}é{gﬁl&%(%%ﬁ%&' scfichcBED £5rh 87 Jrage piRiab! € for many

applications a
(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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WO 03/ 012069 PCT/ US02/ 24582 condition. In a naturally occurring

i munogl obulin (e.g. 1g), an interchain disulfide bond located in the
const ant wormaion®eCH and CL is used to link the VH and VLPCThiS®2/2458nkage
makes a stabilized antigen-binding fragnment Fab with a nol ecul ar wei ght 50
kDa. It has been shown that the VH and VL fragnents can al so be

oL gLaL Y el choReer et AIRLLRER AL BB A L
i ngl e-chain F i hod t i 3 i gen- bi ndi it i
e BN RS BN TRE b BB o S IR B 19,
e, oL YPegbh sl (NS G E A BTSRRI O oo,

regions i N Mes es%/fontoqgﬁegém &ggp%gi(f)ﬂ’ c‘iﬁugﬁ Akt &ﬁ%e%\r%ﬁgféﬁ% ph;[éke dsFv

configuration also has oun imtations. The introduction of two Cys
resi dues i @ﬁﬁa&e"ﬁte@é\iﬂe@iﬁikcﬁbﬂ%ﬂ@lpel\/ dp@lhéh 4s§0DPNS may change the

i ntrachain disulfide bond in or , therefore interfere with antigen

bi ndi ng. 207 W& have devised a new strategy to stabilize VH and VL

het er odi mer. We have designed and used a uni que heterodi nerization
sequence pair to create a Fab-like, functional artificial Fv fragnment,
nanely coiled-coil Fv fragnent (ccFv). The heterodinerization pair were
derived fr ®ABMXSrmdgARMModNectorsscept ors GABAB receptors 1 and 2. The pair
of sequences forns a coiled-coil structure and nedi ates the functional

het erodi nmeri zati on of GABAB-Rl and GABAB-R2 receptors. 208 D stinguished

T BAe oY gl Bt e S eS0T SRS L RREE RS, T o
B A e
TP 21 SRR Py e SR o R P SR (105
et o100 TIGAARR SRRV CECREAR SN BB v vo. 11 fact

by Kammer er et O e R R R W RATNX2 b9 Xl o
Cterm nal sxegWaRERErd, 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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capabl e of form ng honodi ners in physiol ogical buffer conditions when
assayed at 63 WD 03/012069 PCT/ US02/ 24582 physi ol ogi cal body tenperatures
(see Tablwolb3woizkanmerer). However, none of these resear ®oaresonbssner e
involved in the original isolation of the GABAB-R2 gene and the
characterization of the coiled-coil sequences describe or even suggest the

use of this upigue heterodinerj zatio uences for construction of
het er onul t QBRI @%@HH@@Z&HWQ@WW%&H@ i1 .enéléfé’liw R8P agﬁ)%‘irﬁf‘:éﬂpqrhe

car boxyl term nus_ of 1. and GR2 domnai by adding a flexon

" Ser Argd y&* ?ﬁ%’noﬁe@ﬁﬁp e%%chélﬁmtm of GRI and GR2 donmins to
provide additional flexibility to the V regions. To further stabilize ccFv,
we have introduced a pair of cysteine residues by adding "Val dyd yCys"
spacer at the Ctermni of the coiled coil. The GRlL and GR2 domai ns are
fused to the carboxyl termnus of VH and VL fragnent, respectively.
TheVH GR andmyle SRR hidSdi HNSF MRIcBoi RE®ssed in E. coli and di splayed by
phage. As shown rn Figures 10-11, functional heterodineric ccFv Abus
stabidiszed by t hentibaaaivheible bheids Gohl atiibotilyx AMIT evegenidthedlintSpABMXEE
coiled-coil heterodinerization sequences are about half the size of CHL
and CL donwicttor to dxpression cchafipgmentréthe vectdbwkDtheniistraduatd mito ¢itken TiGHe
conventional Fab fragnents (approximately 50 kDa). Because of the small
si ze, the celwver Bhal ce¢lls. ddeitaasionnsd bacterpan A0 indl 2xY Theangaining epprioximately
clinical applications such as tunor and tissue penetration. Mre efficient

expr essi on 18Adgdnkesrbgnieiflincand\0.1% glugese frem 2 fogle welopy vas gravetos@Pedor &7

assenbly of VH and VL regions due to the pajrw se affinity of the_unique
het er odi nepRRe¥iBItd B, st bs 11%4(%%11)@5%‘7"6%‘1‘%‘]@113%%4 by 1’64“"30?%&&&- Jﬁ%t

Bact erial elétte%waxg@i 75 3@@%&4@%@5&2@% i g | 55%&%@&%?%%%@%&%&%& 'k
Mer B i A B. L E i . OM5 '
ONA g)nt(cji ot paSuRetten b2 SRRyt (oot R Wl RS o tifis
St at agone: P S T Rody brp e el AP A S and bt fob 4720

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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64 WO 03/ 012069 PCT/ US02/ 24582 Exanple 1: Vector constructi on pABMX1 and
pABMX2 Vectors: 211 The phagem d di splay vector pABMXI and pABMX2 were
derived fwors/opebuescri pt SK(+). A unique Agel restricti oRCIIUSO2/ES2

i ntroduced i medi ately after lac pronoter by PCR-based site-directed

nmut agenesis with a set of priner (pBS-SKa: 5

GGAATTGT GAGLCGGA AGGAAACAGCTATGA CCATG 3' and pBS-SKb 5
CATGGTCATAGEFSY TATCCGCTCACAAT TCC-3'), and the Xhol

e e AT L T
o eI SNELALL o SIS GEERS ol B Tl gone

| eader se \ ' I j ; ;
(ATCAnARAGIETIAIN e oo s sbpeptid ysston - selontag ey sene f ooy
for pABMX1)ARf] eibBdy ﬁﬂ&lgABMﬂ@%&@r. TGl cells carcl:qgin the phagemid vectors were

( ATGAAATACCTATTGCCTA GCCCCTGGATTGITA  TTA GCCGGCCATGECG, for
PABMX2) andsupériffetisd 6y K7 helper phage. The infected TG1 cells were grown in

( DHt ag) ( TATCCATACGACGTACCAGACTACGCAGGAGGTCATCACCATCATCA CC ATTAG), were

cl oned i nt 2xHAiHapbt 3064 ovarhigh( Fe. philgemidesantitlengerequredpitatad ey

desi gnat ed pABMX1 and pABMX2 (see Fig. 3A-B for restriction nmaps and
sequences) . PEGNagi dtony owltire supsommtads byics dind geshspeadedin BBSreTke anitbodas Nsc
Abus were further subcloned into these vectors for periplasmc expression.

pABMD 1 andlippi@wdonphageives defsctpdbby anidecrdgndiperetivityvip phage EIIA assay.
PCR-amplified fd gene 11l (or,gene 3) fragnent flanked by | 1 nd Sal |
sites was iRPaeht g atigsns,wenmirstgogtes annptd éé@@fsﬁ-s@’%negé% mﬂ&%ﬁ Llo?rlﬂ@g: the
heter ol C)goupshage solution was added to ELISA plates. The phage bound to antigen was detected by

CA P v
\J

incubation with HRP-conjugated anti-M13 antibody. The substrate ABTS [2,2’ Azino-
bis(3-ethylbenzthiazoline-6-sulfonic acid)] was used for measurement 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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sequence to be displayed can be inserted after the | eader sequences. The

| ac pronoter drives expression of the plll capsid fusion, which in turn
can be diwploageweon phage surface after superinfection bycChaiSpzessphage
such as KO7. PABMX5 and pABMX6 vectors: 213 These two vectors were derived
from pABMX1 and pABMX2. A synthetic DNA fragnent flanked by Xbal/Ascl site
at 5 and Mul/ Xhol/Notl sites.at

3 taining. the ri bi ndi
sequence SPRAYSRABEAES)Iesk oéétﬁ@n@elné%%g}lga é&%ﬂ%ﬁ@&se %%Xrﬁe AN M9
AAATTATTATTCGCAATT TT JGIT CTATT. i i nt
pheind ;pw)zv%ﬁr%%%w %_Lég%{@ﬁe%%a&%%%?@f oer%%ir‘?ﬁ%%%?n:gj_” °
. ﬁ?:l' Eﬁ%ﬁ @E codin
segu_ence (I@ih‘g)mé)Of&ZT%ﬁ@g#?%g%%%%g@ tl ﬂé;ﬁi[eea-ﬁﬁq%rg;ﬁot e [Eg‘ﬁg VL )
domai n wer ?rdgﬂégf%st\feﬁe aa%&e&bgﬁg&\ I\%@g%g%m%ﬁc ThERRP&Thént Séaleda c%g\éle mat i c

representati e vector B pABMX6 are shown as Fig.

These vect QeperR¥RIKIASnE WP ABREERVD its Yhe vl ﬁﬂ@eﬂﬁ% nder one |ac
pronoter. pABMD5 and pABMD6 vector: 214 The ccFv ragments from vect or
pABMX5 and pABMX6 vectors were subcloning into pABVDI and pABVD2 to yield
vectors pABMD5 and pABMD6 (see Fi.g. 6A-B for restriction maps and
sequences) .Exhhpes.vBisptiyofespvensisondlwoFpowpkages: VH GR1 and VL- GR2-pl | |
fusions. The expressed VH GRl1 and VL-GR2-plll fusions are secreted into
peri @R@sni ¢ spadihe AMarseFdifmementavasdirst subelonjvigdute phagemidevecior pPABMBI Bt 66 WO
03/ 012069 PCT/ US02/ 24582 donmmi n heterodi nerization. The assenbled Abu is

t hen di spl dheHindilIAbsites. TGl coslle partying thiephagemid vestororerp éferded Bhtges such

as KO7. Exanple 2: Expression of Functjonal ccFv 215 Anti bod i abl e
donai ns fr ﬂ@hph%dﬁh\ﬂh@\@%% WisEq E}H@ngaffﬂ%ﬂﬁmatamécg g?get%ﬂr@ ressi on
ccFv fragnment. The yvector was.then intr dinto either T cells or
551 col | A ABT BReER oK agar PSSR %@86 particles.
. SO 0 . _
o v ekt ek Bl 8855 Maed Wil FRag) wicRublol €87 6o bEGHEA with A
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.
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(approximately), at 37C. 1 nMof | PTG was added for 4 hrs inductions at
30C. The bacterial pellet was collected for periplasm c and osnotic shock
pr epar at iwn.030wepel | et  was resuspended in 12.5 nl PPB bweCrarsot/2482 ng/ m
sucrose, 1mM EDTA, 30 MM Tris- HCl, pH 8.0) with 1.25 m protease inhibitor
cocktail from Sigma, and put on ice for 20 mn. The supernatant was

col | ected by spi nning he, pel | et su ngded in 5 . MgSO4, and

i ncubat ed g‘,ﬁchglepgpnéég?ﬁt lcatign Oﬁl\é%ﬁg?ﬁfsﬁgggwﬁﬁeﬂ@ e conbi ned,
and di al yzsd ‘%gai nst PBS. After loading to a Im of N -NTA colum, the Hs-
tag protei RE®HMFY purified by 350 mMinidozole el ution. Figure | OA shows
that the purified ccFv has an el ectrophoretic nobility of 35 kDa on a

non- r educi EQalasiev:%ﬁehmamemﬂ-cWﬁﬁagre@ﬁuﬁianﬂloa@mmr%iyon, two subunits
corresponding to VL and VH were observed. e upper band was confirned as
VL-Hi_ s-tag fusion by Western bl ot

. | is. 216 he. bi ndi
sp;ap??? ci 'Ey (2)f I J@ld@molast}mﬂ@&mﬁvt-@ﬂﬁ%%da@l ’éll %?/ASW%.’%?;’F%&]C a‘%ﬁﬁ%ﬁe.c&*ﬁﬁ%%ﬂé/gj .
antigens (0.2-1ug/we]l). were co 0 es for _.overni a .
A A rmlﬁ%% ﬁz%@ﬁm&ly et S RLeniionnt pRASS, W Pt lalitheBheq (o
t ELI SA i bat ed,f 1-2 b d
Nbus vere NS ORteceR FRT L0 Wordys THE ptiie! RO GRRSERIU s miiic 100N
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Sasently ofN ROR hlect iR Gued Wi S oSy edilieBed Mutatio GPTHOT &L Ne
het er odi ”erlpzaf%Q?oﬁﬂﬁgﬂF &ﬁﬁng@fﬂhé’@oﬂﬁé@&@&%@ _s%’e@ﬁé{?@‘?e’ir?éxﬁ%@n thatanpl e 3
al cc ody by

Di spl ay of "Function v 217 Display of anti a genetic package is

a pover ful cbaed oh NudB Mbdsodh 96 wedl [te wesdaftibd sutALfidr bitkinarvith bydmaki es.
To anal yze whether ccFv can be utilized in a phage display system we have
const r uct egn RBRhEQENI Ubteef pldgebin 26 beillgPBS gvete Addeden eheokell, Abd irrnbatbd fyr i nt o
pABMDG6 vector. TGl cells carrying the phagem d vectors were superinfected
by KO7 hel pdoupse geom Tdmpdratiec Phape BGlutioalwas theer disgrdadnandithe JseHs wengp/ Kan at
30 C overnight. The phagem d particles were precipitated by PEG Nad from
cul ture supeshat atinss withdBSTaddYYed M@p@ﬁ@é@PBﬁ) BB& timea vatiHBp Bpund

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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di spl ayed on phage was detected by antigen binding activity via phage ELI SA
assay. Briefly, the antigens were first coated on ELISA plates. After 5%
m | k/ PBS wbDaski12eg9 the phage sol ution was added to ELI SAppiraise®s245¥he phage
bound to antigen was detected by incubation with HRP-conjugated anti-ML3
anti body. The substrate ABTS [ 2, 2' Azi no-

gfcff l‘féi’zﬁtyzy' The. SFESCORIS {é@?éﬁ%%g%tﬁ@ééﬁg%?@%&ﬂﬁ% AL SRS GBP ns
i spl ayed o age ri . e, ant i, HA.ant i. . . . 96-
EL?Eiszfgtﬁgpﬁggﬁﬁg§$;§geé%ﬁig35ﬂgﬁg§hggﬁﬁ%ﬁggH§§%¥?$€§%%¥?%§%y9§§§fegeLL

si ngl e- cha?’. V@r‘ﬁ ?%%%i;le}’ épl ogﬁsg%meég% gg%ﬁ%%ﬁ%ﬁ %%p-a(!}:{?)irﬁr%wggg%ehigc ngﬁd

Sckv phage'a@ljjﬁfy. 3y dé%’ﬁor% WAt 9%&# ﬁ’et A tRiedtieasti RhidIg for aRakddy ty of

ccFv phages i s~ conparable to that e convent’i onal scFv phages. For

certain ool &yRESEThAIORGIREeicd bMBky bF AN BORAid bt ycTive Takrost one
order of magnitude hi gher than phages expressing conventional scFv (Figure

11 B). ThuSyantsfork sGuculeWTANPRahsiAbdiofy VI sdenViiregibaysach oas subchined én
particle. Expression of Single-Chain Antigen-Binding Units: Exanple 4:

Expr essi on tetogepeading positioscdtwezibd pABMBSRs dedevibedisbayeb BriefliyngH waso

sol ubl e expression vector pABMX1 at the HindlIlI/Notl sites. The

peri pl asm dinkedpethaiN-emmias of &R 1, edd Vit wasslinked it thedN-d¢yonirys of GR2, kDa

anti body protein purified from N -NTA colum was confirnmed _by SDS-PACE 68
WO 03/ 012088speaivel)s0@R246 82n fugedity pIIE in erder ipalisplassthe gcFpantjbody fragment to

anti gen-bi ndi ng specificity using ELI SA. The AM2_ _anti gens re first
coat ed ont dhesurfse of thearhage Pﬁtlé]@%(é%ﬁaé@ﬁ’l@ﬁla&» apd @-u]ttj;‘/ i ‘th?’\é\%?‘ftf ARG

v ﬂﬁ&é@ﬁ% b&wf%%ug@?’e ¥ Bt tbrary ettty IR AE VB HgS cfticted
experinent re -. . bi ndi '

AP e R R G G T N i
The AM2-sc Fv\v/asfprrgl;g]arrre‘:"d.| Fur @R stdrlafia SHRELIORE BlenBlafve HREE Blith ¥EALAE rRRMEn 1 at

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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the HndllIl/Notl sites. TGL cells carrying this phagem d vector were
infected by the hel per phage KO7. The phages were purified fromthe
super nat awD3/0Plwage ELI SA assay was subsequent|y perfor mPdTiusot2t562 t
AM2- scFv di spl ayed on the phage particles. Because the coat plll gene is
tagged wth HA-tag, the fusion can be detected with anti- HA anti bodi es.

ELI SA .ysi. Al i, i.- HA i bodi fi h
RSP o SRR N e e s R
o Dot es Sty Al Boapes AN g SR 5 spp B QAP BRSE phARLHAY LN SN

ant 1 bodi es trat are oL ¥ 4 Con of coF
A Jon: 2, Atolil ob 7 lcbitec hiVettbfhddinniiil whre odntfiBRl forihisHREGSS| 08 OF SOFY
are bhpked to tp&ﬁelr Fl%ébiﬂg&{él tﬂ@ZeT%hﬁgrih&i@fdugﬁléﬁé}%}é emdblFRieRdd tct ed.

Conmpetent yeast ce H109 cell, are prepared and transfornmed with
PAVEX? VechalraredGiagéN BHELIS A MYing MRI AR pfoRIM britided hﬁ?@rgé pankigs. t EBISY or ned
yeast cells are cultured under conditions suitable for proteln expression.
Such condi tagperfafmeeding 96101 niiorotitdriptad followvitdthelprédedurea deschibedn are not
detail ed herein. The expressed ccFv Abus are harvested usjng conventional
met hods knewnple 7tdbevear As ahshioin Fipneadyalé slodesselécheihat iher £ and Theuadt i gen

bi ndi ng capability of the harvest ccFv are determ ned by ELISA according to
the prot opositivelgseaciddadlittathe\antig8o Nde Uizt 0e2059 cPOTAIRY set4b gositignsri Ehment
and ldentification of ccFv Phage Exhi bi ting Desired Binding SBeci ficity:
Exanpl e 7: 1&nt2 efthe At reyndavel BEIR2 of thyes forndnall afgvich wersrbglaw 995 Gldaos.
denonstrate that ccFv-di splayed phages with desjired pindjng specificity can
be s@Pécted and Therciqpss B2l shayrsddoslive reAsiKRE @%@%Ogﬁsglé‘ NG Tg‘F‘i‘red

L L i 4 o ot e
' 1:106 or. 1- 107,  Two . :
phages at a1 2l Qcdhs & A0DRfighs rudkl 4R HRUD Wi RlerRBORITRE. Frolell

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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coated on Nunc Maxisorb 96-well plate were carried out. After blocking with
5% mlk in PBS, 1X1012 library phages in 2% m | k/PBS were added to the

wel |, andworcubmted for 2 hours at roomtenperature. PhageTamsbdisen was
then di scarded, and the wells were washed 5 tinmes with PBST (0.05%
Tween-20 in PBS) and 5 times wth PBS. Bound phages were eluted with 100
MM triethylamne, and were added to TA culture for infection. The phages
prepared frominfected TG cells were used for next round of panning and
ELI SA agai nst i mobilized protein ant(it:gg f AMR2-ccFv. After each round
panni ng, the ratio of AM2-ccFv phage T0 background phage AML-ccFv phage was
al so determ ned . l.ysis of randomy picked clones via a pair of
prinmers that m“aétgqui%ll ?é‘%lilly desi gned for AM2-ccFv only (a band of -1 kb
PCR product could be visualized on 1% agarase ge[&%, but not AML-ccFv (no
PCR product). A$. shaanrsingle-ghagqntigon bindingunibedifpRING: nyobi | i zed prot ei n

Jiel dea much i Gien BBAGL) FonNDEeRIt e uts nd e BHIHEERR: o ound,
duri'ng panni ng. PeRERRAIEE el g RIS Ger Timge 11 om
ocour rence. rat e O Bave EREpFRsGERTE: M Rk 46 RRHTER. oF o
first round of pa%%@g%@%%ﬁ% tgfatsﬁ‘lg%rﬁqfe@g}gdiﬁﬁﬁggi&fSea@éﬁ@g;ng, t he

occurrence reache rary screening usingphage library

di spl aying functisanah oGeF ehaif GrhOH OIRRBRIBETHAS0RaAS A paRaisEcr eeni ng a

phage library with a l'arge nunber of Abus, of which are capabl e of

binding to a degiffe dthé SR allbccBaE Hetbivditerida€ion séqueness] aidwheaginons of t he
critical binding domain, allows one to identify and further design

anti body w th eyerafionbef thedfctdroditnerizattonkequemsts mtessentially inc&ableaet be used
efficiently as a vehicle for antibody |Ilibrary screening, we constructed a
library of AMR iforniing & hommdine® welew physielogicahrbuek cenditiensuansl/est atAvp
consisted of a VH and a VL region, each was subcloned in to corresponding
positions of vegphysiologRRDBdydeniperetirdsed above. Briefly, VH was linked to
the N-termnus of GRL, and VL was linked to the N-term nus of GR2,

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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respectively. GR2 in turn fused to plll in order to display the ccFv

anti body fragnent to the surface of the phage particle (See Exanples 1, 3,
and 7). Iwomsdenet o sel ect phages high affinity binders trhrasgh2458Fv phage
i brary panning, CDR3 of VH was constructed as a library which contains
mul tiple options of residues at multiple positions. The library was
prepared t hrough standard nt hesi s .of.. degener at i ve Di [Wo[e nki ng
restriction sites & 68?9{1%&}?%3%‘@813{1%%?04 ﬁgq‘é%’ﬁlesdcoor%p@#%@#ﬁggl@% oits
position of AMR after P aml i fi ' ot ] ' hQn. Figure
22 illustrated the Jsgﬁpﬁ S %J ﬂ‘%@ééﬁgtreg‘{é%‘;e‘ﬁﬁ%&k%%“g,@ Itggéﬁéar’rl%l i fication
primers and directions. The diversity of the |ibrary was designed to be
approxi mately 1x106 species in total. After ligation, the library was

el ectroporated into TGL conpetent cells. The transformants were then
harvested and r£sqyedoR¥intRichiol RfigeRtidEnHaliobLclpinayor pawhdreinahe fifstt he
library were collected as described in above exanple. To "pan" the
library, reconbinand sedhil delrodaneritationeducnes fom a cbiletcdibdinzor b 96- wel |
plate in 0.05 M NaHCO3 pH9.6 buffer at 4C overnight. An aliquot of the
|'i brary phage containing 1012 phage particles diluted in PBS buffer with
2% m |l k was added to the well that was coated with the antigen. After

i ncubating at 37C for 2 hours, the well was washed and phage was el uted as
described in e&a@ﬂemoﬁ-smmb-ahaiﬁmig@mhl@bngn@geﬁcl\méoagew ¢rin the bandTay
cells, then rescued by KO7 hel per phage. After grow ng overnpight_ at 30C

t he phages were arthe Hfchaia polypposide gzeawanpg-gayal@lgpagv&ﬁg,agﬁﬁgl%@gf Br the
next round of panning. Prjor studies have shown that the rate of

di ssoci ati on, kffF“@gﬁF¥W%@F€§ﬂﬁB§FW§W§ﬁ¥ficantly for the affinity of this
particul ar anti body, whereas K' is relatively constant. Thus, in order to
sel ect phages 71 WO 03/012069 PCT/ US02/ 24582 w th high binding affinity,,
of f-rate panning, a procedure of prolonged wash to select survival phages,

was designed to.spgaifl Lﬁl%é(-cﬁzﬁ#l ﬁgﬁ%&b&ﬁ&i\%g%ﬁﬂ%? cféﬁﬁﬁéﬁﬁ¥£iﬁh9%af@f . A

total of 7 consecutive rounds of panning re conduct for this library.

4%%5&3@% ﬁ?@spmr%@sa&l@%ﬂﬂﬁﬂﬁ flabk BBt a

pi cked to prepar using the sane protein antigen in

phage panni ng. ELlSfon WA tHRETEHREdius ot Stbseydceri crotiter plate
foll ow ng the procedures described in

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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exanpl e 7 above. As shown in Figure 23, all clones selected at the 5th and
7th rounds positively reacted with the antigen. Note that negative control
were set WD 0pO$iot? ons H 10, 11, 12 of the 5th round and HCI/USEZ24582 t he 7th
round, all of which were bel ow 0.05 OD405 225 The cl ones that showed
positive reactivity in ELSIA of the 7th panning were then randonmy picked
for sequencing resi dues on | of , VH were ed in Figyre .24,
Consensus on thin Qqnﬁﬂgglfgﬂglmgwbpﬂ@&%tﬁfﬂﬁ%% “?ﬁé%‘?ﬁ’&@ﬂ{lﬁ?l}'ed.
Protein expressi obnm(gf a I.olrﬁe thgti [epresented the consensus sequence and
the wild type (the e & B\NZE'? %\g% performed and the proteins were
subsequently used in determnation of their Koff in binding with

i mmobi | i zed protein antigen using BiaCore (surface plasnon resonance). As
shown in Figure 25, the AM2 variant selected fromthe library has
significantly showege K@ fingléZh¥¥R MaeEhlBREM RialY d#208m2105 SBerctd-hl Matigdhat i s
claimed is: 1. A non-singleé-chain antigen-binding unit conprising: (a) a
light (L) chain pobiygigptuniles Bigpavifici ng a |ight (L) chain variable region
fused in-frame to a first heterodi nerization sequence; (b) a heavy (H)

chai n pol ypeptide conprising a heavy (H) chain variable region fused
in-frame to a second heterodi neri zati on sequence; wherein the L chain and
the H chain polypeptides dinerize via pairwise affinity of the first and
second het er odi i@r Taenomsinglecphaincasigerahihdivigama of claim 10z adereimbeantigéne
heterodi neri zati on sequences is essentially incapable of formng a

honodi mer under phbisiliseagitdatrispedifier conditions and/or at physi ol ogi cal
body tenperatures. 2. The non-singl e-chain antigen-binding unit of claiml,
wherein both of the first and second heterodi nerization sequences are
essentially incapable of form ng honodi ners under physiol ogical buffer

conditions and ?S ’Pﬂg rslcimqlsi(r)1gliePc%lainba%%ﬁeﬁ-%{rrﬁler{ga&nliltr Stelaim 4, wherein the L chain

polypeptide comprises sequences derived from a human light chain.

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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3. A non-single-chain antigen-binding unit conprising: (a) a light (L)
chai n pol ypeptide conprising a light (L) chain variable region fused

i n-frame wo 0/0iiosst het erodi meri zati on sequence; (b) a he&ey/Uusk)/2458ai n

pol ypeptide conprising a heavy (H) chain variable region fused in-frame to
a second heterodinerization sequence; wherein the L chain and the H chain

pol ypeptides dinerjize via paitwse . affinity of e first an con

het er odi meri zat i nfé%%ﬁeglé’j ‘é’ia&tlg?l?'g?lgmﬁé%ftﬁ%d@fgdéﬁr%gwﬁuéé 4582
and second heterodinerizatiqn sequences conpri sin e i i receptor
sequences t hat rns*d?eﬁf’l@:‘i ﬁ%%‘fé’ﬁ 'Wgﬁ?’} ﬁﬁﬁu%ceg%etcﬁe lvg%c% §I|Eﬂ gsr%% S%%ueenggs
non- si ngl e-chai n apt4 - hi ndi i f i : rein the first
and second heterod&n%glgz%aﬁ Fgﬁk%gq%{gnéég%gk%?ggrgb?6{58%?18’0| [ dinmer. 5. The
non-si ngl e-chain antigen-binding unit of claiml1l or 3, wherein the L and

the H chain pol ypeptides dinerize via non-covalent pairwise affinity of the
two heterodi nerization sequences. 6. The non-singl e-chai n anti gen- bi ndi ng

uni t of claim 4,13WiRg ﬁéﬂlsihgl%-dhaﬁmiﬁgen-aﬁhmgaﬁﬁﬂ sielditir4, hfersiptiRrfiises a
flexon that is flanked by the L charn variable region and the first

het er odi meri zat i onhg&eQdpn&atidn schinendeds a hictegddmerthaition aequegenedmprikimga uni t
of claim4, wherein the H chain polypeptide further conprises a flexon
sequence that is fGalegrebgptohkpblypeiaie nf atleast 3D amingaad residiies that ssecond
het er odi neri zati on sequence. 8. The non-single-chain antigen-binding unit
of claim4, whereiessbutiaflytidlenticaktota lingampeptide sesionet ofsompatibldengiht i on
sequences are linked to at |east one cysteine residue. 9. The
non-si ngl e- chai n adenietehibPRQAIIRNON? endywherels the accopd Betsrqdimerzationi gen-
bi nding unit is nultivalent. 74 WD Q3/012069 PCT/ USQ2/ 248%3
sequence 1s a heterodimerization sequence comprising a Ap 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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10. The non-singl e-chain antigen-binding unit of claim4, wherein the
antigen- binding unit is multispecific. 11. The non-singl e-chain

ant i gen- bwodBfgoani t of claim 10, wherein the antigen- bi RETAHORILESB2 1 S

bi specific. 12. The non-single-chain antigen-binding unit of claim 210,
wherein the antigen- binding unit is trispecific. 13. The non-single-chain

Sequences. der i val e E - o e compisug e DA HRER Mg o T SO
i “bi ndi it of claima . _ . : .
Sequences. der  ved 'PESThBIRAAN RDADGShlrE fodbs DRRach Mg did, T ses
ant i gen-bi ndi ng unjt,of eﬁé@?ﬁ%el}iiza {eﬁhé’hcta Iggarﬂﬁﬁ()é BE UistdH B BERRet MelCl S
conjugated to a chem cally functronal 'noiety. 16. The non-single-chain

anti gen- bi ndi ng ungt, o sf SidBrkRe regﬂﬁrtsitﬁb NhREnTRLSEH hE StheP RioRML GefeirPM t he
group consi sting of signal peptidesS, agents that enhance i munol ogic

reactivity, agentsmpbhgb rédga&islfbﬁﬁbﬁ itRURAblebEat @inder YR pairvAstdfintty of thedizbtne
carriers, bioresponse nodifiers, toxins, detectable |abels, paramagnetic

| abel s, and dr ugs. and/deciid KuErodidRReEiathmldeliniRes) 4n8 vheiein afllbast one of the

non- si ngl e-chain antigen-binding unit of claim4, wherein the first and
second het er odi nerhaabiinrerizetioresegasncas & edsmtiakylinfcapableof formingal sequences
of GABAB receptor 1 and GABAB receptor 2, respectively. 18. The

non- si ngl e- chai n ammemebimmdtr physivlpgicalfbugien conditionstaadmsir gt physiolegieal

het er odi meri zati on sequence is a heterodinerizati on sequence conprising a
GABAB receptor 1 peodydepeigbues at | east 30 amino acid residues that is
essentially identical to a |inear peptide sequence of conparable | ength
depicted in SEQ ID NO 2 and wherein the second heterodi nerization
sequence is a heterodinerization sequence conprising a GABAB receptor 2

ipg leﬁf Ieg;: d? 001; 3t1 Jl"ﬁéi sslgglé-ochgirr?arr]l 1ggn%itljld{negsulm “o‘%%la%r%%, e RETEIA 'oflhlléﬁrst
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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| i near peptide sequence of conparable length depicted in SEQ ID NO 4,
wherein said first and second heterodi nerization sequences are |inked to
cyst ei ne wedBduws? 19. The non-singl e-chai n anti gen-bi ndi ®gTOrs02/24582 cl ai m
4, wherein the first heterodinerization sequence is a heterodinerization
sequence conprising a GABAB receptor 1 polypeptide of at |east 30 am no
acid residues that Is .essentially jdentica alin epti de seqguence
of conparable | g{Fhe S’&S%l‘ E’cﬁquﬂgnsk’@%f% 0 Lf‘ffalﬁ’réfj Q%éi‘ﬁlﬁlpe%&leéﬁé%?g

het er odi meri zati on__sequence.is.a. .heteradi nesization rising a
GABAB receptor 2 %:nggﬁgogignﬁzag{m Is%qélgflc%gfugﬁﬁ%eowg8?%%5%&&3@%is)r%sﬁat i's
essentially identi -6p a linear peptide sequence of conparable |ength
depicted in SEQ ID'NO -2, wherein said first and second heterodinerization
sequences are linked to cysteine residues. 76 WD 03/012069 PCT/ US02/ 24582
20. A single-chain antigen-binding unit conprising a light (L) chain

vari able region and a heavy (H) chain variable region connected by a first
and a second hetemadiiBleldntd AfigseBuRMpEE PRI, Mhetlis iRMEgHEt ween t he
C- termnus of one of the region to the N-term nus of the other region,
wherein the two rgfidsudiisBogngated toce cirhecallyafunctional meiety.pai r wi se
affinity of the first and second heterodi nerization sequences; and wherein
at | east one of the heterodinerization sequences is essentially incapable
of formng a honodi mer under physiol ogical buffer conditions and/or at
physi ol ogi cal body tenperatures. 21. The single-chain antigen-binding unit
of clai m20, whéteilhesivgle-dain ansigen-bindingit @fg&@ﬁ&%&w@@ﬂw&r ¢hedn i on
sequences are essentially incapable of form ng honodiners unpder,

physi ol ogi cal buf f ¥AristiaFRSIANPEIDEITES SAUeNFFs del g fram abympn ligBhehisint ur es.

22. A single-chain antigen-binding unit conprising a light (L) chain

vari abl e

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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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
term nus wDo03/0e2064 the region to the N-term nus of the ot ReT/USeyR4582
wherein the two regions forman intra-nol ecular dinmer via pairw se
affinity of the first and second heterodi nerizati on sequences, said first

and second heterodjnerizatjon sequences C ri sj.ng heterodi neri ¢ receptor
sequences that rre?!k’%ﬁe@ fﬁ‘é‘{ﬁﬁsbﬂ? ?‘%glﬁqt?fﬁgﬁ)er’czﬁ{ém?%ﬁ?%ﬁ gr-e”[e%-eﬁ e

singl e-chain antigen-hinding unit of claim?20 or 22, wherein the first and
second het er odi ner??&?’i‘%?‘?s‘g Gliences forma coiled-coil diner. 77 WO

03/ 012069 PCT/ US02/ 24582 24. The single-chain antigen-binding unit of
claim 20 or 22, wherein the first and second heterodi neri zati on sequences
di merize via non-covalent pairwise affinity. 25. The single-chain

ant i gen-bi ndi ng 3¢nihe gh ll%l-cﬁhﬂ‘i‘a%ﬁgeﬂyﬂﬁlﬂﬁigj%m&diﬁﬂﬂ?%eﬁ!iﬁ‘ﬂieriﬂstu_m tis
conjugated to a chem ca% y tunctronal noiety. 26. The single-chain

anti gen- bi ndi ng unhdieRtirkdrBatide Soqushlis b hetehlitefiRaion se%@hb@&irﬁprﬁ i 9N
conpri ses sequences derived froma human |ight chain. 7. The single-chain
anti gen- bi ndi ng unGABA fceptor Raolyphrideiof at leastB0cihdnm asidrésidhies thaeds on
conpri ses sequences derived froma human heavy chain. 28. The single-chain
ant i gen- bi ndi ng unégsentfaliylidémicaltp adirenepaptitlb seduenst ofanothpasabiolanigth

het er odi neri zati on sequences are derived from C-term nal sequences of
GABAB receptor 1 adepiGaBABSEQIPINOr 4;2ndrvéepein thessicgnd Ixgerodimerightien e- chai n
antigen-binding unit of claim23, wherein the first_ _heteraodinerization

sequence is a het esespierasris 2 heicenlimeniation sequsnes sANPIiing reseript or 1
pol ypeptide of at |east 30 am no acid resiques that (s essgentjall
i dentical to a |inBawpeRisieiodat @@ﬁé@ﬁé@nw@@a«w&}eﬁw&lﬁ eéﬁed’ﬁlﬁﬁy H%Bflﬁ"%{é%lai n

SEQ ID NO. 2; and erein.the second heterodinerization. {Ss a
het er odi meri zat i on''8& BERLE CANPP Q?ﬁ%}n ar&ﬁ%k@%@%‘f%&ﬁa?ﬁ%& 3,
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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pol ypeptide of at |east 30 amno acid residues that is essentially
identical to a |inear peptide sequence of conparable I ength depicted in
SEQ | D NOwO43/07B60ND 03/ 012069 PCT/ US02/ 24582 wher ei n sai @Ciriuss2/245821 second
het er odi meri zati on sequences are |inked to cysteine residues. 30. The

si ngl e-chai n antigen-binding unit of claim23, wherein the first

het erodi neri zati on sequence is a heterodinerization 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
depi ct ed i n SEQ35 DA NRomdhinan golyhecleotndet doepsisingreccodetgesequiinee that endodas the
sequence is a heterodinerization sequence conprising a GABAB receptor 2
pol ypeptide of at Hehsin lypepiidroofzdaith 3.esi dues that is essentially
identical to a |inear peptide sequence of conparable length depicted in
SEQ ID.NO. 2, wherein said first and second heterodi nerizati on sequences
are linked to cysteine residues. 31. A reconbi nant pol ynucl eoti de

SO TP T ecanti nadb. BRSSP B SR ORISR E PR G ANEES (ke encotes
th H chai I ti,d laim1. . . nbi t I | eoti d
bomprising & Fir orSRosTe Leluttenide b BESFR AR oR Rt eSS L | e of
claiml1, and a sec&%?%gg‘%qﬂiﬁe&%n _ Og?{{%sﬁd 5!(988 3the H chai n of

pol ypepti de of cl ai reconbi*n pol ynucl'eoti de conprising a
codi ng sequence that encodes the L chain polypeptide of claim3. 79 WO
03/ 012069 PCT/ US02/ 24582 35. A reconbi nant pol ynucl eoti de conprising a
codi ng sequence that encodes the H chain polypeptide of claim3.

37. A recombinant polynucleotide comprising a coding sequence that encodes the

single-chain antigen-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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36. A reconbi nant pol ynucl eotide conprising a first codi ng sequence that
encodes the L chain polypeptide of claim 3, and a second codi ng seqguence

t hat encodevswim®eH chai n of pol ypeptide of claim 3. 37. ApCaamobp4sant

pol ynucl eoti de conprising a codi ng sequence that encodes the single-chain
antigen-binding unit of claim20. 38. A reconbinant polynucl eotide

conpri sing a coding, sequence. .t hat cod t.he . singl e-chai p ani.i gen-bi ndi ng
unit of claim 224.3-%@? solectable BFW&SH%&P@? gg’ Whgeip %Pﬁfq{é?‘\? pﬁ%ﬂeﬁ\ﬂg‘l‘yeoti de of
any one of clainms 31- 38. 40. The vector of claim 39, wherein the vector is
an expression vect 841, The vector of claim 39, wherein the vector is a
phage di splay vector. 42. A selectable library of expression vectors

encoding a repertoire of antigen binding units, conprising nore than one
vector of claim39. 80 WD 03/012069 PCT/ US02/ 24582 43. The sel ectable

library of claimg9 hdlg@hsélﬁéd?n g/ﬁefr&ron{b%nee«llt ggl??gdsﬁtﬁlab BV any/Gfl SHclaifid. A

host cell conprising the rec I mant pol ynuc es of any ‘one of clains
31-38. 45. The hosgiegl | of claim44, wherein the reconbi nant
pol ynucl eoti de encoding the L chain polypeptide and the pol ynucl eoti de
encoding the H chain polypeptide, are present in a single vector. 46. The
host cell of claim44, wherein the reconbi nant pol ynucl eoti de encoding the
L chain polypeptide and t he pol ynucl eoti de encodi ng the H chain
pol ypepti de, ar e45Thsdnst dell of elaim 44 gwhereinahs recdinbinthepdipsclentide endodingi m
44, wherein the host cell is a eukaryotic cell. 48. The host cell of claim
44, wherein the hoshe kehdinpglypepidsiead e palyausigotide gacodingithe fbehagt pr oduci ng
a non-singl e-chain antigen-binding unit, conprising:

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
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(a) expressing in a host cell a first reconbi nant pol ynucl eoti de encodi ng a
light (L) chain polypeptide conprising a light (L) chain variable region
fused i n-woaB®12069 a first heterodi nerizati on sequence, an@Ca/uSspe4sszl

reconbi nant pol ynucl eoti de encodi ng a heavy (H) chain polypeptide
conprising a heavy (H) chain variable region fused in- frame to a second

het di i i h 81 WD .03

PO/ USO2 24565 and t noshd gkdl e éﬁaem%daaélr%%r%rveaz%wwae HEPRROL et i ¢
f the f t d d t t i I

ohe of  the het er odi mer fahtacgn BHERUIAELEAG SERMRASE R PRAHIFIGH uBlor! cas!
formng a homodi mer unﬂ%r ePJ}gcfi}n%hQ%{oqlaQeq\QéH ﬁefs e%%?ﬂhﬂ& %ﬁ@éﬁbﬂﬁﬁlg a

physi ol ogi cal body tenper ures I solating t
ant i gen-bi nding uni t exgpess 'uﬂdérﬁfﬁyﬁ@?)gl&%ﬁffer BRdiibnsRIdGckiof Cl ai m 49,
e

wherein both of the first and secon rodi meri zation sequences are
essentially incapable Oi)hffs%lﬂgﬂagl ﬂyawaw@a@resumptwas(ny ol ogi cal buffer
conditions and at physi 0Ol ogl cal body terrperatures 51. A nethod of
produci ng a non-si ngl n|t (a)
expressing in a host @éf‘slo alIng; E’F‘Fﬁf Wﬁ@i}g@fﬁasg%g“codi ng a
light (L) chain pol ypeptide conpr|5|ng a Ilght (L) chain variabl e region
fused to a first heterodinerization sequence, and a second reconbi nant
pol ynucl eot i de encoding a heavy (H) chain polypeptide conprising a heavy

(W chain variahj a ealanebiaadol anacrarang: BEkRiodisRiGaal i on Sequence;

wherein the L chafih &nd al n pol ypeptides dinerize via pairw se

affinity of the ﬁétﬁéalméilagn&? R 6h RS bR QSHntIRIY ARhpDIe SERHATIEdomddahetsT i I St
and second hete nmeri zati on 'sequences conprising heterodineric receptor

sequences that Lﬂﬁl@f?ﬁ s%xeﬂqﬂﬂaﬁemaﬁm@ran@mpﬁ;@m@g@ptbodgten@mms| onal |y
(b) isolating the antigen-binding unit expressed in the host cell. 52. The
nmet hod of claim49 or 51, wherein the non-single-chain antigen-binding

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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expressed in step (a) is displayed on surface of the host cell. 82 WO

03/ 012069 PCT/ US02/ 24582 53. The nethod of claim49 or 51, wherein the
non- si nglwomhaiaeant i gen- bi ndi ng expressed in step (a) isPdraozyse2 on a
phage particle. 54. The method of claim49 or 51, wherein the host cell is
a eukaryotic cell. 55. The nethod of claim49 or 51, wherein the host cel

i kar yot | |56 The mefhogd of claim 49 or 51 wherein the first
and-sbcond het or S5 T meRed BfFISBLAess VT P SteEshabarg biader o

met hod of claim49 or 51,..whereinn the L chai nd H chain pol ypepti des
di merize via non- cg\‘fBTeé?ﬁd IBEY%P&?)SI@dgglﬁy%f?@?%g%e éﬁ?r‘et hod of cl ai m 56,
wherein the L chain polypeptide further conprises a flexon that is flanked

by the L chain variable region and the first heterodinmerization sequence.
59. The nethod of claim56, wherein the H chain polypeptide further

conprises a fl|exONTREARARERT chith 49%r 51 ARk&Einte ho cEll pdukaMkib 3Bl T egi on
and the second heterodinerization sequence. 60. The nethod of claim 56,

wherein both the first and the second heterodinerization sequences are
linked to at | east one cysteine residue. 83 WO 03/012069 PCT/ US02/ 24582
61. The nethod of claim56, wherein the non-single-chain antigen-binding
unit is nultivab®&nthe Hi&hod bfclaimt #Dadr HIf, vdleasimtisthostvrdl is iarprakaeyotic cell.
non-si ngl e-chain antigen-binding unit is nultispecific. 63. The method of
claim 62, wherein the non-single-chain antigen-binding unit is bispecific.
64. The nmethod of claim62, wherein the non-single-chain antigen-binding
unit is trispecific. . .

56. The method of claim 49 or 51, wherein the first and second

heterodimerization sequences form a coiled-coil dimer.

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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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

encoding a |ight.( chai ol Pt i sihog @ di dﬁ%‘%ﬁk

vari abl e regi on%}u Sha 9&?5@%"%%’?“?%?&%@@%?@gic%%#iaggg?%hﬂlse uence, and
a second reconbinqﬁ%¥§gkﬁpucleotide encodi ng a heavy (H) chai n pol ypeptide
conprising a heavy chain variable region fused in-frame to a second
het erodi neri zati on sequence; wherein the L chain and the H chain

pol ypeptides dinerize via pairwi se 84 WD 03/012069 PCT/ US02/ 24582 affinity
of the first and second heterodi nerization sequences; and wherein at |east

one of the het egodiREmkmal oPBlafie86okkasinithe fisenlieathbin dntigapaindmgainit is
form ng a honodi mer under physiol ogi cal buffer conditions and/or at

physi ol ogi cal bodymuRripesifi¢.ures; and (b) allowing the first and second

pol ypeptides to dinerize via pairwise affinity of the 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, conprising:. (a)
expressing i n a6Aofhe metho @fgbnyﬁ@CWbﬁﬁgd%e@@Wﬂ@ggﬂﬁﬁﬂﬁﬂ@Bﬁgggxg%ﬁﬁEhée
that encodes the single-chain antigen-binding unit of claim20 or 22; and
optionally (b) i soblépqcﬁ%c-t he single-chain antigen-binding unit expressed in
the host cell. 70. The nmethod of claim®69, wherein the polynucleotide is
contained in a phage display vector. 71. A nethod of displaying a chineric
het eromul ti mer conprising at |east two

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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pol ypeptides on a surface of a host cell, the nethod conprising: expressing
in the host cell (a) a first reconbi nant pol ynucl eoti de encoding a first

pol ypept iwe Bosmdo i n- frane to a first heterodi nerizati onpPsgdisenessand a
surface presenting sequence; (b) a second reconbi nant pol ynucl eoti de
encodi ng a second pol ypeptide fused in-frane to a second

h it . : ) ' ,
e o T PR AR R AR il e
and second hetero |arr,§% Zﬁéligegﬁetg fggﬁ&&?ﬁ%ﬂ BL&lD is‘;%Fén?i%ﬁ& iRAFat of t he

het er odi meri zat i of*28 i's - essen incapabl e of formng a

honodi ner under p [ I - buf 1dok Fadoaditidhs piyed 4! ogi cal
body tenperatures?g%géagg&?r’gltnﬁ%ﬁg%ﬁgﬁ%?% é12.1?51\?\/herei n1 bo?h of the first

and second het er&ﬂ&m&gg&fﬁ&gg&am@%ﬁe essentially incapabl e of
forming honodi ners”und&r physiol ogi cal buffer conditions and at

physi ol ogi cal beg¥lloWRIFAAE At bARE sec6id pdlypeptiich arldiaferict aiapaitwisefnity of t he
first and second”heterodi nmeri zation sequences forma coiled-coil diner.

74. The net hod of tkd AistandlsecodiEheterodinieizhiionsseqaaatesecond pol ynucl eot i des
are expressed by a single phage display vector. 75. The nethod of claim
71, wherein the first and second pol ynucl eotides are expressed by separate
phage display vectors. 76. The nmethod of claim 71, wherein.th Qost ell is
a prokaryotic cé8. Theﬁléthodl@écm;nﬁadwbﬂemlSé@nﬁbM?mm%ﬁSé‘iﬂﬁefW’égﬁ’& st s a
eukaryotic cell. 78. The nethod of claim 71, wherein the chineric

het eronul ti mer i s the sreand pelypensiden @i ¥irant i gen- bi nding unit. 86

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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WO 03/ 012069 PCT/ US02/ 24582 79. A chimeric heteronultinmer displayed on the
surface of the host cell according to the nmethod of claim71. 80. A nethod
of identiwgiongizwsnon-si ngl e-chai n anti gen-bindi ng unit th&CTiGS02/24582

i mmunoreactive with a desired antigen, conprising: (a) preparing a
genetically diverse repertoire of antigen-binding units, wherein the

Lo . A S Ls, wherel . ;
(b} “cont act i ng t he r SPErEp s Bripd AS TRk Whbihsd viBbaiE e B off
antigen; (c) detect ihgegfg,r%} %@ﬁ%@ﬂ&&&@%&ﬂ&%ﬁ@ﬁgﬁeg,'mﬁ bPRhfBnEBEL S

and the antigen, the ying the antigen-binding unit that is

| munor eactive wth rtﬁleehefté}S&i!n{e?iQa Ié.egﬁéhce&]s;esgaﬂﬁalm?iﬂ&@phw oftfosthifig80,

wherein the repertoire of antigen-binding units are prepared by expressing

a library of vectorsypgReathddnderhysidldgiocal Bhffédwndigiohs gedierit piysiglogival s.
82. The nethod of claim 80, wherein the library of vectors conprises a

plurality of phage vg&y ®hsperdidresA Method of identifying a single-chain
antigen-binding unit that i's imunoreactive with a desired antigen,
conprising: (a) preparing a genetically diverse repertoire of single-chain
antigen-binding units, wherein the repertoire conprises at |east one
antigen-binding unit of claim20 or 22; (b) contacting the repertoire of
ant i gen- bi ndi ng 7@nThemeathot] of kkeirdd4; wherewrhotiyefithe fgst apgseeond 12069

PCT/ US02/ 24582 detecting a specific binding between antjgen:binding units
and the antigen, hdtenodisgerizgtion SWPwsﬁﬁésﬁmﬁ%l@ﬁﬁ? cg E’PBBW- bi ndi ng unit

that is imunoreactive  wth the desired.antigen..84. The .nethod aim
83, wherein the rehpegmess Weﬁﬁhﬁ&g%lﬁﬁ#&gﬁbgﬁﬁq%‘s% a{a?}}yéi?i?%%ﬁfg?&g’
expressing a library of vectors encoding a plurality of the

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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antigen-binding units. 85. The nethod of claim83, wherein the library of
vectors conprises a plurality of phage vectors. 86. A kit conprising a
vect or ofweoloaiomo8® i n suitable packagi ng. 87. A non-singl @CThEom24582
antigen-binding unit of claim1l1l or 3, wherein said first and second

het er odi meri zati on sequences conprise heterodineric receptor sequences of
grom h factor receptors. 88. A non-single-chain antigen-binding unit of
claiml1l or 3, wherein said first and second heterodi neri zati on sequences
conprise heterodineric receptor sequences of G protein-coupled receptors.
89. A non- si ngl 7% Machimarit heteronniltinendisplay¢d af thelsaifmelofdhe Byst vélbacsordisgi d
first and second heterodi nerization sequences conprise heterodineric
receptor sequenceso tife meghodofdaiomyl.t ers. 90. A non-single-chain
antigen-binding unit of claim1l1l or 3, wherein said first and second

het er odi meri zati on sequences conprise heterodineric receptor sequences of
nucl ear hornone receptors. 88 WD 03/012069 PCT/ US02/ 24582 91. A

non- si ngl e-chai n_anti gen-bi ndi ng .unit of claiml or 3,.wherei.n.the anti gen-
binding unit is 30-fEmet &éﬁ@gﬁfl. @&?n%'ﬁ’&ﬁi%‘ﬁ%‘} @?‘éﬁ%{bﬁl\%ﬁ‘ﬂlﬁgﬁ?ﬁsndi ng
unit of claim1, wherein theégh. iﬁlo icah body t.enperatures are at about
37C. 93. A non-si ndPEERIEARIY ‘P’?ﬁsg 9%%14&“ éelhﬁp%p‘d?m 1aim1, wherein said
first and second heterodi nerization sequences are essentially incapable of
form ng honodi ng) prepacing aigeadtically diyeisewepeartoirg ®f antigen-binding units, wherein

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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detecting a specific binding between antigen-binding units and the antigen,
thereby identifying the single-chain antigen-binding unit that is immunoreactive

with the desired antigen.

84. The method of claim 83, wherein the repertoire of antigen-binding units are
prepared by expressing a library of vectors encoding a plurality of the

antigen-binding units.

85. The method of claim 83, wherein the library of vectors comprises a plurality

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.
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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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