1 BINDING MOLECULES  Field of the Invention The present invention relates
to the manufacture of a:diverse repertoire of functional heavy chain-only
anti bodi es that undergo affinity maturation, and uses thereof. The invention
5 also relates to the manufacture and use of a diverse repertoire of

cl ass-specific heavy chain-only antibodies and to the manufacture and use of
mul tival ent pol ypeptide conplexes with antibody heavy chain functionality,

preferably antibody heavy chai ngpbbnes ol BOULESNal ity, constant region
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usi ng t he bimdingdusctiohalitiiecopstentangion wifestor antivity dndiseptionilly, edditionad effeeior
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thereof wi M%{%Bresent a high proportion of new nedicines |aunched in the
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Heavy chain-only antibodies and other multivalent binding complexes generated using the

methods of the present invention and uses thereof are also described.

20 Background to the Invention
Monoclonal antibodies or variants thereof will represent a high proportion of new

medicines launched in the 21% century. Monoclonal antibody therapy is already accepted
as a preferred route for the treatment for theumatoid arthritis and Crohn’s disease and there
is impressive progress in the treatment of cancer. Antibody-based products are also in
25 development for the treatment of cardiovascular and infectious diseases. Most marketed
monoclonal antibody products recognise and bind a single, well-defined epitope on the
target ligand (eg TNFa). Manufacture of human monoclonal antibodies for therapy
remains dependent on mammalian cell culture. The assembly of a complex consisting of
two heavy chains and two light chains (the Hyl, complex) and subsequent post-
30 translational glycosylation processes preclude the use of bacterial systems. Production
costs and capital costs for antibody manufacture by mammalian cell culture are high and
threaten to limit the potential of antibody based therapies in the absence of acceptable



threaten to limt the potential of antibody based therapies in the absence
of acceptable 2 alternatives. A variety of transgenic organi sns are capable
of expressing fully functional antibodies. These include plants, insects,
chi ckens, goats and cattle but none as yet has been used to manufacture

mar ket ed t herapeutic products. Functionap anti body fragnents can be

manuf actured in E. coli but the product generally has 5 |ow serumstability
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one of which is the desired heterodimer (Suresh et al., (1986) Methods Enzymol., 121, 210-
20 228).

To address this issue, a number of strategies have been developed for the production in
mammalian cells of full length bispecific IgG formats (BsIgG) which retain heavy chain
effector function. BsIgGs require engineered “knob and hole” heavy chains to prevent
heterodimer formation and utilise identical L~chains to avoid L-chain mispairing (Carter,

25 (2001) J. Immunol. Methods, 248, 7-15). Alternative chemical cross-linking strategies have
also been described for the production of complexes from antibody fragments each
recognising different antigens (Ferguson et al., (1995) Arthritis and Rheumatism, 38, 190-
200) or the cross-linking of other binding proteins, for example collectins, to antibody
fragments (Tacken et al., (2004) J. Immunol., 172, 4934-4940).

30 The development of diabodies or mini antibodies (BsAb) generally lacking heavy chain
effector functions also overcomes heterodimer redundancy. These comprise minimal single

chain antibodies incorporating VH and VL binding sites (scFv) which subsequently fold



ef fector functions al so overcones heterodi ner redundancy. These conpri se
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20 disulphide bond close to the hinge domain.

When an Ig molecule is correctly folded, each chain folds into a number of distinet
globular domains joined by a more linear polypeptide sequence. For example, the light
chain folds into a variable (Vi) and a constant (C;) domain. Heavy chains have a single
variable domaiﬁ Vu, adjacent the variable domain of the light chain, a first constant

25 domain, a hinge domain and two or three further constant domains. Interaction of the
heavy (Vy) and light (Vi) chain variable domains results in the fomiation of an antigen
binding region (Fv). Generally, both Vy and Vy, are required for antigen binding, although
heavy chain dimers and amino-terminal fragments have been shown to retain activity in the
absence of light chain (Jaton et al., (1968) Biochemistry, 7, 4185-4195).

30 With the advent of new molecular biology techniques, the presence of heavy chain-only
antibody (devoid of light chain) was identified in B-cell proliferative disorders in man

(Heavy Chain Disease) and in murine model systems. Analysis of heavy chain disease at



30 Wth the advent of new nol ecul ar bi ol ogy techni ques, the presence of
heavy chain-only antibody (devoid of light chain) was identified in B-cell
~proliferative disorders in man (Heavy Chain Disease) and in nurine nodel
systens. Anal ysis of heavy chain disease at 4 the nolecular |evel showed
that nmutations and deletions at the | eved of the genome could result in
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20 (1996) Protein Eng., 9 (6), 531-537; Lutz and Muyldermans, (1999) J. Immuno. Methods,

231, 25-38) or solubility maybe be acquired by natural selection in vivo (see Tanha et al.,
(2001) J. Biol. Chem., 276, 24774-24780). However, where Vy binding domains have -

been derived from 'phage libraries, intrinsic affinities for antigen remain in the low

micromolar to high nanomolar range, in spite of the application of affinity improvement
25 strategies involving, for example, affinity hot spot randomisation (Yau et al., (2005) J.
Immunol. Methods, 297, 213-224).

Camelid Vy antibodies are also characterised by a modified CDR3 loop. This CDR3 loop
is, on average, longer than those found in non-camelid antibodies and is a feature
considered to be a major influence on overall antigen affinity and specificity, which

30 compensates for the absence of a Vi, domain in the camelid heavy chain-only antibody
_species (Desmyter et al., (1996) Nat. Struct. Biol., 3, 803-811, Riechmann and
Muyldermans, (1999) J. Immunol. Methods, 23, 25-28).



considered to be a major influence on overall antigen affinity and
specificity, which 30 conpensates for the absence of a VL domain in the
canel id heavy chain-only antibody species (Desnyter et at, (1996) Nat.
Struct. Biol., 3, 803-811, R echmann and Myl der mans, (1999) J. I'mmunol .
Met hods, 23, 25-28). 5 Recent structurfl studies on canelid antibody
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maturation, a re-arranged Vy binding domain is spliced onto the Cy2 constant region-
20 encoding segment, to provide a re-arranged gene encoding a heavy chain which lacks a

Cyul domain and is therefore unable to associate with an immunoglobulin light chain,

Heavy chain-only monoclonal antibodies can be recovered from B-cells of the spleen by
standard cloning technology or recovered from B-cell mRNA by phage display technology
(Ward et al., (1989) Nature, 341, 544-546). Heavy chain-only antibodies derived from
25 camelids or transgenic animals are of high affinity. Sequence analysis of normal Hyl,
tetramers demonstrates that diversity results primarily from a combination of VDJ
rearrangement and somatic hypermutation (Xu and Davies, (2000) Immunity, 13, 37-45).
Sequence analysis of expressed heavy chain-only mRNA, whether produced in camelids or
transgenic animals, supports this observation (De Genst et al., (2005) J. Biol. Chem., 280,
30 14114-14121).

An important and common feature of natural camelid and human Vy regions is that each

region binds as a monomer with no dependency on dimerisation with a Vy, region for



Sequence anal ysis of expressed heavy chain-only nRNA, whet her produced in
canelids or transgenic aninmals, supports this observation (De CGenst et al.,
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vi vo dependethtecspiorsis theishetk smmpmagjobliadamnily @lso mrejlidralfamatives to scFv for the
generation of bi- or multi-specific binding molecules. Other naturally occurring binding
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proteins and domains thereof including, for example, soluble receptor fragments may also
20 beused.

Antibody classes differ in their physiological function. For example, IgG plays a dominant
role in a mature immune response. IgM is involved in complement fixing and
agglutination. IgA is the major class of Ig in secretions - tears, saliva, colostrum, mucus -
and thus plays a role in local immunity. The inclusion of class-specific heavy chain
25 constant regions when engineering multivalent binding complexes provides the therapeutic
benefits of effector function in vivo dependent on the functionality required. Engineering
of individual effector regions can also result in the addition or deletion of functionality
(Van Dijk and van der Winkel, Curr. Opin. Chem. Biol., (2001) Aug 5 (4), 368-374). It
seems likely that the optimal production and selection of heavy chain-only antibodies
30 comprising high affinity Vg binding domains (whether of human or camelid or other

origin) will benefit from alternative approaches to those dependent on selection from



of individual effector regions can also result in the addition or deletion
of functionality (Van D jk and van der Wnkel, Curr. Opin. Chem Biol.,
(2001) Aug 5 (4), 368-374). It seens likely that the optiml production and
sel ection of heavy chain-only antibodies 30 conprising high affinity VH

bi ndi ng domai ns (whet her of human or caffelid or other -origin) will benefit
fromalternative approaches to those dependent on selection from?7
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function. Brief Summary of the Invention
There remains a néed in the art to maximise heavy chain-only antibody diversity and B-cell

response in vivo and, in particular, to generate a functional repertoire of class specific
human heavy chain-only antibodies and functional Vy heavy chain-only binding domains
20 which retain maximum antigen-binding potential for use in diverse clinical, industrial and

research applications.

There also remains a need in the art to produce a soluble, bi-valent or multi-valent

polypeptide binding complex comprising at least part of an antibody heavy chain, alone or

in combination with an effector (light) chain, which is physiologically stable and has
25 effector function.

Brief Summary of the Invention
The present invention provides a method for the production of a VH heavy chain-only or a

camelid Vg (Vug) heavy chain-only antibody in a transgenic mammal comprising the step
of expressing a heterologous Vy or camelid Vy (Vuy) heavy chain locus in that mammal,
30 wherein the Vy or camelid Vi (Vug) heavy chain locus comprises a heavy chain constant
region which does not encode a Cy1 domain and which locus, when expressed, is capable

of forming heavy chain-only antibodies of defined class or classes.



The present invention provides a nmethod for the production of a VH heavy
chain-only or a canelid VH (VHO heavy chain-only antibody in a transgenic
manmal conprising the step of expressing a heterologous VH or canelid VH 'Y
HH) heavy chain locus in that mammal, 30 wherein the VH or canelid VH (VHH)
heavy chain | ocus conprises a heavy chai$ constant region which does not
encode a CH domain and which | ocus, when expressed, is capable of formng
heavy chai rEeWyoraatnchid ¥ip€Vapfhedey chngitlocisansy comprisaoaesr mbre camelid/os nar
canelid VH 'heavy chain | gcus y.C ri se one,or. nor apel i d. or_npon-
canelid V &éwvgﬁég{gﬁ%ﬁﬁﬁgnﬁse? E‘#‘%ﬁ?’, the &QEWQ%%%@EEWP Sﬁﬁé"‘g&e‘ﬂ‘g@gﬁg& ed or
engi neer ed g %ﬁbﬂﬁquvmo%ﬂﬁy%ﬁéru&eﬁgﬁw Pe&TeiaBISRE VSdeh SegnRneh YeARdidhe V
gene segnent 1s derived from a hunman. 5 The heavy tchain constant region of
t he heavy dwimenl ocus may conprise a Cal and/or a Cat, a Cs, a CS, a Cy

and/or a C heavy chain constant region gene. Furthernore, the heavy chain
const ant 5r éffiedeawy chdie corstany regien of the deavynehainc loeps iney compdse h&le; endoph t he

fol |l owi ng av hai Q. const ant regqi ons: |, t., Cc, CS ._Preferably,
the VH hea 2c%§f%nal®c@s %éﬂé}ﬂ Qgg“ gea‘ygrc%&cgg%g%rggogog%@%qrﬁ@n%qre,ltggst one
10 human orhegANEHaiflcods@fNRgRADTERS headl chAR $dcus iy RofipEibEibrethsh ate bfthst one
J segnent wherein a human or canelid V F%gne segment, a D gene segnent and a

J gene segriellewigg beavyshaig|cansant regienshComi ke €6 ¢B MG vDI codi ng sequence.
The heavy chain |ocus preferably conprises twenty or nore D gene segnents
and/ or fi ve&referahlys the)Vigheavyhgindaeus. comprisgsey ¥asiaple 1egign gompgepgehleast ope of
vert ebr ghe .91 1.0 EEH.@H{' g@ﬁg i %ﬁ!w sing D
and J gg&)e hgléié'ﬂrredr?ltcsmrlll 8%];15{/2%@1‘/? m ah;‘}t géea%te ratslg&g%gj}%rd re]gi M%Jrgg?lgefggf! Hhan D
and | gene wiemgieathemai be cathtlide \ggnedeginent, @ Dugenemygmén and o fpenssegment are
reconbi nati on.sequence .(rS cap of. reconbi nj a J. gene se :
i T oot |y wiSBRPEL FRIRGUHAE 10 SURG Ry oPaEg SHGRHe e 2l REFR PR  an
regi on of tdamphsdserinB0 o ndreamY gl adegmeHs Usnd/dt Bfe b TRdreOF igBhd) seghbbn®.
vertebrate origin e.g. of canelid ori %:Entﬁ Alternatively the constant region
f

may not be FaeferablynDiangdi Iowemenfs peefyreepiapts osieiny preferphlyhaman Fhe CRR3Hgemods of
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i nvention also provides a heavy chai n-onhly antibody, or "a fragnent thereof,
or a mixt preferablydivams &sanglf ] gesavgegmsntsi n- onl y anti bodi es obt ai ned or

obt ai nabl e according to a 25 nethod of the invention. This heavy chain-only
ant i body neEhelié; heavgrvhaindoals mayt also dymprise a recombination sequence (rss) capable of

recombining a J gene segment directly with a heavy chain constant region gene.

The heavy chain constant region of the heterologous heavy chain locus is of human origin
20 or vertebrate origin e.g. of camelid origin. Alternatively the constant region may not be of
immunoglobulin heavy chain origin.

Preferably, the methods of the invention result in essentially normal B-cell maturation. The
present invention also provides a heavy chain-only antibody, or a fragment thereof, or a
mixture of classes of heavy chain-only antibodies obtained or obtainable according to a
25 method of the invention. This heavy chain-only antibody may be a monoclonal antibody,
or fragment thereof, such as a human or camelid Vy binding domain. The Vg binding
domain of the invention may lack an extended camelid-like CDR3 loop or, alternatively,

may comprise an extended camelid-like CDR3 loop.

The present invention also provides a vector comprising a heterologous heavy chain locus

30 ofthe invention and a host cell transformed with such a vector.



or fragment thereof, such as a human or canelid VH binding donmain. The VH

bi nding domain of the invention may | ack an extended canelid-1i ke CDR3 | oop
or, alternatively, may conprise an extended canelid-like CDR3 | oop. The
present invention also provides a vector conprising a heterol ogous heavy
chain locus 30 of the invention and a %ost cell transformed with such a
vector. 9 The invention also provides a transgeni c manmal expressing a
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into the transgenic | as. described herein, b) isplating.a cell or
tissue exp?h@?é‘%ﬁ% W@H‘ﬁé’én?’sﬂ&@ﬁﬂri@?feﬁgaWO@% nOorf YGHAqM g PG 2

i nterest; sHadnddlidelc 6pritile éachatbr i doma fromthe cell or tissue of step
(b) and d) optionally cloning the heavy chain-only antibody nRNA from said
hybri dofp TR inYHRRAHIR broRides! dCchétRsd bf pRodiSid MCSPttoR RTHRES/ SHbibyayem
such as a mammual i an, plant, insect, mcrobial, fungal or alternative system
VHbi ndi ng atikediescompyisingdee $epspfoduced by identifying and isolating an
antigen-specific 20 VH donmain fromthe cloned nRNA of step c). VH binding
domai ns of t he (@nventjedingmapntigadniodheiradgeicimpymal a9 deseried hersip; an ant i gen
into the transgeni c nmanmmal described herein; b) isolating a“cell or tissue
expressi ng an anti gesvlaingci félbor tissaw pxpressing amhytigeasspédific)\heafy chuireodst ; 25
c) cloning the VH Ioc1u€0fr m gRL}IAarﬁerived fromthe isolated cell or tissue;
d) displaying the eftd 4y o prerssthang ng a phage or sinilar library;

15 c) producing a hybridoma from the cell or tissue of step (b) and -

—

d) optionally cloning the heavy chain-only antibody mRNA from said
hybridoma for subsequent production in a heterologous expression system

such as a mammalian, plant, insect, microbial, fungal or alternative system.

Vg binding domains may then be produced by identifying and isolating an antigen-specific
20 Vg domain from the cloned mRNA of step c).

Vg binding domains of the invention may also be produced by:
(a)  injecting an antigen into the transgenic mammal described herein;

b) isolating a cell or tissue expressing an antigen-specific, heavy chain-only

antibody of interest;
25 c) cloning the Vg locus from mRNA derived from the isolated cell or tissue;
d) displaying the encoded protein using a phage or similar library;
€) identifying antigen-specific Vg domain(s); and

f) expressing the Vy domain(s) alone or as a fusion protein in bacterial, yeast

or alternative expression systems.



e) identifying antigen-specific VH domain(s); and O expressing the VH
domai n(s) alone or as a fusion protein in bacterial, yeast or alternative
expression systens. 10 DETAILED DESCRI PTI ON OF THE | NVENTI ON The present

i nventors have overcone the limtations of the prior art and shown that
transgenic animals, in particular mce, 1l@an be generated using "mcro loci"
to produce 5 class-specific, heavy chain-only antibodies, or a mxture of
different classes of heavy chain-only antibodi es which are secreted by

pl asma or B cells. These can then be used either to generate a reliable
supply of AEBAHFEEDESCRIPTIOAN/QF ThE INGEINVIONt i body using established
hybri doma technol ogy or as a source of functional canelid VH (Vnn) binding
domai ns or TWd fresevy imlkaiors hiley oveirduthen thedlinmithtiens qff the eprivblayt ands shavind ¢havH
heavy chain 10 oply bindjng dopmins of human origin, which arg free, of
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Nucl eoti de sequencée anal ysis of antigen-specific nRNA encodi ng an

ant i gen- spaetaintindibgBmgtiahai n i sol ated from hybri donas derived from
transgenic mce has dermonstrated that heavy chain antibody diversi tti; IS
primarily &ldauychdiponkyf antibidiesGuehling camelid tibofies)tbatecan betgsnpmied dytthe

inventors ha h t.hat ..antj bo dj versit s generated {,nh regi on
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addition, class-specific heavy chain dinmers and nultimers can be secreted by
hybri doma clminat¢dnemiall antibedyr elasses present in the recombinant locus). B-cell maturation

and the secretion of assembled dimers (eg IgG) or multimers (eg IgM) has no dependency

on the presence or expression of light chain genes.

20 Nucleotide sequence analysis of antigen-specific mRNA encoding an antigen-specific
heavy chain isolated from hybridomas derived from transgenic mice has demonstrated that
heavy chain antibody diversity is primarily a function of VDJ recombination. Furthermore,
the present inventors have shown that antibody diversity is generated in the CDR3 region
of the functional antigen-binding domain of the heavy chain-only antibody with a more

25 limited contribution from somatic mutations in the Vy domains. Using the methods
described herein, functional Vy domains can be cloned and expressed in bacterial systems
to generate Vy binding domains with full retention of antigen binding, specificity and
affinity. In addition, class-specific heavy chain dimers and multimers can be secreted by
hybridoma cell lines in culture.

30 The invention also teaches that transgenic mice can be programmed to produce preferred
classes of heavy chain-only antibody in response to antigen challenge, eg only IgG as
opposed to only IgM or, for example, mixtures of IgA, IgG and IgM.



30 The invention also teaches that transgenic mce can be programmed to
produce preferred classes of heavy chain-only antibody in response to
antigen challenge, eg only 1gG as opposed to only IgMor, for exanple,

m xtures of IgA 1gGand IgM 11 The inventors have previously described
(see W02/ 085945 and W02/ 085944) the ¢Ekneration of transgenic mce
expressing a mniml human 1gG heavy chain constant region |ocus devoid of
the CH ex@he dnebokdirskbade @yevhnusiyndﬁcﬁmﬂ {see EYORI085M S land \WOOI/DWLWI’«M genes.
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maturation. "OQther effector domains, including the domai n, “may be

i ncor pofat & empleie abs&ecmfs‘ﬂmle@quertces ﬁnmrquubeaw&hal@rcoettmm@repnemmn t he
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resul t fromrdste. use of any V gene segnent present in the construct

| sol ati on and sequencing of antibody nRNA derived fromB-cells shows that D
and J gene Thegrfentxample, a transgenic animal carrying a human IgM heavy chain locus with a

functional Cyl exon linked by the same human D and J gene segments to two llama V
20 gene segments, and IgG constant heavy chain region locus devoid of the Cyl exon linked
by the same human D and J gene segments to two llama V gene segments, produces very

low levels of heavy chain-only antibody and shows no evidence for B-cell maturation.

Other effector domains, including the Cy4 domain, may be incorporated or not, as desired,
to introduce to, or eliminate from, the resultant heavy chain-only antibody, effector
25 features.

The inventors have found that productive expression of antibody (ie B-cell maturation) can
result from the use of any V gene segment present in the comstruct. Isolation and
sequencing of antibody mRNA derived from B-cells shows that D and J gene segment
recombination occurs to generate CDR3 diversity. Sequence comparison of resultant Vg

30 domains reveals somatic mutations, indicating that affinity maturation events have
occurred in the recombined D and J gene segments and also in the Vy domain of the
resultant expressed antibody mRNA.



reconbi nation occurs to generate CDR3 diversity. Sequence conparison of
resultant VH 30 donmains reveals somatic nutations, indicating that affinity
mat urati op events have occurred in the reconbined D and J gene segnents and
also in the Vii domain of the resultant expressed antibody nRNA. 12
Preferred constructs incorporate V gene jgegnents sel ected or engineered for
inproved solubility and linked to a D and J chain cluster for reconbination

and CDR3 genefeabd @antruars chesrpéthte, Vidige KEnety setet el ofefigihdenddefbrtithpedieat ant
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affinity, soluble Vg domains which incorporate affinity maturation via somatic mutation.
20 Incorporation of select heavy chain constant region effector functions (devoid of Cyl) or
mixtures thereof permits the production of any class of heavy chain—bnly antibodies or any
mixture of heavy chain-only antibodies without the requirement of additional antibody
engineering. Vi domains can be expressed alone in bacterial or other micro-organism
systems or as functional heavy chain-only antibody incorporating effector domains
25 secreted by hybridomas or transfected cells in culture. Antibodies and Vy binding domains
of human origin have wide ranging applications in the field of healthcare as medicines,
diagnostics and reagents, with parallel agricultural, environmental and industrial

applications.

Thus, in a first aspect, the present invention provides a method for the production of a Vg
30 heavy chain-only antibody in a transgenic mammal comprising the step of expressing a
heterologous Vi heavy chain Jocus in that mammal. Preferably, the Vg heavy chain locus

comprises a heavy chain constant region which does not encode a CH1 domain and which



applications. Thus, in a first aspect, the present invention provides a

met hod for the production of a VH 30 heavy chain-only antibody in a

transgeni ¢ mamral conprising the step of expressing a heterol ogous VH heavy

chain locus in that manmal. Preferably, the VH heavy chain | ocus conprises

a heavy chain constant regi on which doe$3not encode a CH domain and which

13 locus is capable of formng a diverse repertoire of conplete heavy

chai n- onl y 1ot ihephisis of fdratingex divesseadperfbive of icompletesipaey chdintonly qutibsding

i nvention also provifes a nethod for the production of a canelid VH heavy

chai n- onl y VR EE¥Eed-n a transgeni c manmal conprising the step of 5

expressing a canelid Vii. heavy chain | qcus in that |, wherein the VH
ctheh s h

heavy chai FhpdEsispestpf thepresent myeutiomals prowides 4 GBrdHCtge ot

encode a Cl, )| : bSmi rmng
a diverse repgmﬁplgg%c%%@ngﬁfgt%g%wml Bfgﬁllﬁéﬁglﬁ% ibﬁnc}‘ I es !mra?c%%ppg?ati ng
VDJ r ear § arggasittg acanediflf Vinheayy chtinrlatus dn thah mamsesabowbereinche Vizi hgevy chiwénl | enge.
10 Heavy chain effector, nol ecul es be engi.neered, to he free,of .functional
dommi ns, 1 70 SRPHRRRRCE &R chAAh SSStanY Trdtom: Wt o ek peode <ol dediepis Al

engi neer i Ny HHQEIScROWha &pedsseds RUapiNIE ¥f FBhing Rl BvEsdepatfile ofdomplete vy ace

assenbly and consequent|y B-cell _maturation. The CHI exons al one are
del et ed” f r 6htiniealyh andhodies gincerpopting YD areamangsarnt audopifinily mshigation in

Addi ti onal i neered into the | ocus, for exanple to 15
i nprove gl §%S§§’§#3‘??% s t?&d%lg%"'functi on. Preferably, the heterol ogous |ocus,
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nol ecul és or asses or m xXtures of
anti body cleasfigls the carbokyyRafinah €4¢ afontuings, previdedahir aicering Aoesondati affiicy, t he

het er ol ogous heavy chai.n | ocus is desjgned to prqdquce preferred classes 20
or mixtur e§e‘3?t°?¥e&0§? %%%-Hﬁﬁ}m&ﬁt F@Loﬁ}‘ﬂg@péﬁ .Yo?fl‘fh‘ié’nﬁﬁﬂlgﬁb’dﬁﬁagss( es)
required,  mikbi&s TR8ICHA! dnond AloEB larEdQ8kd H0R tHeHet@MogdliClobis bri @@labst Of

canelid V, D and J gene segnents and canelid effector regions will produce
carel i d antfiosb diee toous- t Addittenal) feafurep araybt sngineered neipi e loensc oraexagplaniqed

CDR3 'O%)S'imﬁ%ﬁféﬁ’ggﬁg’{eag?@ﬁ%yﬁln@ﬁ@d J gene segnents conprising V gene

segnent s ran or “sel'ected or engineered for 25 enhanced

ant | bodi o4 PARPEPRERETHERIGHAE 8 et BB B O R TR, ose

of the pri agE, IgG, IgD or IgM molecules or isotypes thereof. Individual antibody classes or

mixtures of antibody classes or isotypes thereof may also be produced.

Accordingly, the heterologous heavy chain locus is designed to produce preferred classes
20 or mixtures of heavy chain-only antibody depending on the ant;ibody class(es) required,
with essentially normal B-cell maturation. The utilisation of cémelid V, D and J gene
segments and camelid effector regions will produce camelid antibodies with features
peculiar to camelids, such as enlarged CDR3 loops. The use of human V, D and J gene
segments compiising V gene segments randomly selected, or sélected or engineered for

25 enhanced solﬁbility, will produce functional human heavy chain-only antibodies.

Antibodies obtained according to the invention have the advantagé over those of the prior
art in that they are of substantially any single or known class and preferably of human
origin. Antibodies are of high affinity resulting from a combination of VDJ recombination
and affinity maturation in vivo. Antibodies and fragments thereof may be may be isolated,

30 characterised and manufactured using well-established methods known to thése skilled in
the art.



art in that they are of substantially any single or known class and
preferably of human origin. Antibodies are of high affinity resulting from
a conbi nation of VDJ reconbination and affinity nmaturation in vivo.

Anti bodies and fragnents thereof may be may be isolated, 30 characteri sed
and manufactured using well-establishedygethods known to those skilled in
the art. 14 The Fbterologous Heavy Chain Locus In the context of the

pr esent mmtﬂa ol(gﬁ%hg q_‘roghpgous means a nucl eoti de sequence or a

| ocus as herein |s not endogenous to the mammal in which it
i s | ocat edIn 3he\ codiekih efithe pi'eaenh ihvantiet, the tehm Mtdagous‘f nteh@s prmmwtlde
invention relates to a m m.cr.0o-J.0cus d|n }@dom&i [ S|ng

one or nor &APEREY %@ﬁ‘?ﬁé’ﬁt eubﬂ?"%l?edr%]?l 157510 gﬂ Iﬁ?'mmB re J

gene segnentislocaiegr ati onaIIy | inked to one or nore heavy chain effect or
regions (each devoid of a CH domain). Preferably, the primary source of

anti bodysgr %Pegﬁgen &%& b Y the Tohldgt Gialﬁ‘g SrEhP hvbRdFeR1dA% &h@gﬁﬁhﬁ&t ion

of D 10 and segnents by the V-D D-J junctions. The advantage of
t he pr esentmitnodecisiencodisg ¢ Natdomaini dooghyising pee bomore \élgdnmhegmm,tqnecmnmmed in

t he rearra ed VII uences gan be maim'se.tfmy t.he use of
nultiple D aﬁﬁl Jsegﬂgw ‘i@gféﬂ'ﬁ wore|, S HiTEN P S0 TRt oM 01';%6840 i8¢ 9F H?°é?/ed
whi | st usi Mgavd; EHaitt BbctbiOfdgfons (BAch! dbvbiaCHE h amt H@M‘ém} Eefeedly, fhe plintazy

nunber of V gene segnents or the VL and Lo ht chai n) i nmuno IobuI in

| oci . Pref sowpe 9f antihedy/reprieive vasigbilisy 1Sdb®§D&§rﬁ9350§ ared iy tb@\éelmom Pv (2
3, 4 or 16‘») HEPEe e%%&ﬁ&ﬁéggf&gwﬁ%ﬂ fﬁ? svertebrate species. Preferably,

the V gene seg nts unman or| g op’tl onal Iy sel ected or engi neered

from twp. & oF 87 faytids of ¥ e Thign wéﬁat@%ﬁwéaef%@fén& R B55AHR, =
40) or nor ¢hdlea@iized AGERNE SequHi‘des Ba:gb@mamgmughm&m off efltgsle O mm any
vertebrate species but, nost preferablaéb t he D gen segnents are ij

gene segneBfe EW}W spquent Sepaticn Aot ’@éﬁéc “SIPS@f’é‘P%'F@ °P$1e Vil
heavy chai G MRP , , 25
10, 12, 14%502&}&35 d3§%l{egng?a er J gée ene segrbrg’r‘],'géen %eglﬂ?]ntg%rn%es\é‘gar?gn%‘g may
be deri Wéd(hghtolmm)wmmogbbulatlecmpem es but, nost preferably, the J gene

segnents are human J gene
Preferably, the Vy heavy chain locus comprises from two to five V (2, 3, 4 or 5) gene

segments derived from any vertebrate species.

- Preferably, the V gene segments are of human origin, optionally selected or engineered for
improved solubility.

20 Preferably, the Vg heavy chain locus comprises from two to forty (2, 3, 4, 5, 6, 7, 8, 9, 10,
12, 14, 16, 18, 20, 30 or 40) or more D gene segments. The D gene segments may be '
derived from any vertebrate species but, most preferably, the D gene segments are human

D gene segments (normally 25 functional D gene segments).

Preferably, the Vy heavy chain locus comprises from two to twenty (2, 3, 4, 5, 6, 7, 8, 9,
25 10, 12, 14, 16, 18 or 20) or more J gene segments. The J gene segments may be derived
from any vertebrate species but, most preferably, the J gene segments are human J gene

segments (normally 6 J gene segments).

Preferably, the Vy heavy chain locus comprises two or more V gene segments, twenty-five

functional human D gene segments and 6 human J gene segments.

30 The term “V gene segment’ encompasses a naturally occurring V gene segment derived
from a vertebrate, including camelids and human, which have optionally been selected,



segnents (normally 6 J gene segnents). Preferably, the VIl heavy chain | ocus
conprises two or nore V gene segnents, twenty-five functional human D gene
segnents and 6 human J gene segnents. 30 The term "V gene segnent'
enconpasses a naturally occurring V gene segnent derived froma vertebrate,
i ncl udi ng canelids and human, which havis optionally been sel ected, 15
mut at ed, or engi neered for inproved characteristics, such as solubility. V
gene segnemntiiteddbCeripiseerddofon tnprovel Eafactpsiidsesuch s rsombﬂﬁjﬂar geies srgrxiéntsu bu et

hav I
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recept or epertoire erre of I nprovin

domai n i ncfor pxanaile; in die &Ynhitlpn af the pposecglobwindighty chaim¥p ngperteianer ﬂmﬂ‘—@zﬂe
exerrpll ed |n vi es and Rei chmann, (1996) Protein Eng., 9 (6), 531-537
and Rie n‘ifﬁ??%f RIS nans, (1999) J. IninunoL Methods, 231, 25-38.

Nat ural sel ection can also occur .in.vivo through. affinity maturati on and the
10 i ncor po?@f mgthads o6 IRRIBYIEE ﬁﬂ?@hryoqfﬁ derp nmoa@m;e? nehvAsRProAss
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gene segnent, a J gene segnent and a heavy chain constant (effector) region

(whi ch nayE@,nQJfﬁ)siﬁlsiﬁ\?eﬁnélRlechumn amhMue'lthm@@,sﬂaS'M Inoweeny). Metbodsi2dh to the
resent in [ate cha ant n the
ISluclsei c Iac?(;? ﬁn&'ﬁa?e%&g onfgn,&ls\‘? e é #FO%CS%H%QIH‘L&)&'PH%)/ \rggglent

inventi o RksPoratich bfifasovrhblB infutdtios mchwepvﬂ gane follewiag SATlueneangntati ng a
honol ogue, derivative or protein fragnent, which is capable of reconbining

with a D geReVsgaeRBiment rufi®oRa ?@Wﬁec@ﬂm ghey ¥ I3 Badd seghiREs ANk géRgi ON
(conprising one or nbre exons but not a exon) according to the present

i nventi on ngegfeﬁ@rfah@vﬁ chain ponstanh (effestor)region (whigh may oamrise seveeal exens 20
Thus VH co [ urce or
(hoy my P o ERIRORER AT tectRiaRE oL P i o BB BhebP 0 '
A "VH dorraoniyanﬁboﬂywhemmee:tmle(dacimeexpr&emt invention refers to an
expression product of a V gene segnent when reconbined with a D gene

seg (rjreEt 1504 ¥ gén@menegmmm@&) t]hefémeﬁt inedntive alsBrlﬂéledasbhthm ﬁdaecdﬂd aigngl n as
used herein remains in uti on. an sactlveun 25 phy medi um
Wi t hout t h&D9SEWRET m&ﬂ@lﬂ&@ﬂ@mﬁw @Wfﬂ‘&ﬂﬁwﬁ vwi@ ere‘? fably,
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(comprising one or more exons but not a Cyxl exon) according to the present invention to

generate a heavy chain-only antibody as defined herein.

20 Thus Vg coding sequences may be derived from a naturally occurring source or they may
be synthesised using methods familiar to those skilled in the art.

A “Vy domain” in the context of the present invention refers to an expression product of a
V gene segment when recombined with a D gene segment and a J gene segment as defined
above. Preferably, the Vi domain as used herein remains in solution and is active in a
25 physiological medium without the need for any other factor to maintain solubility.
Preferably, the ability of the soluble Vi domain to bind antigen has been improved by VDJ
recombination and somatic mutation. There is no dependency on the presence or absence
of the enlarged CDR3 loop peculiar to the camelid species. The Vy domain is able to bind
antigen as a monomer and, when combined with effector constant regions, may be
30 produced in mono-specific, bi-specific, multi-specific, bi-valent or multivalent forms,
dependent on the choice and engineering of the effector molecules used (eg IgG, IgA IgM

etc.) or alternative mechanisms of dimerisation and multimerisation. Any likelihood of



reconbi nati on and somatic nutation. There is no dependency on the presence
or absence of the enlarged CDR3 |oop peculiar to the canmelid species. The
VH domain is able to bind antigen as a nononer and, when conbined with

ef fector constant regions, may be 30 produced in nono-specific, bi-specific,
mul ti-specific, bi-valent or nultivalenygforns, dependent on the choi ce and
engi neering of the effector nolecules used (eg IgG IgAIgM etc.) or
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recombination and preferably undergo somatic mutation.

20 TheV,D and J gene segments are preferably derived from a single vertebrate species. This

may be any vertebrate species but is preferably a human.

In addition, a heterologous heavy chain locus according to the present invention comprises
a region of DNA encoding a heavy chain constant region providing effector functions in
vivo (eg IgG, IgM, IgA, IgE, IgD or isotypes thereof).

25 The invention also provides an antigen-specific, heavy chain-only antibody obtained or
obtainable by the methods of the present invention.

The heavy chain constant region

Operationally, a heavy chain constant region is encoded by a naturally occurring or

engineered gene segment that is capable of recombining with a V gene segment, a D gene
30 segment and a J gene segment in a B cell. Preferably the heavy chain constant region is

derived from an immunoglobulin locus.



obt ai nabl e by the nmethods of the present invention. The heavy chai n constant
region Operationally, a heavy chain constant region is encoded by a
naturally occurring or engineered gene segnent that is capable of
reconmbining with a V gene segnent, a D gene 30 segnent and a J gene segnent
inaBcell. Preferably the heavy chai mpconstant region is derived from an
i munogl obulin locus. 17 According to this aspect of the invention, each
heavy chai Acéndisk abtihik Qe of fReiRtérohy each ARy Slefin *bnst@ATEgiON @sRAALly chai n
constant region gene, which is expressed without a_ functional,Z CH domain so
that gener edmprisedpt leaghaneieayy S wonstant segion &ele: Stueh 1s exprgssed wihent @nai n
constant regi | SQ. C i [ fd aj

conat ant 1 SRl k1 HofisPRE! & OF nERY SRy ARod S BoRIERTY (s
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bi ndi ng sF%eecg?dapalﬁnﬁﬁg %n”ﬁ#'eg%‘%%[b\éﬁ I tcy or %ﬁﬁog%%gﬁnﬁoﬁ& ﬁaﬁ% ﬁsgé‘\%/ ruées.
However, | gitibslig] thehitaeldgoud leabe clhid focedis ICpf atid O8defidientapi d i mmunoassay
techni ques whereas Ig of class G can be readily used in these techniques.

For suchp usgsinsthice)puhéledifeswTefabd M fe &8dvesto f18F ad MSporthht Bleth ey flivatinl body

class, ie IEG or 1gM The expression of all or part of a heterol ogous heavy
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i sotypes, e%ﬂ?{ﬁs : : @nﬁ?iﬂﬂls =Ye t in
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Al ternativel selected m xtures ant.i bodi es be oht.aj ned.  For .exanpl e,
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a Ca angs apfeferidnftibodyichie ielpG/or ke heavy chain constant region according
to the present invention is of human origin, in particular when the heavy

chain anti gﬁéxﬁi SssioR S Gkt fiTa ﬁéa&mgggul%%yy gmh' 3R MRvdi éﬂyg%ﬂl Where
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- isotypes present in the heterologous IgG locus. Alteratively the heavy chains may
comprise Ce genes. The resulting IgE molecule might also be used in therapy.

20 Alternatively, selected mixtures of antibodies may be obtained. For example, IgA and IgM

may be obtained when the heavy chain constant region comprises a Ca and a Cp gene.

Preferably, the heavy chain constant region according to the present invention is of human
origin, in particular when the heavy chain antibody is to be used for therapeutic
applications in humans. Where the heavy chain antibodies are to be used for diagnostic or
25 veterinary purposes, the heavy chain constant region is preferably derived from the target
organisxn, vertebrate or mammal in or on which diagnosis or veterinary therapy is to be

performed.

When. expressed, the heavy chain constant region lacks a functional Cyl domain. The Cyl
exon and, optionally, Cp and C3 constant regions, may be mutated, deleted or substituted.
30 Preferably, the Cyul exon is deleted. The presence, for example, of IgM with a functional
Cyl domain inhibits B-cell maturation and consequently limits the productive expression



organi sm vertebrate or mammal in or on which diagnosis or veterinary
therapy is to be perfornmed. Wen expressed, the heavy chain constant region
| acks a functional CH domain. The CH exon and, optionally, C and CS
constant regions, may be nutated, deleted or substituted. 30 Preferably,
the CH exon is deleted. The presence, figr exanple, of IgMwth a functional
CH domain inhibits B-cell maturation and consequently |limts the productive
expressi on i i AR

| ocus, as Ifjfglgiiw %?angé gﬁ f“lbgl tegﬁﬁ%gﬁég?/%%ﬁaﬁwr? E%lglsﬁtagﬁ? region
exon' (' CHishibittd as herein defi ned i ncl udes the sequences of naturally
occurring vertebrate, but especially mammalian, CH exons. This varies in a
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resul tant dietdibadeined pley ePi b(dﬁponbﬂmfmh%avy'rdlﬁmtd’oaﬁt&@teégwn marmal used in the
met hods of the invention is not a human. The 15 transgenic mamal is
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especi al | yagr ef erred. ternative manmmal s such as goat s, sheep cats, dogs

or ot herd letedl withisy the) tegsasee @reyidadetiich o progesstslops moh ibdihithe intrarplinkarar e
Ostabi| shed e RArBIfta, e A8on B 8 nbﬁa?ée%%"ﬁk?%é%sﬁléﬁﬂtﬂp Htitfbody

i mmunogl obylolypeptistevy and optionally light chain | oci endogenous to the
manmal are deleted or silenced when a heavy chain-only antibody is expressed
accordi ng Mﬁmtnhﬂs met hods of the invention. This approach of generating

heavy chain-only antibodi es as. described aboye maybe, of . artlcular se in
the gener at {hsntrasecie mramnasused Any Fréﬂetg &%gﬁ’t F%’e‘&f?é‘ %?s St ¢ SN Gefe

adm ni stysatyesepfc lﬁahfnhpig ipRsFerbBly 3 ro @G stich 43fa 1BBil, PaIRh BigMdt OF mo%s@flvnce
different ori g| n fromthe
are especially preferred. Alternative mammals such as goats, sheep, cats, dogs or other

animals may also be employed.

Preferably transgenic animals are generated using established oocyte injection technology

and, where established, ES cell technology or cloning.

20 Advantageously, immunoglobulin heavy and optionally light chain loci endogenous to the
mammal are deleted or silenced when a heavy chain-only antibody is expressed according -

to the methods of the invention.

This approach of generating heavy chain-only antibodies as described above maybe of
particular use in the generation of antibodies for human therapeutic use as often the

25 administration of antibodies to a species of vertebrate which is of different origin from the
source of the antibodies results in the onset of an immune response against those
administered antibodies.

Therefore, in a further aspect, the present invention provides a transgenic mammal

expressing a heterologous heavy chain locus according to the present invention.

30 The transgenic mammal may be engineered to have a reduced capacity to produce
antibodies that include light chains.



source of the antibodies results in the onset of an inmune response agai nst
those adm nistered antibodies. Therefore, in a further aspect, the present

i nvention provides a transgenic mamral expressing a heterol ogous heavy
chain locus according to the present invention. 30 The transgeni c mamal may
be engineered to have a reduced capacity to produce antibodies that include
light chains. 19 Antibody-producing cglls may be derived fronrtransgenic

ani nal s ac 0t he
preparat i ﬁgﬁq%d&%éﬁlﬁ&%éeﬂéﬁéypﬁg%%?aq| ong‘g];~i| sac g%(;@lle?rantr bodi es
as herei n @eéitioacnd used doli bxampl@rm ﬂietmepmatromecbﬁ/hybmdminas forahe prodsetopmesices nay
beisolatedfro trapsgeni ording,to the present in entr n 5 and
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t echni ques which are liar to ose skilled in the art. Alternatively or
in addit3 oatnd veedi ﬁgeprodp@cf\’hr donhesm \hpavsh shain-nlyy chain iapidhtidiss erali-ipecifighbirer at ed
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10 Thus in on provi od for the
producti onthegesknﬁa\iﬂmram n-only anti bodi es by i nmuni si ng a transgenr c mamal
according to the present invention with an antigen. In a preferred

enbodi rrentAﬁématlikregy aPRC tadaitioh,n Anfigenes Eéchﬁ@ healte dRiP@ly | sntiBodied!SBay Ydeavy
chain-only antibodies and fragnents thereof 15 |n a further aspect, the
present i ngEWEatedbymEwniReEom0 sairaanimgacgordingite e presprtanyeaio  accor di ng
to a nmethod of the present invention and functional fragments and

deri vat 1& eThust ines Ewther Esmgtrrﬂmgre@ntmvs@w prgvidpea ethdyeir kg poduagtioncefn be

derived by | cva /.G .

chai 1 onl y"ER¢ EBionf SRKGHE WLk BRSRER « OB SRR L CUER
al ., (1968inv81mhﬁthﬁrtanﬁgen7 4185 4195). 20 A preferred functional fragnent
is an antigen-specific, heavy chain-only binding domain, ie a VH binding

domai n, asnExpeREsEembyditest ofithis agest ol thednvedtivh,ithe AbmhRtRAGhaRE] On bet ween
single V, D and J gene segnents foll owed subsequently by somatic nutation.

According H@avféﬁaﬁn—&ﬁﬂ%hb@fhe&H@dflﬁ%ﬁ&it&@ﬁbr%ﬂ loci can be cloned from eg,,
NMRNA i sol ated froman antibody-producing cell of an i munised transgenic

ani mal 8 HesfkihbeskpaRome préstit18FknEon ﬁ&%@ﬁ%@a\@aéhahb&ﬂy %Héﬂ? RbRMMALleUSi Ng a
phage (Ward et at, F 89) "Nature, 341, 544-546)

according to a method of the present invention and functional fragments and derivatives

thereof. Fragments encompassing the VH binding domain can be derived by enzymic

cleavage or cyanogen bromide cleavage of a heavy chain-only antibody of the invention ie

devoid of light chains (Jaton et al., (1968) Biochemistry, 7, 4185-4195).

20 A preferred functional fragment is an antigen-specific, heavy chain-only binditrg domain,
ie a Vi binding domain, as expressed by the Vg locus as a result of recombination between
single V, D and J gene segments followed subsequently by somati%: mutation. According to
this aspect of the invention Vg loci can be cloned from, eg,r mRNA isolated from an
antibody-producing cell of an immunised transgenic animal as descr.ibed above. Cloned

25 sequences can then be displayed using a phage (Ward et al., (1989) Nature, 341, 544-546)
or similar display libraries, for example using yeast-based systems (Boder and Wittrup,
(1997) Nat. Biotechnol., 15, 553-7) and antigen-specific Vg binﬁihg domains identified.
Antigen-specific heavy chain binding domains can then be mamiféctu‘red either alone or as

fusion proteins in scalable bacterial, yeast or alternative expression systems. Sequences

30 encoding Vy binding domains can also be cloned from charactérised hybridomas derived
by classical procedures from immunised transgenic mice. These can then be used for the

production of Vy binding domains and derivatives thereof including the engineering of



or simlar display libraries, for exanple using yeast-based systens (Boder
and Wttrup, (1997) Nat. Biotechnol., 15, 553-7) and antigen-specific Vii

bi ndi ng domains identified. Antigen-specific heavy chain bindi ng domai ns
can then be manufactured either alone or as fusion proteins in scal able
bacterial, yeast or alternative expr essiﬁn systens. Sequences 30 encodi ng VH
bi ndi ng domai ns can al so be cloned from™Characteri sed hybri donmas derived by

classical p ur&s.ofr i i t LG M . : used
or the prosaaet ratdy’ el T HE" e RN 2HE Rafiog® ol GBE Ao (700
t he engi neefuhé¢tipnef 20 defined anti body cl asses (eg IgE or 1gA) and variants
thereof with differing effector functions. Accordingly, the invention also
provi des a Awbohfisblpf thoniesutonalse proviBesdinnghalpoRproduciaghr Vgibigliid) domaiaps of :
5 a) isolating a cell or tissue expressing an antigen-specific heavy

chai n-only Com%@?%qpsioﬁt erest (preferably a soluble, antigen-specific
heavy chain-only antibody of interest); b) cloning the sequence encodi ng
the VH bidndi ng ddnai isolating areelAor Hsu eeiprepsingan wéhgwpaelﬁa%@m chain-eplysye;

10 c) displaying the_eg . ' ' age. ar si m akarw.  d)

i dentifying antigen- g‘%@%ﬂ&?’?%@ﬁh’%ﬁ#@%gﬁm fr’l)l}s%’, aﬁgﬁgécﬁép%&%:%ﬁ?%g VH

bi ndi ng domai ns al onentibodg®fintérest);on protein in bacterial, yeast, manmmalian
or alternative expression systens. Alternatively, Vii donain-containing
fragments can be)genegloaingdhé seyueitearyodidihs Vardinding Borasihi foddinBN terived

i nvention using enzynmic or chem cal cleavage technol ogy and subsequent
separation of the vHiig hs-olf’é‘?ra%ﬁrﬂfﬁés‘*% agnent fromthe other cleavage
products. Were the VH binding domain is isolated froma characterised A
hybri dortd, the @ onedisplayingithginegdedaratein using aahege ereimilarditraryim nRNA can be
directly cloned into an expression vector w thout recourse to additional

. selection steps disi nidepfifidns amigensprsiicdyspindipg domaiysandns. Production

- - systens for heavy chain only-antibody incorporating effector regions include
marmal i an cel | s @ n cekpressingthy Varkindieg demainpaloms er gsegfustan projein in bavtagiehi ¢
goats, rabbits, cattle., shee chickens and inse | arvae suited to nmass
rearing technol ogy. éf%&lmanbtj%@ﬂcc{rfg?{gé}?'setﬁé‘ %?”‘?nn%%tt?all%hg virus infection (eg

bacul ovi r usAfterll'nelltlnvglef:R/'}ll (ﬁ)rrﬁ/a&}nchnr%ammd C?gl A‘agments can be generated from heavy chain-only

15 antibodies of the invention using enzymic or chemical cleavage technology and subsequent

separation of the Vi domain-containing fragment from the other cleavage products.

Where the Vy binding domain is isolated from a characterised hybridoma, the cion’ed Vi

binding domain sequence derived from mRNA can be directly cloned into an expression

vector without recourse to additional selection steps using phage and other display
20 systems.

Production systems for heavy chain only-antibody incorporating effector regions include
mammalian cells in culture (eg CHO cells), plants (eg maize), transgenic goats, rabbits,
cattle, sheep, chickens and insect larvae suited to mass rearing technology. Other
production systems, including virus infection (eg baculovirus in insect larvae and cell-
25 lines) are alternatives to cell culture and germline approaches. Other production methods
will also be familiar to those skilled in the art. Where there is a requirement for heavy
chain-only IgA or IgM assembly, the co-expression of a “J chain” is beneficial. Suitable
methods for the production of camelid heavy chain-only antibody or Vy binding domains
alone are known in the art. For example camelid Vy binding domains have been produced

30 in bacterial systems and camelid heavy chain-only homodimers have been produced in



25 lines) are alternatives to cell culture and germine approaches. O her
production nethods wll also be famliar to those skilled in the art. Were
there is a requirement for heavy chain-only IgA or IgM assenbly, the
co-expression of a "J chain" is beneficial. Suitable nethods for the
production of canelid heavy chain-only Anti body or VH bindi ng domai ns al one
are known in the art. For exanple canelid VH bindi ng domai ns have been
produced 3hytiridoinas el tramsfestpd trenmnadiad celin(eéd Ricitionann apd vyl deringn$ GHA9I) der s

have been produ in, 2 i domas and transfected mammal i an cells (see
'Rei cbrmann Eﬁ@ﬂéfﬁ?ﬁé@%ﬁ?&%g%g) J. Inmunol . Methods, 231,25-38). Methods
o, ne. deNIeogs a /o PitlgePHIEIsn 457 REcPErogy of FARESEY Hama odmng |5 of
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transgenic fl I nes have been shown to produce functional heavy chain- only

ant i body5 f 24424780 andl tafeeenoestheriindi t h char acteri stics indi stingui shable from
the sanme antibody produced by mammalian cells (PCT/ GB2003/0003319). The
present i insectidrese fadrs trapepenit Ay dinemhave hiegreshowpde pfadocerfmcimenal beayy chidiner i ¢ VH

bi ndi ng dongi n .10, opt ai nabl e, accordi,ng.to.t he t had..of this .aspect, of
plr esian'? i nggktqng (.’dyTﬁﬁg“%fﬁ“gs’é’n}t‘a"P}?&gﬁq %ﬁgaqh%cﬁp%dggs%n%@éqa?o&ﬁede
sequence Cofed ShiiidyOprotii®d bplRiRnABeU Selle WETAIBE003/0003839).2Mhé Sibsehed

pol ynucl eoti de_encodi ng_a heavy chain-only antibody of the invention and a
vect or conpyrationgalep peavides|apgaigemanepificcmanemerisc ok dinggric Vpynding domeéReof | or

| S0l at ot PobNFSE Skt £GPHLAGI B AR BBl oARl Dody | 15 accordi ng

to’'the present 1 nven resent so provides a host cell

transforne i .0l ogou y j S r t of , or
i sol at ed pgpémné}'gﬁegto?ﬁaegﬁg%c% I ﬁﬁ%@é ﬁeg{;}gﬁc %ﬁggosn qgémfgn%%g oé}e%%ti body
fragment, heewlogbughday ichsin fos.eant isblated dolymuclebtidenermodingch ape chaindonty
present invegtion_.provides a pol ypeptide .conpl.ex conprisin n .20

Bt T gen- spBRioRE OfRePHEAHRg 430 e o1 COBPERE P RF RGBT oRaHY FHB NI havi ng
attached t @aghéntatheRbf 66t Qolaldd Pbmuhledtide PERYHEESa SHeh®F t PhindsHlly VntiBodyT hi S
effector _actrvity may be in addifion to that provided by the heavy chain
const ani5 r agpostingiedheiprgsepbingentioat ed at the amino or carboxy terminus of the
nol ecul e. These pol ypepti de conpl exes retain the (Ehysi ol ogi cal function

conferred Bje prrsentrinyegéon slse qirovidesvahbstragilrigandfonmed with 2 Beteralegonathieaty wi t h
additional fargehl o7 £ 8Em& BRFR or it PAFmReokil€ eféo%ﬁ;%ttﬂé hIRy Shdi§SntyoHch

antibody or antibody fragment, according to the present invention.

In a second aspect, the present invention provides a polypeptide complex comprising an
20 antigen-specific Vy binding domain according to the present invention having attached to
it an effector moiety which provides effector activity. This effector activity may be in
addition to that provided by the heavy chain constant region and may be situated at the
amino or carboxy terminus of the molecule. These polypeptide complexes retain the
phbysiological function conferred by the antigen-specific Vu binding domain in
25 combination with additional targeting or effector functions of the effector moieties. Such
polypeptide complexes may be in the form of functional monomers or, dependent on the
design and interaction of the effector moieties, dimers, tetramers, pentamers, multimers or
other complexes incorporating different Vi binding domains, so imparting multi-valency
and multi-specificity. Vy binding domains may be present at the amino or carboxy

30 terminus of the binding molecule (see Figure 1 for dimeric example).

If the effector moiety comprises a binding domain, it may have a different specificity from

the antigen-specific Vy binding domain. The advantage of this arrangement is that the



pol ypepti de conpl exes may be in the formof functional nononers or,
dependent on the design and interaction of the effector noieties, diners,
tetramers, pentamers, nmultimers or other conplexes incorporating different
VH bi ndi ng domains, so inparting nulti-valency and nulti-specificity. VH
bi ndi ng domai ns nmay be present at the apgpno or carboxy 30 term nus of the
bi ndi ng nol ecul e (see Figure 1 for dineric exanple). If the effector noiety
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conpl exes are envisaged di nerisation donmai ns_are, incorporated, for exanple
the incf%sw&am@fw @P@n%ﬁ&lﬁaﬁe-d@ﬁgﬁ B PR SRR Pﬂlam%&gwsmﬁ%m,chai n
constant rggiQapsd (Re@ishid ddnals are TherbGhGl, Rk feREhAE tADikhikiondT Eieshd1er ei n
includes any noiety that nediates a desi red bi ol ogi cal effect on a cell.
The ef f ect 6a3 Aernainy derived fiompimymnpglobblilheava shainggnstrat regiops (rep Higurel).

pol ypeptide or protein or may be a non-peptidic structure. For exanple, the
ef fector 'Hn¢ tirp Teifpttor mwiatyizgamesed Hsrei macludey tany dneigtydhatgmediates drdegired oxi n,

in particular a pratein_toxi.n, radi onuclide in a.chel ating structure, a
bi i ng dogiostbebetelaf » cbflifbierolc? Mo o er oSl PG

al buni n13r pelipdpkitie o tppstginageniay bel Hush-peptilic Beudtive] | Badeampdy) thé keedtor
noiety to i1 ncrease, the stabiJity or armacol dnetic = 20.and/.or. .
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the effector noiety my be a P lated strucfure of a naturally

gl ycosyl at éamajnrandmagingsgemalbusmin opaminbibitonsagsat odynami ¢ properties. The
effector noiety nay be peptide bonded to the antigen-specific VH binding
domai n or Albumin may be utilised as an effector moiety to increase the stability or pharmacokinetic

20 and/or pharmacodynamic properties of the antigen-specific Vi binding domain (Sung et
al., (2003) J. Interferon Cytokine Res., 23 (1): 25-36). Alternatively, the effector moiety
may be a PEGylated structure or a naturally glycosylated structure so as to improve
pharmacodynamic properties.

The effector moiety may be peptide bonded to the antigen-specific Vy binding domain or it
25 may be chemically bonded to the antigen-specific heavy Vg domain, for example by using
a chemical linking structure such as a maleimide linker. Altematively, the polypeptide
complexes of the invention may be expressed as fusion proteins. As such, the present
invention also encompasses a polynucleotide sequence consisting of the heterologous
heavy chain locus, or an isolated polynucleotide encoding the heavy chain-only antibody,
30 of the present invention wherein the polynucleotide further compfises, in reading frame,

one or more exon(s) encoding an effector moiety. This exon may be at the 5° or 3’ end of



25 may be chem cally bonded to the antigen-specific heavy VH domain, for
exanpl e by using a chemcal |linking structure such as a mal ei mde |inker.
Al ternatively, the pol ypeptide conplexes of the invention may be expressed
as fusion proteins. As such, the present invention also enconpasses a

pol ynucl eoti de sequence consi sting of tJe heterol ogous heavy chain | ocus,
or an isol ated pol ynucl eotide encoding the heavy chain-only antibody, 30 of
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therapeutics. As diagnostics, the effector domain can a fluorescent
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can be at r a sty at L, a
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bi -val ent gekenl ti- val ent polypeptide conplex conprising at |east part of
an anti body heavy chai n, alone or in 15 conbination with a separate

ef fector (P} 1??@“ g}gygprl sing a conpl enentary assenbly domai n and havi ng
addi ti onal tor a Ivity. y@ﬁpeptl de conpl exes according to the
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associ ated with each ot her
region in combination with additional effector moiety functions associated with the

effector chain (Figure 3).

20 As such, in a third aspect, the polypeptide complex comprises heavy chains in combination
with one or more effector chains (light chains). The second aspect of the present invention
provides a polypeptide complex comprising a pair of heavy chains and a pair of effector

chains, wherein:
the pair of heavy chains are associated with each other;

25 one of the effector chains is associated with one of the heavy chains and the other

of the effector chains is associated with the other of the heavy chains;

each heavy chain comprises a binding domain, a dimerization domain, preferably
comprising at least C2, C3 and, optionally, Cy4 constant region domains, and an effector

moiety capable of binding to a complementary assembly domain of the effector chain; and

30 the effector chain comprises a complementary assembly domain having attached to

it an effector moiety,



25 one of the effector chains is associated with one of the heavy chains and
the other of the effector chains is associated with the other of the heavy
chai ns; each heavy chain conprises a binding donain, a dinmerization domain,
preferably conprising at |east CH2, CH3 and, optionally, CH4 constant
region domains, and an effector noietyapgapable of binding to a

conpl enentary assenbly domain of the effector chain; and 30 the effector

chain conpri ses yhefe@{HeOIRMEY MoRGMEHa tHe deiBleefiar MGeblyohfth docidtt an

effector noiety, 24 wherein the assenbly domain and the conpl enentary
assembl y ddovith anezsetber thronghnenrcoypdenhintaradions-hr ough non- coval ent
interactions. Preferably, the effector noiety in the heavy chain is

di ff erent tRyefbtablyetheefiecior moiety in the heavy chaihfie different mathtp.eféctopmomﬁsam the t he
pol ypepti deﬁgﬁnpl ex includes a flexible hinge-like domain at the carboxyl
term nus of° Bigglgl‘dorrain (or CH4 domain, if present) linking it to the
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heavy chain are identical, and those at the carboxyl terminal end are identical (but

recognise a different antigen or epitope to that at the amino terminal end), facilitating the

20 assembly of a single homodimer. Such a molecule may prove advantageous for the capture
of pathogens, effector functionality being provided by the inclusion of appropriate heavy
chain functional domains (eg IgA or IgM).

An exemplary polypeptide complex according to the third aspect of the invention is useful

for cytochemical labelling, targeting methods or therapy. For example if the effector

25 molecule comprises an antigen-specific Vi binding domain which targets a cancer cell

surface marker and the effector moiety comprises a binding domain specific for a pro-drug

converting enzyme (the effector chain). The antigen-specific Vg binding domain binds to

the target and brings the effector moiety into close proximity with the target such that on

binding the effector chain it can exert a biological effect on the target in the presence of the

30 pro-drug (eg nitroreductase with CB1954). The inclusion of immunoglobulin heavy chain

- effector function as the dimerisation domain may also be beneficial in elimination of the
target cell. |



25 nol ecul e conprises an antigen-specific VH binding domain which targets a
cancer cell surface marker and the effector noiety conprises a binding
dormai n specific for a pro-drug converting enzyne (the effector chain). The
anti gen-specific VH binding domain binds to the target and brings the
effector noiety into close proximty w2sh the target such that on binding
the effector chain it can exert a biological effect on the target in the
presence ofhé EffecBr 0hamdr ug (eg nitroreductase with CB1954). The incl usion

of inununogl obulin heavy chain effector fungtion as the dinerisation domain
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The term e noi e as u her el udes any noi e at nedi at es
a desired thbtapagi cal effect on a cell. The effector domain may be a cell,
for exanple a T-cell, a peptide, polypeptide or protein or nmay be a

non- pept0 dThe Effectoi MotetyFor exanple, the effector domain nmay be an enzyne,
drug, pro-drug, toxin, in particular a protein toxin, a 15 radionuclide in a
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inorganic in nature, dependent on the desired effect.

The term ‘binding domain’ as used herein in respect of all the above aspects of the present
invention includes any polypeptide domain that is active in a physiological medium . Such
20 a binding domain must also have the ability to bind to a target under physiological

conditions.

Such binding domains include domains that can mediate binding or adhesion to a cell
surface. Suitable domains which may be used in the polypeptide complexes of the
invention are mammalian, prokaryotic and viral cell adhesion molecules, cytokines, growth
25 factors, receptor antagonists or agonists, ligands, cell surface receptors, regulatory factors,
structural proteins and peptides, serum proteins, secreted proteins, plasmalemma-
associated proteins, viral antigens, bacterial antigens, protozoal antigens, parasitic antigens,
lipoproteins, glycoproteins, hormones, neurotransmitters, clotting factors, engineered
single chain Fvs and the like. Preferably the binding domain is a vertebrate Vi domain,

30 more preferably a mammalian Vy domain such as a human Vg domain.

A binding domain may comprise a camelid Vi (Vuy) domain or may comprise a Vg

domain obtained from a non-camelid .Preferably, the binding domain is a human Vy



invention are manmal i an, prokaryotic and viral cell adhesion nol ecul es,
cytokines, growh 25 factors, receptor antagonists or agonists, |igands,
cell surface receptors, regulatory factors, structural proteins and

pepti des, serum proteins, secreted proteins, plasnmal enma- associ ated
proteins, viral antigens, bacterial antpgens, protozoal antigens, parasitic
antigens, |ipoproteins, glycoproteins, hornones, neurotransmtters,
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moi ety' and 20 "conplenentary assenbly donmain' as used herein include any
moi et i es t Fagh @EpingAdifterent fpactionaldy.non- coval ent attachnment to each ot her.

For exanple, the effector noiety and the conplenentary assenbly domai n nmay

be a pr ot e/lie Grmplementary Assemblp Popwins Bingds 4o an Effector Moiety

When a heavy chain associates with an effector chain, the terms ‘effector moiety’ and

20 ‘complementary assembly domain’ as used herein include any moieties that can form at
least a non-covalent attachment to each other. For example, the effector moiety and the
complementary assembly domain may be a protein, peptide fragment or consensus
sequence capable of forming a protein-protein interaction, such as that seen between: the
Cyl domain of an immunoglobulin heavy chain and the constant region of an

25 immunoglobulin light chain; leucine zippers; VCAM and VLA-4; integrins and
extracellular matrix proteins; integrins and cell surface molecules such as CD54 or CD102;
ALCAMs and SRCR domains; an scFv and antigen or Vy binding domain and antigen.

The Heavy Chains

Where the dimerization domains of the heavy chains comprise immunoglobulin heavy
30 chain constant regions, the constant regions (Cy exons) may give further physiological

functionality to the polypeptide binding complex. In particular, the immunoglobulin heavy

chain constant domains may provide for, inter alia, complement fixation, macrophage



sequence capable of formng a protein-protein interaction, such as that seen
between: the CH domain of an i mmunogl obulin heavy chain and the constant
regi on of an 25 inmmunogl obulin Iight chain; |eucine zippers; VCAM and VLA-4;
integrins and extracellular matrix proteins; integrins and cell surface

nol ecul es such as CD54 or CD102; ALCAMy and SRCR dommi ns; an scFv and
antigen or VH binding domain and antigen. The Heavy Chains Were the
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and gra AYY &4atn Lop the placenta. Additional applications of
various antibody c| asses have been discussed_previously. 20 The, constant
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bind and activate macrophages and granulocytes, and can cross the placenta. -

Additional applications of various antibody classes have been discussed previously.

20 The constant regions of the heavy chains of the polypeptide complexes of the present
invention may be of human, rabbit, rat or mouse origin as herein defined. Preferably, they

are of human origin.

The polypeptide complexes of the present invention can also be used solely to block
binding of ligands to their receptors by using dimerisation domains which provide no
25 effector functions. Multiple receptors can be blocked by a multi-specific polypeptide

complex.

In a fourth aspect of the invention, the effector molecule may comprise a dimerization
domain such that the effector molecule can associate with a separate effector molecule.
This dimerization domain may comprise one or more of Cy2, Cy3 or Cy4 antibody
30 constant region domains and/or a J chain, In this embodiment of the invention, two or more

effector molecules may associate to produce an effector molecule dimer or multimer. The



are of human origin. The pol ypepti de conpl exes of the present invention can
al so be used solely to block binding of ligands to their receptors by using
di meri sati on domai ns which provide no 25 effector functions. Miltiple
receptors can be bl ocked by a nulti-specific polypeptide conplex. In a
fourth aspect of the invention, the effggtor nol ecule may conprise a

di meri zation domain such that the ef feClor nolecule can associate with a
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domai n and pelypéntide heayyichain wherein:n V\:hl ch optionally conprises at |east CH2,
CH3 and, optionally, Cl44. antibody constant regi on domains; and,
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t he presen hej binding daspain jrcthe prcand pegpplgehsave shaigendonpl ex conprising a

pl ural i tg/ of pol ypeptide heavy chain diners and a J chain, wherein:
1 the constant regions (dimerization domains) for the two polypeptlde heavy chains

are identical.
Preferably, the first and second chains have the same effector moiety.

_ Preferably, the dimerization domain comprises at least Cy2, Cy3 and, optlonally, Cw4

antibody constant region domains

20 The fourth aspect of the present invention also provides a polypeptide complex comprising
a plurality of polypeptide heavy chain dimers and a J chain, wherein:

the plurality of polypeptide heavy chain dimers are assembled by the J chain;
each polypeptide heavy chain comprises a binding domain and identical p, &, o or ¥
Cn2, Cy3 and, optionally, Cy4 domains; and
25 there are at least two binding domains having different specificities in the
polypeptide complex (see figures 4 and 5).

As defined for the first aspect of the invention above, each heavy chain constant region
preferably comprises at least one heavy chain constant region gene, which is expressed
without a functional Cyl domain so that generation of heavy chain-only antibody can

30 occur. Each heavy chain constant region may also comprise one or more additional heavy



the plurality of polypeptide heavy chain dieters are assenbled by the J
chai n; each pol ypepti de heavy chain conprises a binding domain and identica
, S, aory CH2, CH3 and, optionally, CH4 domains; and 25 there are at

| east two bi nding domains having different specificities in the polypeptide
conpl ex (see figures 4 and 5). As defingd for the first aspect of the

i nventi on above, each heavy chain constant region preferably conprises at
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obtained from compatible recombinant DNA sequences. For example, the heavy chains

3

may include a natural hinge or engineered flexible polypeptide domain both between the
binding domain and the amino terminus of the Cy2 domain and between the effector
20 domain and the C-terminal end of the heavy chain (Cy3 or Cy4).

The heavy chains in the polypeptide complex of the invention are expressed as fusion
proteins. The effector chains in the polypeptide complex of this aspect of the invention
may be expressed as fusion proteins or may be assembled by chemical means or, if cellular

in nature, may be isolated from blood or tissue, or captured iz vivo (for example albumin).

25 In the case of genetic fusions, the attachment of the vatious domains may be achieved
using a recombinant DNA construct that encodes the amino acid sequence of the fusion

protein, with the DNA encoding the various domains placed in the same reading frame.

The effector moiety, if present as part of a fusion protein, may be located at either the

amino or carboxy terminus of the complementary assembly domain.



may be expressed as fusion proteins or may be assenbl ed by chem cal neans
or, if cellular in nature, nmay be isolated fromblood or tissue, or
captured in vivo (for exanple albumin). 25 In the case of genetic fusions,
the attachnent of the various domains may be achieved using a reconbi nant
DNA construct that encodes the am no ackg sequence of the fusion protein,
with the DNA encodi ng the various domains placed in the sane reading frane.
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domai n. 30 chéxhicalrmethodsphsyalrendyckmbomein lse arty rather thdnf tycheing synthiesisadeag alfgsion
assenbl ed b¥ normal peptide chem cal nethods, as already known in the art,
rat her tha# ‘H?/mbei ng synthesised as a fusion protein. Linkage may be

“th h i de bond h hem [ 1 . | e, h
L1 oo miidase iy Boltpuish a0 ROHH P6 TR S iakage, Fak SIS Bonai n
or it ma eﬁ@ctﬁpﬁmeﬁﬁﬁw b@glé}s%ﬁé boRddde tﬁ@e&mﬁeﬁeﬁt&rgyasm%mﬂ% Ray f Or

exanpl e by using a emc nki ng structure such as a nal eimde |inker.

The ef f ect be choiiselly bagded tpdhé complenientarya asgeinblyaddnanin,i for ekample Hyyusiigai n. For
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Pol ynucl eot' sequences, vectors an he present Invention al so
provi des adpmhinsas lthistmight istegieenwith @n editcioy fnctiemayd theadimegfatioardonmims. of t he

pol ypeptid exes .of the.present.invention vector c ri si.n ne or
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transf or medemytdhain vida yeidRfleRMOBRKRE of Hifgd ¥ cioN 86 Bs RIfacllitaf) H@PRAdeE
conpl ex _of the present inventiaon., The polynucleotides preferably include

sequencéd hEdag/netion of sEe@NIpeisdsd heavy chains to be secreted as
honodi mers into the mediumin which the host cell is grow ng. The host cell
may be of Xelynyclegtide seqnenaesiveetorrand host celldd yeast cells, but is preferably

a vertebratge hostn ifintion H85 SroRidel & poRGCIBotiR TR dnRL el g 4@ davy chain of

any one of the polypeptide complexes of the present invention, a vector comprising one or

more of the polynucleotide sequences referred to above and a host cell transformed with a
20 vector encoding the heavy chain of a polybeptide complex of the present invention. The
polynucleotides preferably include sequences which allow the expré:ssed heavy chains to
be secreted as homodimers into the medium in which the host cell is él'OWiﬂg. The host cell
may be of any origin, including baterial and yeast cells, but is preferably a vertebrate host

cell, more preferable a mammalian host cell.

25 Transfection of the same host cell with a second vector encoding a heavy chain comprising
a binding domain with specificity for a different target results in co-expression of the two
constructs and the assembly of a mixture of homodimers and heterodimers. Homodimers

will show specificity to the cognate antigen and heterodimers will bind both antigens.

The present invention also provides a host cell transformed with a vector encoding at least
30 one effector chain of a polypeptide complex of the present invention. The host cell may be

of any origin, including a bacterial or yeast cell, but is preferably a vertebrate host cell,



25 Transfection of the sane host cell with a second vector encoding a heavy
chain conprising a binding domain with specificity for a different target
results in co-expression of the two constructs and the assenbly of a

m xture of honodi mers and heterodiners. Honodiners wll show specificity to
t he cognate antigen and heterodi mers w Bl bind both antigens. The present

i nvention also provides a host cell transfornmed wth a vector encodi ng at

| east 30 amwe efrbfecdbby a:hahnmdﬁnah@mlgﬂepﬂhdmnHQWpMﬁxaﬁbdnhah@meammtbe

invention. The host .cell of .an i ncluding a bacterial or
yeast cel | SYPESI§° uﬂf‘%fngpg’g%/ﬁ’é’h %’P @’%r%%t cell, 31 nore preferably a
manmal i an st cell. Aternativ he effect or hali n be esr sed
usi ng net hé@’@ P@iﬁ‘i?@ﬁn‘fﬂl@%ﬂ]ﬁ‘&\ﬂr "’rﬁf %/ﬁgo%rcf’ﬁ g T”%%t ?)(ﬁx%fl gast

provi des aoheﬁ& %hémbraa c&hﬂtaxa megie@éntmﬁ%ﬂl%ehoéteaﬁhlay%eefheavy
chain of a polyp ptr e conpl ex of resent invention. The host cell may

be of 55angy 9ng1gr imcluding) E{hilﬁ’wgalaprb’&aﬂt ecli,ehllt isrproferably & edrichratabost gelbm@rrer ably

a vertebrat ceI f rgég! | tively
t he heavy %{':11% %mglf/n%}hoesg?e?eg‘ 'ite Ve?y {rir;e%t &B\I\H{] I%%' g g’”l?%eé@ﬁ& :ﬁ&ﬂg
art. The prmwmnhméhmwmﬂn&mam.ovr des a host cell transformed with a
vector encoding at | east one heavy chain and at | east one effector chain of

a pol ypept ihe pesasiitlifventibn LIS pidvRIRS Bhost bell kraNsForiniedvith § @edi®iSdncédh atrlaaStbe of
any origin, including a bacterial or yeast cell, but is preferably

vert ebr at e Wedeaeshain hs & lpask prg afftcor chawrpfed palipentide cemplex omtheem%ﬁnr vel y
th h t d

i ch ars EboR RSl AGE b HARFOHER, 1t @lie £ BRI L A0ee

t ransgenic pmefgrahiysarweebehrawslmsh@l]amoteemsferabima maﬁmtwanytostrma]l thmmi}velyrthbr et er o-

maybe & non SRR T8 URB AP DR AT Bag petiedh AR RN

invention ghawRaprovides a method for the production of cI ass speci fic heavy
chai n-only anti bodi es and VH domai ns thereof, according to the first aspect

of the i nvygRhésidre, e p&geaﬂirﬁzeﬁtgmapréméssmaisge@é e;?ahﬁ &brdsfifig BY RERBhe
invention with an anti gen. 20 In pref erred enbodi ment of this aspect of

t he i nveft itksaVy ehain b@lgawrshetrrg- élmrmg eptifle gonudercef the m@seahmvweghand
| tid q?ﬁ]% % ons, |
Irorgnﬁrl‘o S(F:)t Iur ﬁrng yst ens, e@aﬂ%adeﬁsolﬁo %ﬁéﬂa@gbgr scusag gagﬁér{teoéé# ) Zggvg

Such syste 'ﬂ}% ta?so D ﬁ:)od fof 8I8S S@dc%toﬁ%tft a§s~ glﬁ% G
chi ckens an I Nsec arvae a nmass r arl ted
product i on chyistoaiys ,anmbvdiesdandgVH domams thereof, according to the ﬁrst aspect of the

invention, by immunising a iransgenic organism of the present invention with an antigen.
20 Ina preferred embodiment of this aspect of the invention, the organism is a mouse.

The production of antibodies and polypeptide complexes for healthcare applications
requires large scale manufacturing systems, examples of which ere discussed in detail
above. Such systems include plants (e.g. maize), transgenic cattleéat;ld‘ sheep, chickens and
insect larvae suitable for mass rearing technology. Other production systems, including

25 virus infection (eg baculovirus in insect larvae and cell-lines) as an alternative to cell
culture and germline approaches will also be familiar to those skilled in the art.

These methods, and other suitable methods known in the art, can be used for the
production of the polypeptide binding complexes of the invention. Production of

homodimers and/or of heterodimers can be achieved using these methods.



25 virus infection (eg baculovirus in insect |larvae and cell-lines) as an
alternative to cell culture and germine approaches will also be, famliar
to those skilled in the art. These nethods, and ot her suitable nethods known
in the art, can be used for the production of the pol ypeptide binding

conpl exes of the invention. Production @2 honodi nmers and/or of heterodiners
can be achieved using these nethods. 32 Uses of the Heavy chain-Only

Ant i bodi es Bqd ol BERYI HLinCONRY Sxdfodds andPolypepiitle Compldes b Invention- onl y
anti bodi es and pol ypepti de bindi ng conpl exes,of the inventjion have r eat

] / a g
number of apisiheawy Fsipsonlygatikodigssnd pokypeptide Hinding commplexes of e dnvsaborlavend
pol ypept i dea@%ﬁhﬁfb@?a@#gﬁ&%oﬁé?ve”“ on 5 conprise bi- and nulti-specific
pol ypept i de Tonpl exes. ese conpl exes are particularly advantageous, eg as
t her apeut i f he.t n ' ke ' [ . The
neavy” chai rebtmbld: s BERY R A RBEUE Bt orrkl EhbIBS S iEiidRRon
i n\ée gti 015 ajofpriss Bf—whdfnmﬂﬁ@yéoﬁﬁ:&]mb } yigeptidé edﬁnplbieﬁg',l“h&sarcgm‘pldxgs :cmetﬁaﬂd:al’ ar11|Lyhe(rj apy
an i agnostj cs. | n nono-antibo t her apy, .pat hogen, escape,. for. exanpl e due
to a nut at i ¥aNRSEIPH GE #3 hegpeutics fcsﬁe %eﬂ%ﬂ&ae B{eﬁa{}w& of iifections fSESBY | sh t he
t herapeutic_effect of the anti hady. The production of heterodi ner
pol ypept i deThedivgyy shain-oplyaghbediesyand; polsertide binding cpmploxes ofcthe apwention #Sgen
can overco ! : : i gl mai ns havi ng
d: ffeLent t _r{%!gﬁeﬁc]fo?ic |O?®g§g?%%}§g%§%{g%%%%e%?%gh§%ﬁx%gIa%!gﬂ%ﬁggi nventi 043 can
al so be uti.i ) -C r ogen
interacti onﬂs].ni%g #ﬁbgﬁ%ﬁ%ﬁlﬁi r?g%[fgc{l%eé?dﬁgf(%%%tl gtttad gg@ﬁ@@xé@%@ﬁ%

i nventi do o diegledbintingesite, Witlrabolshathg terapeutidefiatt) of the laytiteyyi Tiee prodydtioxes
bet ween two %gll d&]%%es such, as a‘{;%t hogen .an&f% ma rogsza , Or a_ funour
Cel I and a oF Heleroditby RoLYRRII SOPPIERR b i ihernt BHEPRS OGS SHPRRBltETe ( wo
or nore epidARRRrcdMeltAR SrOBRmPahBEE bf it Tdhsetv S birfding dd18dihd RaiBs QAeffer@ftovi ded
by the heavy chain constiant region alone. 20 Alternatively, bi-specific

pol ypept i desppsificitipgindberpplareniidpeymplexesafdhe mventiogeaan @lsp bs witiged tojenbancs i n
vivo, then sub ﬁ%t!e%’acﬁ@ns%?ﬁrcéﬁ/ﬁatﬁéﬁjeﬁ?ﬂt@ai: seffector nolecules or imaging
p I'C tuno arge

agents. For ‘exanpl e Dbi-speci I ng agents can be used to

conver oifan rigt R B8 pEOPRAAE Be el 1P 8 SEARHAN oan THWIREE r,

conver si'on “of “pro- 0 Te i - speci
conpl exes iexamplebtortaidge polypégtide tomplexss batyeeh sworesll Bpesdush abepathegéntand i nd

and destroy one_.or nore, pat hogens. depende on, the_ sel ecti.on of _binding
o ne. | AmERSEIRES Gyt UL and & B A tesratveietss pafibreidb sranmic: ey ch

recognise two or more epitopes on the same pathogen with effector function being

provided by the heavy chain constant region alone.

20 Alternatively, bi-specific polypeptide binding complexes may be used to target cells and
tissues in vivo, then subsequently to capture circulating effector molecules or imaging
agents. For example bi-specific tumour targeting agents can be used to capture pro-drug
converting complexes for the subsequent localised conversion of pro-drug to reactive
agent. Bi- and multi-specific binding complexes in combination with effector agents may

25 also be used to bind and destroy one or more pathogens dependent on the selection of
binding domains. Alternatively the presence of two or more bindihg domains which
recognise different antigens on the same pathogen provide clinical advantages and reduce
the likelihood of pathogen escape and drug redundancy as a result of mutation within the
pathogen.

30 The present invention provides heavy chain-only antibodies or fragments thereof according
to the first aspect of the invention, polypeptide chains and complexes according to the

second aspect of the invention; and effector chains and polypeptide complexes according



recogni se different antigens on the sanme pathogen provide clinical

advant ages and reduce the likelihood of pathogen escape and drug redundancy
as aresult of nmutation within the pathogen. 30 The present invention

provi des heavy chain-only anti bodies or fragnents thereof according to the
first aspect of the invention, polypept3izde chains and conpl exes according to
the second aspect of the invention; and effector chains and pol ypeptide

conpl exes RAROMEHINGPRBof the idveatidn) iAlidra sEeSle fof phdt@additied s®fh hubhdns 2dnd
suitable for pharmaceutical use in humans, and so the inyention provides a

phar maceut Soctie 1BGREOR Provides CoPRSTNATeHHCH HBROSILIOH SOTHPIHRG 2 heaty pham-only

pol ypeptid I N Q hal y [ G f nt

i nvention. &?ﬁg&h n@%ﬁée{pﬁﬁé a(%hisifg’ Ser?%%t%eogginhgleﬁ;gg% g?&%nﬁlggévgc%%:ﬁ%- g’%‘%?/&

anti body, iavéntionl Vijhe pinivelttion hasmn previdesf thectser of aiheawyr chaipohlypeptiody, @onpl ex
of the esent j.nvention i the.preparati of medi canment , for the

o ophyl o BOTHRRaHGs i g0 st A GOk BeIbss fom Bl ABEDI EERIR Hay be
for mul at edib QeEjalibn AF aSREAERIAL Yor 8 PEPUGRKis QMR ereRIAEbE @fsease. Heavy
adm ni strati on and action of the nedi canent. The pharmaceutical conpositions

and nedi casndraffeciar chainspiyx b fopmplater degatires s sepgeately.cdepaglenien e srangeriddn t o
patients. fwrlh %é%m%lﬁ agt%%[mlﬁgﬁ{;méﬁom y anti bodi es or pol ypeptide
H€ mxeg W stabiTi

conpl exes nay Ser's, plarti cularly if they alre to be
I hi i : diti f . i . : , t [
typ cal ot onptafetcoRrRio ol SRR g sil G0 bl B35 ' ©

st abi | | Her adnsini¥Btion t6lpatidtsran serum al bumi n (preferably reconbi nant) can
al so be added 15 as a stabiliser. Mxtures of sugars can al so be used, eg

sucrose angor@aiipled the héa®h hsi SnBN dhtibdBRE iok Polypeptide dBuipldkes My Wemaeded to
the conposition, eg a Tris buffer, a histidine buffer, | ycine buffer or,

a
pr of er abl ywith SighiiseimReeioplaly aF thes grece e Ay pbAied AIIRIL 0| FRERD (RETIBHIObha ¢
and di sodj S o A . . ive £ t ween
72 and 7. BV RABREPRZRERIC P bIRD ok torRlishfon] oY Lot
reconsti t utalilisenfis manditpbHuirharsserin albustie (preferahbit cothbinaithpacilsobe addedbe
used. lf.is alsa. sible to reconstitute.a | yophilised cake wi.th a

aq ueousfsc omgﬁqlﬁ?ﬁ%ﬁﬁ i SHEATR i Ressrh o8 %‘ﬁﬁls% mtpggqeyalose an
reconbi nanfphenifegees. al |y, the heavy chain-only antibodi es and pol ypeptide
conplexes will be utilised in 25 purified formtogether with

phar macol ogifa! hyy 88 RIGRN tohe cERAPSIItRILS eg a Tris buffer, a histidine buffer, a glycine
buffer or, preferably, a phosphate buffer (eg containing sodium dihydrogen phosphate and
disodium hydrogen phosphate). Addition of buffer to give a pH between 7.2 and 7.8 is

20 preferred, and in particular a pH of about 7.5.

For reconstitution after lyophilisation, sterile water for injection may be used. It is also
possible to reconstitute a lyophilised cake with an aqueous composition comprising human

serum albumin (preferably recombinant).

Generally, the heavy chain-only antibodies and polypeptide complexes will be utilised in

25 purified form together with pharmacologically appropriate carriers.

The invention thus provides a method for treating a patient, comprising administering a
pharmaceutical composition of the invention to the patient. The patient is preferably a
human, and may be a child (eg a toddler or infant), a teenager or an adult, but will
generally be an adult.

30 The invention also provides heavy chain-only antibodies, polypeptide chains, effector

chains or a polypeptide complex of the invention for use as a medicament.



The invention thus provides a nethod for treating a patient, conprising 4
adm ni stering a pharmaceutical conposition of the invention to the patient.
The patient is preferably a human, and may be a child (eg a toddler or
infant), a teenager or an adult, but will generally be an adult. 30 The
invention al so provi des heavy chai n-onl g4anti bodi es, pol ypepti de chai ns,
effector chains or a polypeptide conplex of the invention for use as a

medi canent .Th34nvehfiéh AlBYFOtidedntha bhsofihOhdad¢ shdift@nlysetibbdiéd) gol ide eheihg)- onl y
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aut oi MunefgegiphadEant Qfe)(st}%aﬂéréé?,,r dfidier,i R4 GnAInEdK GR@Yothb fsbBIMRLRIYs; Dovel
di sease, arthritis, psoriasis and respiratory tract inflammtion, asfhma,

i munodi s omelslepreliferative dlisordessnswrlaras levkensini oan-Hodgkii ywwbemb.alevkepeniascul ar

di sorders, Jncluding hyper.tensi.on,. e anai pa, .. at.her I S

e ombos o OBk Rk ERE NisoRSEl° Ripoy Yulime; BOEIAIRRRRNROD
di sordene idisokdes, ninchidiver allerges inlansyidie nbavet e disease,Alaztheitisye psaiadiss and e,
brain injury, 15 anyotrophic |ateral sclerosis, and pain; fde\iel opnent al

di sor der's; TFRiraigET fractdnlammaian, asthp, Enmynesisorlers aud, Bigen (asPIg TSt s s,
and obesi t yardflvaeufitd ah& N Fhscla CBR6rders | RRIARMES hypbiilsidl] Ndedéinad! adgifagCl i on,

bacterial infection, fungal infecti on and parasitic infection, _
pat hol ogi cathesaselgiasisphsombasise sepsisdshaick hreperéaspinaininy.cand rischemias epeplagitabgi cal

Condit1 0nS litherd Bt bOlfTTBNBLDSTARY. 0i800 TBRGHEAD AocdSPBER, S e

present in es the use o ) o )

pol ypept damyotropti¢ 1aerablsederosis, ahid paingsientlopmumtalt disordas; aatibadyjo adisorders
prognostic, or therapeutic imaging agent. Furth re, the present jnvention
provi des t H%c?uda%gla‘?&as lﬁé@w’ e%%apgr%_%nﬁnd RSt %%P‘H&Fé)eﬁﬁ?e_ PoBRt

i nvention gh@agngviral infeibal Badtk2) Wedcho®NRinghl {Héqﬁoﬁf}z{n‘a%?ﬁﬁsi{ié IjfREtonC hai ns
of the present invention as a_ 25 therapeuticC inmaging ,yaigent , a cytochem cal
reagent or pathalpsisal ¢andifigasassociated with the placenta and other pathological conditions and

for use in immonotherapy.

20 In a further aspect still, the present invention provides the use of a heavy chain-only
antibody or polypeptide binding complex of the present invention as a diagnostic,
prognostic, or therapeutic imaging agent. Furthermore, the present invention provides the
use of a heavy chain homo- or hetero-dimer of the present invention alone or in
combination with one or more effector (light) chains of the presenf invention as a

25 therapeutic imaging agent, a cytochemical reagent or diagnostic agent.

The present invention provides the use of a heavy chain-only antibody or a fragment
thereof as herein described as an intracellular binding reagent, or an abzyme. Preferred

heavy chain-only antibody fragments are soluble antigen-specific VH binding domains.

The present invention also provides, the use of an antigen-specific single chain antibody or

30 VH binding domain according to the present invention as an enzyme inhibitor or receptor
blocker. Preferred heavy chain-only antibody fragments are soluble antigen-specific VH
binding domains.



The present invention provides the use of a heavy chain-only anti body or a
fragnment thereof as herein described as an intracellul ar binding reagent,
or an abzyne. Preferred heavy chain-only antibody fragments are sol uble
antigen-specific VH binding domains. The present invention also provides,
the use of an antigen-specific single ai n anti body or 30 VH bindi ng donain

according to the present inventjon.as an,epzyme |nhibjtor recept or
D1 ocker PR BOrERIHERRR ARTAVR o 3 Doty (PRAgERL gnateePt prtotle

anti gen- Spﬁ?'u&é & a\hbrapufie) iR o .rﬁ,%iaééstic-,rg&g'%%? fAkedtNvention al so
e fector

provi des t use of a VH donain Tused to an e nol ecule for use as a
t her apeuti ﬁrief FGoA9E Me DA ostic, abzyme or reagent. Brief Description
of the Dra - shows a pol ypeptide conplex conprising a

bi ndi ng domai n Figufe/lA)andi hx stwstsiaopolyimptide cdroplex oomptisingribinddkE demeinCH4)

and a effe r,..noi.et. . Bi.ndin i,Ns d.ef f.ect noiefie y be
posi t i on;{ed?‘zlgs 4@8“%?&%“%%%%8@%@%@% andgﬁ'é@ B g ﬁgécé?rn@me a lﬁﬁ
domai ns. Fhaidy ®nlakddlead sfiécforméibesthdiaR: foktioh&Dit @Sansih of Edb&F t&ihindti gur e
2A and 2B: shows djfferent configurations of binding domains and the

r epl acemenendspf thgfdimerization detpaips.noi ety by further bindi ng domains. A.
Preferred option since honodiners are produced. No separation of products
required. B. M Kiexible linkets (1) audihings 6 )aeglonseet indisdieder s are produced.
Separation of products required. Figure 3: shows a heavy.chain pol ypeptide

conpl ex i NFips&oTA add 2B: shotvh ddferet tardigaratiohaofibindidg dorediheatdahe edplicemednpri ses
a conpl epent ary _bi ndi ng. domai CBD) and an effector 15 npie ( . CBDis
recogni é%d%?ie@ﬁ@ﬁfﬂ W@%%bgﬁﬁa“ﬁ’( b‘é)Bg?dé’mF‘%e‘g {’@fe&edfgapgm 8%10%]%‘%/‘%‘5&8 T e.g.
enzyne, toaenpmeb@ehatbw sepai@RdnNOf paRIbts Fhhifet a8, SNk e2MmoBRdRXd el zed
separately fromheavy chain. Figure 4 shows a bivalent secretory IgA in
associ at i ohetgjotlimess are praduged. Bengeation 5T produgds requiéd- i val ent heavy chain-only

| gM i ke pol ypeptide conplex 20 assenbled via a J chain. Figure 6: shows
t he str at efigufeod: shores gbeatyachainrpodipeptidercogwiixcinrrssosiatinp withsinregfeator ClpBi| ocus

and the fupeti | generatijon of heavy chain-only anti i\es .and MH domai ns

2 resul b sy ARIECRAR: A coliliniorial? sk fofih 2 gl eitdidiig

gener at i 9n ety (BN JEBDCisneCenised bySEMNGL Beavy PMain0OBD is fused to-or part of
effector, e.g. enzyme, toxin, chelator, imaging agent. Effector chain can be synthesized

separately from heavy chain.
Figure 4 shows a bivalent secretory IgA in association with a J chain.

Figure 5 shows a multivalent heavy chain-only IgM-like polypeptide complex

20 assembled via a J chain.

Figure 6: shows the strategy for the generation of transgenic mice expressing an IgG locus
and the functional generation of heavy chain-only antibodies and VH domains as a result
of antigen challenge.

Figure 7: shows the strategy for the generation of transgenic mice expressing an IgM locus
25 and the functional generation of heavy chain-only antibodies and VH domains as a result
of antigen challenge.

Figure 8: shows the strategy for the generation of transgenic mice expressing an IgA locus
and the functional generation of heavy chain-only antibodies and VH domains as a result
of antigen challenge.



25 and the functional generation of heavy chain-only antibodies and VH
domains as a result of antigen challenge. Figure 8 shows the strategy for
the generation of transgenic mce expressing an IgA |ocus and the
functional generation of heavy chain-only antibodies and VH donmains as a
result of antigen challenge. 36 Figurgg9: Sequence alignnment of the PCR
products obtai ned from bone marrow cDNA wusing V.1 and V,a,2 priners in
conbi nat i oRg L . ' ] Y '

const ant 1 aigtst 9: Ul MERie R i POR SRk Rpi tRue SN,
resul ts shasing Nail aB8IV::2 priwersie aembidaticd wtlgumsasn Ch@-prBner Stomumpicgcentaihing

VH canelid VH (VHH) copsiructs., 1-.n stands..for,.an unber of \ es, or D
or J segneftSSUSTH ﬁ?ﬂsﬁﬂf TCEIRS ¢ %Ebr?f’e B capigh ﬁ%rf%}%ﬁgg?? femaeyp @{g:’ﬁg’s, 25
functi onal LuBedaRitha Pl ¥aolrefRed. uncti onal ones) and 6 J segnents. In

case of a C (for IgM or Cs (for IgE) region there is no Hregion and there

is an adgiti Onairi(% : IR SRR SNVIEIBmERd VM (VIR 195 Sind3F¥eadyeen

mutated to provi olubility 10 as describedin t%e public domain The VH
genes, D amumbersfgitd geresaomD Or dsogrmerds. dhp mefmaal bimplementiof the humewldeds fse f r om

h ies i i lids, n,the.lat. | j d VH
(Vi genedt SCatiie Aouniondl PpBae it nAF SRlibi ohFY ol P i re g e 1a.
Mouse | MUghseaf b Op (F1EUY beCa(fer BiF) kdpitshthérs 3900 Heégibherhdiaae idd Mditdhal 15

heavy chain-only 1gG agal nst E. cola HSP7Q. Figure 15: Flow cytaonetric
anal ysi s a&dl4 expnhemeer 6HR ard M- Jhe ¥4l ganes(s)diave peeadnutated iq provide palekilityy om

transgerfbcagh&gﬁbeléglgﬁfegmgﬁc Eﬁﬁéiht s of ELISA analysis of DKTP i muni zed
transgenic mce an sequence anal ysis of resulting antibody library. 20

Figure 17: | es S tic tati nd .V [ rangenen en . In
s zed AP AR EREs P B8 ek el bl CRRRef Y R R SRl SRE ol
Tet-on cel kny bfter kpeeits fiacludidg Wainelids. & fies) Reteipbas rthel camelid VI (YHAY gendsi body .
Figure 19: Results of Western bolt apalysis of sera of transgenic nouse
lines. 25 mog@rr@tbﬁmu@@@whezmwtaﬁw Wle.human | gM ni xed with human singl e

chain IgM produced by the IgMplus 1gG | ocus mce. P )
Figure 14: Mouse immunization schedule and antibody assay for the generation of

15 heavy chain-only IgG against E.coli HSP70.

Figure 15: Flow cytometric analysis and immunohistochemistry results for spleen

cells derived from transgenic mice.

Figure 16: Results of ELISA analysis of DKTP immunized transgenic mice and
sequence aﬂalysis of resulting antibody library.

20 Figure 17: Examples of somatic mutations and VDJ rearrangement seen in
immunized transgenic mice.
Figure 18: Results of immunostaining assay on Tet-on cell line transfected with
response plasmid containing AS antibody.
Figure 19: Results of Western bolt analysis of sera of transgenic mouse lines.

25 Figure 20: Size fractionation of human IgM mixed with human single chain IgM
produced by the IgM plus IgG locus mice.

Figure 21: Results of ELISA analysis of single chain IgM and IgG antibodies

raised against human TNFo.

Figure 22: shows a sirategy for the generation of a homodimer plasmid with
30 binding affinity for HSP70 and aGAG.



Figure 21: Results of ELISA analysis of single chain IgMand |1gG anti bodi es
rai sed agai nst human TNFa. Figure 22: shows a strategy for the generation of
a honodi ner plasmd with 30 binding affinity for HSP70 and aGAG. 37 Figure
23: Functional expression of honodi mer pol ypeptide conplex in CHO cells.
Figure 24: denonstrates functional bingyng and sinultaneous of honodi mer

pol ypepti de conplex to al pha aGAG and HSP70. Schematic representation of a
bi valent, 5 b'm@%%f lpfanamnbpefbfess@; S@PB&Hod{ﬁH BblyBerig @ple¥H2Ciig ect ed
agai nst gag) IS oned onto the car oxytei m nal end of a heavy chain only
anti body celit.ai ning the other specificity (VHH directed agai nst HSP70).
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where al | cyst Figurs iavdenimmetmates finational byinging| ande simubinneons Jof hézoadimBit | SA
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(1:2 dik Sd6) Qmﬁ t ol and
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strategy f Ibgﬁﬁﬂ\;imxetaﬁﬂleg &Pj‘an%f JPRRABIR' RS gééfée(g\é,ﬂt% Hgﬁ‘m'(? &fit). BREd onal I'y

in associa flector a| ns carryin flunction 20 Figure
26: shows Hohad $>t0‘tahse gythf samplehbufgﬂ e~ mbrcaptoeﬂlaﬂmb rand] irure on (B35 \epk (Staid ewith

conpl exes, t|on i n,associ ation W|th fecto sc ryi l.gA
ef fector fRORETPRS! fons gpebagiesy e?:g‘?i"ﬁshuggg’uﬂl ngg \?(\AE’% Rg‘ﬂ?‘g
techni cal 1661/ Wik fd GabbRIAE (bisEY] ohﬁS?W H@ﬁ@cwﬁm}%m HiRA [ 1A
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Figure 25: shows the strategy for the generation of homodimer polypeptide
complexes, optionally in association with effector chains carrying IgA effector function

20 Figure 26: shows the strategy for the generation of homodimer polypeptide
complexes, optionally in association with effector chains carrying IgAi3 effector function.

General Techniques
Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art (e. g. in cell culture,

25 molecular genetics, nucleic acid chemistry, hybridisation techniques and biochemistry).
Standard techniques are used for molecular, genetic and biochemical methods (see
generally, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed. (1989) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y. and Ausubel et al., Short
Protocols in Molecular Biology (1999) 4th Ed., John Wiley & Sons, Inc.) and chemical

30 methods. In addition Harlow & Lane, A Laboratory Manual, Cold Spring Harbor, N. Y, is
referred to for standard Immunological Techniques.



Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y. and Ausubel et
al., Short Protocols in Mlecular Biology (1999) 4th Ed., John Wley &
Sons, Inc.) and chem cal 30 nethods. In addition Harlow & Lane, A Laboratory
Manual , Cold Spring Harbor, N. Y, is referred to for standard |Imunol ogi cal
Techni ques. 38 Any suitable reconbinag8 DNA techni que may be used in the
production of the bi- and multi-val ent polypeptide conpl exes, single heavy
chai n ant i Adive@ble aBebnibiR@i BN téchrigee may tefustén fiiequediction\oéthid binandypi cal
expression vectors, such_as plasmds, are constryucted conprisin

sequences BYHalsnt polyreptide eqmplees agle, eqyy cphpa %@W@E@p@q"o‘gm tg?'e 5

ant i body. | Bl i e pleQEAN LGS, fiRh o8 A%HiGs, AR GG EA!

f ragnent at(f%(r)ﬁrée ?&S&@qu’lrﬁer@gﬁomlﬁs I:3md ésH;rk)’ar at’i on oasqﬁesu{fst’ant c?lﬁ})agnent S
maybe usecdonipriging Di$A stquencestbiing foil each jof tha chains\vof theopalypaptitiesdomplex onst r uct s
for the _expr.essiqgn of, .heayy.chain.onl nti bodies.ipn tr eni c .mce and
the condt PG AK utabli exabighed sponms ol sorvie 23 shemisd! Trbmentztigh O e

I nvent| On-m;laﬁmb%mwiﬂsﬁ@s@ﬂﬁﬁsﬁbﬁkgﬂt@m@nﬁmwﬁﬁe&tor may be constructed
whi ch contains the DNA sequences coding for nore than pol ypeptide chain.

For i nst anpg pbliee BVen@EANES GRViB LA tholuglbdrk@a R k68 kol D TRY e

i nserted at erent positions on the sane plasm ternatively, the DNA

sequence dwedvynghdivonkyaantibpdiby pepensgenic mice andréhe tmsiruntiontand expessionliofi dual | y
into a plasm d & hus producing a nunber of constructed plasm ds, each coding
for a par tR@ GB? ep°8f‘9’gaé‘8§$€theg‘ﬁ§?nﬁ?nvﬁ? Ferably, the plasnids into which the
o it SR SRR e AR B BB o g
for each afqldABesP@IARE Rirl SH6reCihah @%15189%1;;&3%1@94. YHOR RhdtAlRe, CABPDIA. sedfenddl t abl e

rl
expression vectors whi (;Hh may be used for cloning in bacterial systens
include ingedingitwo differerd ded chains paRbe insprabat difaeyiposgivns va thesamphage
DNA or dg{lé“s\ﬂﬁ&ives of any of these. For use in cloning in yeast systens,
sui t abl e expressi on vectors include plasm ds based on a 2 mcron origin. 25

An | asm g, cont ai ni,n appropriate mal i a n [ onot er . sequence nmay
b ubed: | AUEREE HRADR, SBREAR' Lok 1R UERN R, R B bR o, o
sequenass indlyidasilyimesh plhimid] haepiodaethd 2 @@MBerdfRbAHBLIA plafiuils, sxek todifg | ncl ude

| asm ds derived from_ for, instance
P for a particular IrQ)lypeptide chain. Preferably, the plasmids into which the sequences are

inserted are compatible.

Each plasmid is then used to transform a host cell so that each host cell contains DNA

sequences coding for each of the polypeptide chains in the polypeptide complex.

20 Suitable expression vectors which may be used for cloning in bacterial systems include
plasmids, such as Col El, pcR1, pBR322, pACYC 184 and RP4, phage DNA or !

derivatives of any of these.

For use in cloning in yeast systems, suitable expression vectors include plasmids based on

a 2 micron origin.

25 Any plasmid containing an appropriate mammalian gene promoter sequence may be used
in cloning in mammalian systems. Insect or bacculoviral promoter sequences may be used
fir insect cell gene expression. Such vectors include plasmids derived from, for instance,

pBR322, bovine papilloma virus, retroviruses, DNA viruses and vaccinia viruses.

Suitable host cells which may be used for expression of the polypeptide complex or

30 antibody include bacteria, yeasts and eukaryotic cells, such as insect or mammalian cell



pBR322, bovine papilloma virus, retroviruses, DNA viruses and vaccini a
viruses. Suitable host cells which nay be used for expression of the

pol ypepti de conplex or 30 antibody include bacteria, yeasts and eukaryotic
cells, such as insect or manmalian cell 39 |lines, transgenic plants,
insects, manmmal i an and other invertebrgte or vertebrate expression systens.
Pol ypepti de Conpl exes and Single Heavy Chain Antibodies of the Present

I nvent i onjindst tréﬂs%éni@ﬁaﬁt,dﬁée‘é{spﬁdm%dﬁﬁén 4iRdrother DBl leiod Qertbialé e:f(;;ressio@ single
heavy chain antibody’ and 5 'heterlogous heavy chain |ocus' of the present
i nvent i onsysfesw. i ncl ude honol ogous pol ypepti de and nucl eic acid sequences
obt ai ned from any source, for exanple related cellul ar honol ogues,

honol oguePBolypeptidet GanplepescindSingld Heavy €hain Antibpdids i theRyesenih Baveption Thus,

t he presept .i.nvention conpasses variants, ,he es o _.derivatives of the
pol ypept i Eémhé’ﬁﬁf‘é‘?{étgo‘gﬁ%{)ﬁ: ti %@8?3855%%0“?@?’%1 &@@%ﬁ?ﬂ%&ﬁﬁm&w@y haéﬁcont ext
of the PragRilbgdus VRAkY Ofhairf 166U3D o GReI SpréR Al Siveatiors dldk githide hatadlugausan

am no aci d sequence ich is at least 80, 85, 90, 95, 96, 97, 98, 99, 99.5,
99. 6, 99. polypeptide andquoleic; ¢rith sequsnces gbtained Sy aay spuige: fop gxypplggolated

i denti cal 1,00 j (=10 : . 0, 70, 90
or 100 amce%@xﬁag%?@gﬁ)%kf ﬂ%ﬁ%@gﬁﬁ\%ﬁo‘%&é %’Il%f'l %g%%gﬁ%%r@?gjéﬁ%%oger ns of
simlarit I ... €. anm Ld resi ' 17 chem cal 15

properti egv}’\gsu n%? ip(g%g?t?g:}v%ﬁ%(ﬁle elgcg)n%ggs? S 3&4 Msg %drng@) ©s iO}r}lv&egrrf& ?ﬂé‘ﬁegi ?f |th§

pref er r ed pblgpeptine esdple@rant agibodies bekardindbscibedience identity. The present

i nvention also includes constructed expression vectors and transforned host

cell's for IMER donteRt Ol Pidsdnld enveatiot) @PhdrhiloSRRTeqIcRSe aNBikéNtd BeRideanof the
present invention. 20 Arter expression of the i vidual chains in the same

d
host cel | amingegidygguence bichhis pldlgast 80, 85y YUid§e%% r?:?.!n 25981 B2 98& 9HEp?3-Be
| e . ! . ; i ! t hat |
o br of or 20 erA e BRb S TLder o b pa I EUIE arhfo g 788, © 02
processedldagt 30 eprhfesblyc 60) 70,09¢ or 00 enine apidet Althaigh pemidley canplsebeor
ot ector BARRCRISKo n, RotT8 dE QS DUY ooy 558 89 HEROHSY Bevingorimuar Fidrionl

synt het 5 C proparies/fubBiy), Cidethe fRhtekh 6f HeeRadeat ifRndn iteis PéfeRan to. agrkdzody
pol ypepti de conplexes 1s described in the above references and also in, for

exanpl e, bBpmplogy gptgrngsraf:sequenge igeryd® 684 and EP-A-0 436 597.

The present invention also includes constructed expression vectors and transformed host
cells for use in producing the polypeptide complexes and antibodies of the present

invention.

20 After expression of the individual chains in the same host cell, they may be recovered to

provide the complete polypeptide complex or heavy chain-only antibody in active form.

It is envisaged that, in preferred forms of the invention, the individual heavy chains will be
processed by the host cell to form the complete polypeptide complex or antibody which
advantageously is secreted therefrom. Preferably, the effector chain is produced separately

25 either by a host cell or by synthetic means.

Techniques for the preparation of recombinant antibody polypeptide complexes is
described in the above references and also in, for example, EP-A-0 623 679; EP-A-0 368
684 and EP-A-0 436 597.



40 I muni sation of a Transgenic OrganismlIn a further aspect, the present

i nvention provides a nethod for the production of the antibodies of the
present invention conprising adm nistering an antigen to a transgenic

organi smof the present invention. 5 The anti bodi es and pol ypepti de

conpl exes produced fromtransgenic aning s of the present invention include
pol ycl onal and nonocl onal anti bodi es and fragnents thereof. If polyclonal
ant i bodi esramanitetion 66h TidiBgédia aganisia ani mal (e. g. nouse, rabbit, goat,

horse, etc.) may be i nised wth an antigen and serumfrom t he | ni sed
ani mal , col &dwher agpret.tthe FresEntpyvRItORPrRYideSed gredod for The pradPEEnh af ﬁéﬁg

pol ycl onal hodi k ‘%%E i i , :

pol ycl onal algir%?lbggg#\gg %r?&?lﬂ%ﬂé’r%%%@l géaHl?]lb e pﬁ??lﬁgteegh%%h %%%%rggd;?ﬁahl 910

chr omat ogr enghnismanfithe podsedtiikeentiechni ques which will be familiar to those
skilled in the art. Techniques for producing and processing pol ycl onal

anti ser & aTke ahi$dics namdnpolppdphide asoimpldise prafucéd €rolto tnspsyehicdenimalzdofthe

Compl exes and Anti bodi e f the Present Invention _ 15 e pol ypeptid

conpl exes BiTeFIAHYPRIM leélu%umlmépﬂﬁ_ap& ameﬁpgﬁtaﬁféb@ms o e}aﬂ%éé%?ﬂf- It

| nventi on gayibie) ok Grd Besid th WanddBio ARRMIE. ABbule. AABBH, 6kt orse,
applicatiohs; I1nvitro and in vivo diagnostic dpplications, in vitro assay
and r eagenetcdpplyibedmnomised sl anieatigerkand sefive frapcthe inomanidedaromhly coldacied uses
of the pol tide.c | exes and anti bodi es.of. the, invention.involve the
i ni st 1 abROHOER PHaREE & opaEesy 2L sl Eohdnink POt B ies Refals
Subst ant( ahdtibollies o RHHey RRAEEME tikO polyclsad @tillodied obasteRst t4nCbeiduriged bygmeENt S
thereof of at |east 90 to 95% honpgenei téﬁar_e preferred faor adm njstration

o

to a mammaimmeraiioEychramaperarhyandesuRl Hie skirigyesi whieh ¥ill be Emailiplg these
phar maceut Lgflg HS@S art® TeGmidHeb >f%a"€:%ﬁu i in'ggpof?y AP ntistRACAe Rtto! T1 ed,
partially or to honogeneity as desire the” pol ypepti'de conpl exes and

heavy- chai knowvi in thadrt. bodi es as herei n descri bed may be used diagnostically
25 or therapeutically (including extracorporeally) or in devel oping and
per f or m ngUsesdyhe Polppepdiide Binding (Gpnipléves dad Amtilvadies of the Preseht Inventiom t he

art. Geperally,, the pol tide,conpl exes d anti bodies o resent
Mvent b 8 Polybebigh oflpies 7 aRtbodes RefibecBRamiar fret ot dheResrigl cal v
appr opr 1 at gveidn! iedySbe éiﬁﬂb?@i Y in wfﬁ:&1 fefapeatid arﬂff;‘ropli}@alcﬁd %Bﬂwaﬁ%? iPbitro

al cohol i c/ aqueous sol utjons, emulsions or suspensions, 30 which may include

sal i ne andpsstinpiveidiacaestisepplicatiprs: &nyike assay and repgent anplicafivas.ssdithatikechl ori de

solution, Ringer's dextrose, dextrose and sodiumchloride and | actated
Ri nger's. Therapeutic and prophylactic uses of the polypeptide complexes and antibodies of the

invention involve the administration of the above to a recipient mammal, such as a human.,

20 Substantially pure polypeptide complexes and antibodies including fragments thereof of at
least 90 to 95% homogeneity are preferred for administration to a mammal, and 98 to 99%
or more homogeneity is most preferred for pharmaceutical uses, especially when the
mammal is a human. Once purified, partially or to homogeneity as desired, the polypeptide
complexes and heavy-chain-only antibodies as herein described may be used diagnostically

25 or therapeutically (including extracorporeally) or in developing and performing assay

procedures using methods known to those skilled in the art.

Generally, the polypeptide complexes and antibodies of the present invention will be
utilised in purified forr;l together with pharmacologically appropriate carriers. Typically,
these carriers include aqueous or alcoholic/aqueous solutions, emulsions or suspensions,
30 which may include saline and/or buffered media. Parenteral vehicles include sodium
chloride solution, Ringer's dextrose, dextrose and sodium chloride and lactated Ringer's.



41 Suitabl e physiologically-acceptable adjuvants, if necessary to keep a
pol ypepti de conplex in suspension, may be chosen fromthickeners such as
car boxynet hyl cel | ul ose, pol yvinyl pyrrolidone, gelatin and al gi nat es.

I ntravenous vehicles include fluid and nutrient replenishers and el ectrol yte
repl eni shers, 5 such as those based ol Ringer's dextrose. Preservatives and
ot her additives, such as antimcrobials, antioxidants, chelating agents and

i nert gasBsitabieaghyaiokgidally-pceepiable adjraits, if A8SBpryRerkiesiy b polypeivarcomplent i cal

Sci ences, . 16th Edition The, pol ypepti d conpl exes and.anti i ncl udi ng
P agnent s18 RUSGRO.oFh & o FBEh! Fon AR M B8 LA RotaHarIaee! )

adm ni st epQeviaPIPPRSlidoneR1afih ahdalgRRiednCction with 10 other agents. These can
i ncl ude vari ous |nnunotherapeut|c drugs, such as cycl osporine, mnethotrexate,

adri amyci ﬂxtra%n%% kiRl R dR Fdid TR %ﬁ??éht“r gl%hfsﬁér@ ahdl \eRlc ﬁmﬁehl% pRalsHiept i de

conpl exes can be used in conjunction wth enzymes for the conversi on of
pro-dr upssuch ast these bedetleoroRirgot's dnxtrdéhaPmmttVBs:amd dﬁhqjoaidltl\@hsswhrm ncl ude
"cocktails ous ¢ or ot her nt s with the
se oot ad bl Sufofil, Mg seRn it B ddes, B iRl | he
sel ect ed @rggp,mahmgm%thﬁlapé@ﬁ@lrgcmneesgmth@amoﬁhe route of adm ni stration of
pharmaceutical conpositions of the invention may be any of those commonly
known to trh9§;61y9£ptm@ctsoﬁ@nace§ kid bnfiBbdied e inBlublingFRAgmidhey Bidof,| FTCthe Grédgntwi t hout
limtation inmmunotherapy, the polypeptide conplexes or antibodies of the
i nvent i onitygptidremay bgdispehias senagsiely @dﬁwystp@flucemomorwc@romdmcw; Rt andar d

t echni gale S udi ng
par ent g(?ja Jggen?sr g}}égr?oct@{slﬁ%/é,lg& rarmscup%r yé,(pe %’%erl oneg{ﬂwio L

t ransder nniethotrexate; a‘dhanpmil,rms]ﬂntmunmrtm mﬁnumtcsmn Admmmpelyaﬂxel peplypeptidti r ect
infusion with a catheter, . The do &l(r)ldfre tﬁ adm njstr iontvvill
opond oncohBeRegah aed i CHURAON oA HES S it SOMVeERiTL O Poriioes &

adm ni st r glei Qe 6F ad@loher drugs, counter- 25 indications and ot her paraneters
to be taken into account by the clinician. The pol ypeptide conpl exes and

anti bodi eppgnatdiral d&)ﬁ%@&lﬁ@ﬁk &ANndifdd %88kl 8 Yafitls c'iric%ﬂg ®r o&@{da enis

reconstituted In a suitable carrier prior to use. Known |yophil |sat|on and
reconsi$t in canjunction thhqhmsele;@d anéibedies ofythel present iiehtioreomgien sombinetionsy t hose

skilled in ﬁme%elgét% én'%f% eé hgllefe%@inlv&g} and reconstitution can lead to

varying deg €S0 unc |on 0ss and 30 that use | evel s may have

to be adjysted. u 0.£0 nsa n addi tion de conpl exes
and ant 1 bal B PinibPaR TSPt offage fishR op e TRRAPER) b GG
those commonly known to those of ordinary skill in the art. For therapy, including without

limitation immunotherapy, the polypeptide complexes or antibodies of the invention can be
20 administered to any patient in accordance with standard techniques. T‘he administration can
be by any appropriate mode, including parenterally, intravenoiiély, intramuscularly,
intraperitoneally, transdermally, via the pulmonary route, or also, appropriately, by direct
infusion with a catheter. The dosage and frequency of adnlinistra;ﬁoﬁ will depend on the
age, sex and condition of the patient, concurrent administration of other drugs, counter-

25 indications and other parameters to be taken into account by the clinician.

The polypeptide complexes and antibodies of this invention can be lyophilised for storage
and reconstituted in a suitable carrier prior to use. Known lyophilisation and reconstitution
techniques can be employed. It will be appreciated by those skilled in the art that
lyophilisation and reconstitution can lead to varying degrees of functional activity loss and

30 that use levels may have to be adjusted upward to compensate.

In addition, the polypeptide complexes and antibodies of the present invention may be used

for diagnostic purposes. For example, antibodies as herein described may be generated or



for diagnostic purposes. For exanple, antibodies as herein described may be
generated or 42 raised against antigens which are specifically expressed
during di sease states or whose |evels change during a given di sease states.
For certain purposes, such as diagnostic or tracing purposes, |abels my be
added. Suitable labels include, but ar not linited to, any of the
followi ng: radioactive |labels, NVR spin 5 |abels and fluorescent |abels.
Means for taised @geinsit dntigerst which areapecificolly expressed diring, disease tskbescor whosel ed i n
the art. T, itk ONS . -al ol he pol ypepti de conpl exes and
fé§?1§ @%&% p@gﬁéﬁg&&{‘&&a Aled

anti bodi es invention or a cocktail thereof can be

adm ni stered for. prophyl actic .and/ or thetapeufi t.reat nent s,

conposi ti Oré’S’?'r?‘H%HFﬁ&é@oﬂ%}‘&? diggrostf, 8f VA I?utd#éosg% rlﬁ)qe%){%ageb ra%gﬁql‘?%@ép s of
the presenfabels Mchidle] Bt a@xotI@mitdd o] &0l Hie F51RINE: 28dibACtiad tableleNMDR WhinC
settings to aid in the alteration, inactivation, killing aor renoval of a
sel ect toarlgbels ard flugsessemtdebelsn Meansafortherdgtectipmoiihe abels il be familiar todhess
repertoi reﬁd@diﬂ%%/#@pti de conpl exes and anti bodi es descri bed herein nay be
used extracorporeally or in vitro selectively to kill, deplete or otherw se

effectively. r VE.. a target, C I f . r

col l ecti onﬁg)ef %(;%J ?sét.l °§Hp el enf A&#%ﬁ%?% ﬁgélbﬁgaspéﬁmn@r?? gf,egto?gtﬁé; g%?’%t m ce
wer e prepain®ehtion @xprecksaibthesay yan dbaidministeted foh prophylattivoand/@nthetdpbiitiex ons
were linked to the human heavy chain diversity (D) and joining (J)

segnent s, TRmeRidd by the C, CS, Cy2, Cy3 human constant region 20 genes and
human heavy chain i mmunagl obulin 3" LCR The human Cy2 and Cy3.genes

cont ai nEH A cempesifion gntaiaingepe o5 HAre pphweptidescomydexss of %@%ﬂﬁ%@s gf’ the PESSE ed t he
gener at i on; j i [ it QERiRes Wl did iC@RMIERRABS IENE
array by F]Ingénr?ggilg%ggé &%@&Pﬁgﬁﬁgﬁﬁ agﬁgmr%ve Pilsgquepscr:?gsa&(%}o% %éllle aTt.r ansgeni c
| ocus Wi t hinacti3ation, Aillipg orremonvelt oftai select tatgotreall populatiomin aphingiahdn laddition,

i nconpl ete,CHI, removal (figure 9).. 25 nstructs., Ta_over ¢o this problem a
genom ¢ cobireterFd ot Sofeditds SPaPharb C TR Rer ISRt g s

usi ng st angkad dxtimbhelly O e igb seledtivplydo kilE deplete @€ biliktwise effdstively eemdsvandond y
chosen based on their_ sequence eéfi ve geneéa cl agses in the case of human

VH s). Dyaitasgshrell popyiatiqn frem aheispgsmeousspledtion oberllsed at positions 42, 49,
50 and 52 according to 30 | MaT nunbering (Lefranc et al. (1999)). The VH
genes wer eEx@mBleded into a BAC vector

In preliminary experiments, transgenic mice were prepared to express a heavy

chain locus wherein two llama VHH exons were linked to the human heavy chain diversity

(D) and joining (J) segments, followed by the Cp, C§, Cy2, Cy3 human constant region

20 genes and human heavy chain immunoglobulin 3> LCR. The human Cy2 and Cy3 genes
contained a G to A splice mutation. The presence of the Frt site enabled the generation of a
single copy transgenic mouse from a multi-copy transgene array by Flp mediated
recombination. However, sequences from the transgenic locus with a G to A splice

mutation, showed aberrant splicing but incomplete CH1 removal (figure 9).

25 Constructs
To overcome this problem, a genomic cosmid library was screened for clones containing
the VH genes using standard methods. One (or more) different germline VHs were
randomly chosen based on their sequence (five genera classes in the case of human VH’s).
Hydrophilic amino acid codons were introduced at positions 42, 49, 50 and 52 according to
30 IMGT numbering (Lefranc et al. (1999)). The VH genes were combined into a BAC vector
by standard procedures such as direct cloning using custom made linkers or homologous

recombination.



by standard procedures such as direct cloning using custommade |inkers or
honol ogous reconbi nation. 43 Two clones were selected fromthe human
genom ¢ Pac |ibrary RPCI-11 (BACPAC Recource Center, USA): clone 1065 N8
cont ai ni ng human heavy chain D and J segnents, C (IgM and Co (lgD) and
clone 1115 Nis containing the C13 (lg genes. Bac clone 11771 from a

di fferent human genom c library (lncyte Genomcs, CA USA) was used as a 5
source of T clonepGipregeaiectesh ot thei mmanogenopig iPac Hibaary Eﬁé"hl (BACPHT | s et

al . (1997 . AL, ; efic j § ' s, the

&73 and OFFRCETEy Tsay Aok RSN Ginllhe nidip et SHAFIS alEF L HES

]S I nvi t Logfﬂy)(lglﬁj) ailld Gﬁl(%g])armd'c:\ionbhéllﬁmégo?t@nmg' mgrthe félmB (le69) gasescBac dﬂﬁl:l&ﬂ ogeg

romt hese : co e etign of. was achi eve

10 honol @éf@%@'@&ﬁﬁ%ﬁ&%}waﬁgﬁﬁﬁeﬁw @%@?ﬁorﬁ%%’g‘gﬁ{}e‘?ﬁ?é@ A flan%:

the CHLsexghce 6f c@ﬁg@g@;t)%%e %ag &H&anﬁﬂoglﬁﬁulﬁfﬁeaﬁ} i QLRI iePAR (1997 e

introduced in front 0 tch region to allow the generation of

si ngl e copyEsmbeds toh86@:845¢y | oci by treatment with flp reconbinase in
vivo by standard neans e.g. by breeding to rosa-flp mce (Figure 10). The
separ at e \IHinge stesdard teciohiqhes,etheedy’s aahdC1C geres L@Re exibrloned sepagdtelyieitd nt o one
15 BAC either_by conventional festricti digestion and lLegatipns or. by
honol ogoud™? E%Yﬁ??%a(ﬁivmg(@i’ Sﬁmiﬁri‘(taﬂyé’?ﬁ?%@fﬁ% CoStAR, Tee é’PHB?SIRP?‘fb
t echni que.frdny Ithdye rBACH SUFALC [SE)C AU lcBmplaen déletic oatEHl  exbf My bphidved Usy | n
order to obtain the IgMconstruct (figure 11), one or_nore VHs genes

( pr ef erl@bhpmolagousigrerabinatipmman eypt (FOhDising spquspeesdbat dlaghithe €51 §xotanel i d
VHH | : : i :
genes)ofea&gxgg%ﬂér on. mmne;stnggg@ ggnéh%ﬁwe bifced§8 FBAL oF RN Ey tnger e

cloned into e y see above. In this case on the C
r egi on wagegibwtoedlomthe géremtibn nfsin@ACpy lbgjMunumultiyepy eilsy tr¢aBientsvithdlp onal )

genes. 25 TRRAEPGR /e RGP RBELHCAE o CUPIeC O S DB B 181 i1ty or

camelid VH{ genes),....foll onwed human D.and avy chain se nts, Cg

(i thout - e STt Vi <epes. L SRR B SEsEf CnERoEh ek BOPL o fanC12
and Cy3sgemRe afiér Dy lebivenBb®il CleQibibn Qigestion BAC. lidaflofy @rby hofRNPoas € an
lgG only locus | oxP sites were introduced during the standard  cl oning steps

(descri bedeearaion tef amixtyzpof bafhigr gpnother daningteehniques| | strain (Buschol z

Further constructs could then be created.

IgM-only locus :

In order to obtain the IgM construct (figure 11), one or more VHs genes (preferably
20 engineered human VH genes to provide solubility or camelid VHH genes), followed by

human D and J heavy chain segments and Cp, were cloned into a BAC. For the

methodology see above. In this case only the Cp region was cloned into the final BAC.

IgM plus IgG locus, (C9 is optional)

In order to obtain the IgM plus IgG construct (figure 12), one or more VHs genes
25 (preferably engineered human VH segments to provide solubility or camelid VHH genes),
followed by human D and J heavy chain segments, Cp (without CH1 but with CH4 exon),
(optional C3) and the modified human Cy2 and Cy3 genes and 3’ LCR were cloned into a
BAC. In order to generate an IgG only locus loxP sites were introduced during the standard
cloning steps (described above) and the BAC is grown in 294 Cre E.coli strain (Buscholz
30 et al.) and cre mediated recombination yields bacteria producing an IgG only locus. For

further construction details see above.




30 et al.) and cre nedi ated reconbination yields bacteria producing an |1gG
only locus. For further construction details see above. 44 I1gMplus IgG

|l ocus (Co is optional) In order to obtain the IgMplus IgG construct (Figure
13), one or nore VHs genes (preferably engi neered human VH genes to provide
solubility orcamelid VHH genes), follo¥ed by human D and J heavy chain
segnents, C (with CH and CH4), (optional CO 5 and the nodified human Cy2
and Cy3 gefgM plusdg@ lo¢uSRCHix aptior®hed into a BAC. In order to generate an
lgG only locus | oxP sites were introduced during the standard cl oning steps
(descri bedImbuiee fto abthirt e BAEC plas Igf# wanstingt fBigurer B3)Eopolor mereaVHs (g8okschol z

et al.) an re nmediat ed feconbjnatio i el ded teria pr. Lkng _an 1 gG
only | ocus&r#gﬁﬁg'gweﬁ?ﬁc@fnaﬂr oA gonémﬁgﬁosﬂ}%% Ofcfaﬂ%&)f'lt#glgggﬁg was
i nt r oducedfdilived b hten DeandiJ¢tRaBychatnR gk, T\ (Wit CHE ah@ CHA, (bgtidnal C¥)ed
eggs or via enbryonic stemcell transfection technology.. Transgenic | oci

ver e chetkan themadiiedumay CyA and, (3 genes and 3k ER vsye dengdiatop BAG: Ingrdery si s
f tail o8 s A iRl S
ot ed s 11 St SR R PlookSloRB sites RS ufoltd dAFE oY SR TR BES, TIOT ©

PCR anal ys{desaribed gbgwe) and the A€ ovas ezaaim of 294hEredE Lole steait (Beghare: of) aude

| ocus. Sequence.anal ysis qf th - PCR prqducts ri.ved from BM cDNA of

t r ansgeni Cc%n&eéla%:@rpgoqmﬁgﬁtyiwﬁ e%gptegg(gmaww%{#ﬁo@ﬁ O®y2 and the Cy3 was
been del eted (one with (EH}I; Iit?es and one without the C and C5 genes,
showed t hat T4H8¢1e Héssehre g Ere 8¢ BPH8 only capabl e of VDJ reconbination,
but thajg t fige fhBAC W&&b@u}i&d RS GENgBnit hﬁ&eo;{j Suti¥drd MickdiRRRicANE f&anRI HCADs.

20 I mmunohi stochem stry Spleens were enbedded in OCT corpound. Frozen 5m
cryostat seggsiosivia embreoniq sterd cplhtransiestiomtecknodogyi ngl e or doubl e | abel ed as
previously described (Leenen et al. 1998). Monocl onal antibodies anti
B220/ RA3- 6Bansgenid lodiitdre ciek gl foginsegritn andenungber of ¢grdes) by Saitheen blobpplisisd as
hybri doma ¢l t r nat & .. Per oxj da oupl oat, anti - .] gG and
ant 1 - human®] giings SREGR LT Ruink 3] 85 SRF10ER LR, PaReRTere PUTRIA
| abel ed goai the AMT-- backigrdugd.(GAEGpifd @ad done, byDeaidardDCRanglpiis uiagptitersl g :
(Jackson_ | nQResear ¢ Labqratorjes, Wst Gove, PA)_ and, g anti-rat Ig
al kal i n& pHESBHLP &-#f%ﬁmtﬁwws hithe @eﬂmﬁeew,ce smlml%\a%ﬁﬁ R&%?sﬁsm lucts

derived from BM cDNA of transgenic mice where the entire CH1 exon from both the Cy2

and the Cy3 was been deleted (one with (HLL lines) and one without the Cp and C8 genes,

showed that the transgenic loci are not only capable of VDJ recombination, but that the
IgG transcripts resemble those found in llama and camel HCAbs.

20

Immunohistochemistry
Spleens were embedded in OCT compound. Frozen Sum cryostat sections were fixed in
acetone and single or double labeled as previously described (Leenen et al. 1998).
Monoclonal antibodies anti B220/RA3-6B2, anti-CD11c/N418 (Steinman et al., 1997),
25 were applied as hybridoma culture supernatants. Peroxidase coupled goat anti-human IgG
and anti-human IgM were from Sigma. Second- step reagents were peroxidase labeled goat
anti —rat Ig (DAKO, Glostrup, Denmark) or anti-hamster Ig (Jackson ImmunoResearch
Laboratories, West Grove, PA) and goat anti-rat Ig alkaline phosphatase (Southern
Biotechnology, Birmingam, AL, USA).

30 Figure 15 shows the immunohistochemical analysis of 5pum frozen sections of spleens from
uMT" ", WT and HLL and HLL-MD transgenic mice in the pMT™" background. Sections



30 Figure 15 shows the imunohi stochem cal analysis of 5mfrozen sections of
spleens from PMIM-, WI and HLL and HLL-MD transgenic mce in the gMr*
background. Sections 45 were stained with anti B220 (blue) for B cells and
anti-CD 1l ci 418 (brown) for dendritic cells. Arrows indicate the |ocation
of small clusters of B cells. Flow Cytdfetric Anal yses Single cell
suspensions were prepared from | ynphoid organs in PBS as described 5

previ ous| ywers|staitied rwit angi) B220dblyy) fopBsells prdanirGD1 Loy41 & drown)der dendriigbat ed
wi th anti bgogie | 1RY0-hoV} 1 (BSA) in 96 well plates
for 30 m n&gtg' %@xb@ﬁﬁ%&%@ﬂﬁ%‘éﬁ%ﬁﬂ?ﬁ%@ ?#?%EBH/O. 5% BSA. For each sanpl e,
3x10" eve ored using a FACScan anal yzer (Becton Di cki nson,
Sunnyval e?ﬁ@%@t l%%fl%}y%re anal yzed using Cell Quest version 1.0

conput er s@ihpleacet]l sheperisions| were aprapaysd sronndympphdidrargahsoin BBBeas atesdibed

D cki nson FAGCS Libur. T f ol | ow n, re obtaj ned from BD,Pharm ngen
(San  DiegBievienyy (ke %aﬂﬁ%ﬁt éapraﬁ?qa@biﬁlmlﬁm m@%%wﬁéa?@@ ti

CD19. = FACS %) O.Sd/@i)é%iﬁé schith SRAmMEEtBSH) iﬁ@@%ﬁ%lé%st #3r 30 blin G4, @8 waki - B220
are displayed in the bottom panel of figure 15. On the left of the figure
is a reprewasheditivie iof PBI/P.5Ve B8AbiFonerdinsanple;i 3xd Obgventseweienspordd] usingsa| i nes

to a Flpe nsgenj.c |j a SUPROLt | F ta on_spleen-. cells of
t he recorP;%‘fx‘ﬁgﬁatn, angjr%% (:%égtﬁn E%jfl?nsr%g’s%%nél le,ﬁtg@h%%ﬁfﬁ ﬁaga el ﬁ? Zegé‘r%‘é‘ at ed
ori gimr)la| HCEH DRst Vérsies i1).0(Bli)lmtph'c§r safpire.iIFoucslepaabaiztadsi Iﬁlfolﬁﬁecﬂhea?ecton .
reconbi nation.in vivo by breeding to Cre ransgeni: ine an CS dat a
on spl eth Ealqr@%FAFﬁeC%#wm cdefigrire ;Wﬁmeﬁw@e& L P?Mﬁg%gﬁn _
hybri doma Bge%gb'@Ab:qiiTé%bﬁH dfedldbli HIRORASRR, P E6niGORIPIE CO18 FIREY Yeal Al N
only antibody 1ocls consi’sting of two ITama VHH domains, human D and J

regi ons andats @&3plaend cdlsc saiged mithrastir G and antbB22G acHlisplaedeinrihe hettiem
created. 8 Weg I eg‘%ce were inmmuni zed with either E. Coli heat shock
protein 70pa(nﬁ: %ﬂg jig 25 or 5g of antigen with Specol adjuvant (IDDLO

o "on cngate FBOsR GELE R AGRREH LS ob FeiSomBnase® e teeiilie HELCTS

low titey Bhesaold BRER SBRSIehicCli@NiiddapheEnPFACE @Gt ®Rth bl srleém_belﬁ'f of3thklsp70
i mmuni zed ELL-MD | mice (Figure 14). A standard spleen cell fusion with a
nyel oma cefecombiganty showing Byrelagsaug ag ey i the diredly aanseigdopriging HELdEY

resul ting {iflesBOMREGEHR I re Rt ABHRE ER! techhBiBatithdh Yo Uy MiedR Cag Cre

transgenic line and FACS data on spleen cells of the single copy recombinant. ,

20 Immunization and hybridoma production (Figure 14)
Transgenic mice containing a heavy chain only antibody locus consisting of two llama
VHH domains, human D and J regions and IgG2 and 3 constant regions (without a CH1
domain) were created.
8 week old mice were immunized with either E.Coli heat shock protein 70 (hsp70). 20 pg
25 or 5pg of antigen with Specol adjuvant (IDDLO, Lelystadt, NL) was injected respectively
s.c. on days 0, 14, 28, 42 and i.p. on day 50. Blood was taken on day 0, 14 and 45. After
three boosts a low titer of antigen specific antibodies was detected in 1 out of 3 Hsp70
immunized HLL-MD1 mice (Figure 14).

A standard spleen cell fusion with a myeloma cell line was performed to generate a
30 monoclonal antibody resulting in a monoclonal hybridoma cell line against the hsp70
protein. The anti-HSP 70 HCAD consists of the llama VHH segment closest to the D region
(VHH 2) recombined to the human IgHD3-10 segment (acc.num. X13972) and the human



protein. The anti-HSP 70 HCAb consists of the Ilam VHH segnent closest to
the Dregion (VHH 2) reconbined to the human |1 gHD3-10 segnent (acc.num
X13972) and the human 46 |gHJ4-02 segnent (acc. num X86355) . Al though not at
hi gh frequency, the VHHs has a few nutations that give rise to the am no
acid alterations seen in Figure 9A when46 conpared to the germline
configuration. The RT-PCR analé s_al so showed only one productive IgH

transcri pt IgW“TQ?eSWt (rsprpum Y Aﬁbo‘ﬂghalmtt%éhl@ Hequeney, é'ﬁ%msrléﬂﬁsftr i pts
> ade. TheeatiaiiithdsOfi: aRE! BN iR AAEDCIRS afralGRYNech N RohR! YARBLE!
g ge

(Western b aturing gel I mes non denat urin
( monormer) canpared oo she-germl lije c&figaention.C'Ehd RTV&EEI& dnalysid alsiot sho®pd -oGlyAgdet

(5 ool | - PRHTRIegFLEseRgt iR E Rt L Ao o BocotIRRRRAY ons.

10 Transgeniage, mﬁgpﬁoalgmzn&uﬁo&eﬁvsxc@iaala@ heavyyclﬁm bx’ﬂ? %érqmlb%te@@ BRiSt i ng
of two Ilama VHH donmai ns, human J regions, human Ig: and 1g& and 3

const ant r@g@l@rdsna(tmng gel\(cilmeﬂtan@n@ﬂlena@mg gel (moggmgr) sonditiensd'ig- Mubpleed wi t h
TNFa t bt t
sora in ot SRl BloPelidRpatoeR myling s (i R AP ARIBEARHE °

| gM hybr i d@ena(GeIgM-ETYL Kit (Siém€ell JezchiolddigsatiUn adrfo)rdlng Sepharme&mfaﬁi&reﬁujer
non-reduced conditions each fraction was of the colum was |oaded to a gel
under redudtSHYHBidi ti ons and detected by ahunan | gM HRP (Fi gure 20)
Fractionation under non reducing conditions showeg?that the HC-1

secr et ed? gl‘raalsgqm ﬂl?ﬁe?qlﬁal%}ﬁglabhf&"y whain oplycaniibedy deope cqusigding Oélﬁ‘i‘iar ol
| gM  (af t erypy E'ﬁﬂ%aﬁfD re%h?%lﬂuﬂf ‘TMHI 2 11531‘1 ?Eo&&ﬁt 1oﬂ§‘ he CHI

domai n that are absen romt 20" The ¢ act | onat of each
col utm fr actithont anddi dcmmh:mﬁngurectﬁidwmeomnsmmdemﬂlh@NFextpthtau HGTIQMEr of

(Fig. 20). r mI ELI SA.Bl ood .fr s old coIIectedln
EDTA coal cATTIRS: Ong s e mmigt ST SRiNECIS, B Srafiid EAIRATRLDS

sup/e;T1 nat ?ntstadddrdlh@éloinahiuslﬁn ?Bﬁéd (ApsﬁstMBIIgM H.s:]hitidlenia@?lgmdﬁﬁd\fté @elfﬂltrati’hdh Wi th
sny o a go ant i uman | g YES Bi ot echnal qgy) or a goat anti human | gM
(Si gma) 13 %%“@h%f’%% 6Bpmder, ngg-fediicqdopondiions epgh SPttenpat ve? WP SImR; WA (1. 5%

BSA/ 1. 5% pwﬂ@a td% Félq{ﬁdér/fea &a{tﬁ%san@duiecwﬁh% gMLGz PS Fi%utendyBS.

Dilution series of serums es and standards “( huma gM human”|l gM
(Si gma, ZwFrastiowation unds yon vglemg cauditionsnthoiwed (thatt thel HQnIg ig lsecrefgd taber pl at es

washed 6 t 'n{@émé%é Qltﬁ;@% Q&Jh%g same size as a human control IgM (after subtraction of the
molecular weight of light chains and the CH1 domain that are absent from the HC-IgM).

20 The gel fractionation of each column fraction under reducing conditions showed the

expected monomer of (Fig. 20).

Serum Ig ELISA
Blood from 15-25 weeks old mice was collected in EDTA coated tubes, spun for 15° at
room temperature (RT) and the supernatant diluted 1:5 in PBS. A 96 well plate was coated
25 for 2h with 5Smg/ml of a goat anti human IgG (YES Biotechnology) or a goat anti human
IgM (Sigma), washed with PBS, blocked for 1h at RT with blocking solution (1.5%
BSA/1.5% powder milk/0.1% tween 20/PBS) and washed three times with PBS. Dilution
series of serum samples and standards (human IgG2 or human IgM (Sigma, Zwijndrecht,
NL)) were loaded and incubated for 2-4h and the plates washed 6 times with PBS before
30 addition of a secondary antibody (1:2000 diluted goat anti human IgG or goat anti human
IgM coupled to HRP (Sigma, Zwijndrecht, NL)). All dilutions were done in a blocking
solution. After 1-2h incubation at RT and washing in PBS, POD substrate (Roche) was
added.



30 addition of a secondary antibody (1:2000 diluted goat anti humanl gG or
goat anti human | gM coupled to HRP (Sigma, Zw jndrecht, NL)). Al dilutions
were done in a blocking solution. After 1-2h incubation at RT and washi ng
in PBS, POD substrate (Roche) was added. 47 The ELISA for the detection of
antigen specific soluble sdAbs fromt hé7| g& phage library is shown in
figure 16. Sol ubl e sdAbs were used as primary antibodi es _on_ anpti gen-coated
plates, fofieddddAyr detectionpf antigen;spegific ﬁ‘%ﬁf‘?—ﬁgﬂ@&ﬂ%é‘&@%@ an&@q IFHuse
anti body. ;R ﬁgﬁ@ds.amam@ YhELS RER usdd'8s PRinhAMRBBELs 81 QMeen-coated
fingerprinting of cfones with 5 restriction enzyne Hnf |, showng 5
di fferent plassgrfolloveddiyngotssra-sydlantomiyrsitl HRIPeonjugited goatnt-mbustyantibodyar y
construction and screenin of al, RNA was ispl ated_.from.spl ee of P
i muni zed SPHgVe E%?ﬂ;ﬂsl ?gégl?fﬁﬁ? h:,hgém_tt?lpi Wgsqwsaﬁp%q@gqtggt 912 ?Fén%gusi ng
an U traspeeritid dnsphétiin®n, seiie® diBbRhEiferts balias ForQUAB Sgdifit B FIPHSEON,
Texas, USA). cDNA was made using oligo dT. DNA fragnents 10 encodi ng VHHDJ
fragment s . @,rm} j i anfd cific priners: vhl back Sfi |
primer (De {el§0 t éJI‘aHZ%%%?Kfn COITbicg%tnl n with hlg&hingrev prinmer (5 -
AAT CT GGCCABESXRRS0gaOssiand Arda e ascE TIRK 3P ) imnTinized rainglé cepy Ig@piysmice’ 400
bp) were Sfi. 1 /. Not | digeste el purified cloned into Sfi. ] / Notl
di gested p ?’rilg Tt §F I%?[‘glfg % a[#&?%"lc "(L)\nlsl0 1gn ptem Eﬂho{ecx
el ect r o- conRtAdties I, Houstog I Tdesk, USA IDNARyaS nfade asifl® 0RgddT. DNA Bagyents br ary.
Two rounds of sel ection were perforpned using panni ng, on, vaccin an}&i gens
Qﬁ Sﬁ’é‘)‘k.s I

adsor bel) offcedipg YIHIY fragmantsovers earhtied P (R using seecitin Rimers: oyl
Restricti of: 1 d c} . a d ‘ of VYss_
ﬂ?négfﬂgdng & ¥Pdas ¢ iﬂ"'gco\ﬁ%n%atﬁg Qﬂg{ h}éltg@mﬁg%v pridRRVYs5

chai n-only I't was then’investigate HLL=MD I'ocus functions
as a nor mAATETGSGOABGCORAGHGCTECACALIAACARTIBEHLCTYEEDr t oThee ynplifigdienci ng

the RT P t t\ai ne ' &2 .and ; 1 qG3 .specifiec.nri cDNA

from Peygﬁfgﬁ@? zﬁgg(?gﬂ Hﬁff’ceéf#é} gﬁtot,@ggs(g gg&% &ﬂegsa%gfcipng‘gﬁg isgelr nﬁ?} %? i ons of
cl ones fr ogigexteil phapaniid ZeclompILEN{1l ef t panel ) and i muni zed mice (right

panel ). The mce were 1gG only loci, inmmunjzed E. Coli_ hsp70, Pertussis

| ysat e, 15 2brapgfpupation igtes iG] ?lﬁc‘@’@}n@?&ﬁéeh% Yf%Eed| e singlgi &R ar t i ng

Wi t h ERKCQY b Gively. TH6 nds R &RtiYS iwer® pefloMidd ﬁsiﬁétpﬁ&ﬁﬁ%%ﬁ%@né hat
both VH are used, all the antibodies sequenced rearranged the VH2. The
sour ce of andigens asiserbed gntogilastic t(imrenotubes ol with undiluted vaccine). Restriction

analysis and sequencing were standard.

RT-PCR of heavy chain-only lecus
20 Tt was then investigated whether HLL-MD locus functions as a normal locus in producing
a diverse antibody repertoire by sequencing the RT PCR products obtained using IgG2 and
IgG3 specific primers on cDNA from Peyer’s patches. Figure 17 shows some examples of
somatic mutations of clones from non immunized mice (left panel) and immunized mice
(right panel). The mice were IgG only loci, immunized E. Coli hsp70, Pertussis lysate,
25 tetanus toxoid. In grey shade is the IgG2 hinge region starting with ERKCCV

Although, the RT-PCR analysis on Peyer’s patches showed that both VH are used, all the
antibodies sequenced rearranged the VH2. The source of repertoire variability is the CDR3
region formed by the selection of D-and J segments and by the V-D and D-J junctions. The
use of human J segments is similar to that seen in human rearrangements, with the JH4 énd

30 JHG6 segments being used most often.

This analysis showed that both VHs, different human D and all of the human J segments
are used, to contribute to a diverse antibody repertoire. It also showed the presence of IgG3



region formed by the selection of D and J segnents and by the V-D and D-J
junctions. The wuse of human J segnents is simlar to that seen in human
rearrangenents, with the JH4 and 30 JH6 segnents bei ng used nost often.
This anal ysis showed that both VHs, different human D and all of the human J
segnents are used, to contribute to a 48 verse anti body repertoire. It also
showed the presence of 1gG 48 switched B cells and the occurrence of
somatic nuswitttlmdsB baells cand aﬁiesmcwm@aof] somatiy mﬁ@fms gesneomparisont &f geshn i ne

counterpart i the o a e trans C ( gure
17). Ther efegfrgn flh%‘mf“iu"?{jaﬂ9 ﬁ gvy c% m ]Te gbngagﬁc]% tﬁlo P eﬁl provi de
t he necess amguﬁquballisg&@l7)BTEﬁbﬂordTﬂidH1ﬁiahmlavy&hhmm T dgéﬂ reEieg:Uf €nl8

shows. i munost ai ning resu|ts, of of Tet- on cell line additionally
t r ansf ect eBroviderthe aegessiy s1paals dor B ‘“jh‘iﬂélmt%‘ﬁ{‘al ning AS anti body (Dekker et al.
2003) . The_ upper panel shows doxycicline induced production of AS antibody
(red) i chnoyngstainingl nucl ear staining of the cells with DAPI (blue).
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det ec'f ggj aSaovyy E’P%/’llﬁl@% gﬂ‘%ﬁ’{l‘%g dsya&e‘g %sn} ﬂ&nﬁaf?rbody
was an |gG§taM‘ﬁﬁ f e celisoMtp\mm (%ﬁﬂ em% én':el %H&Nﬁméﬁg Roséngd ri3Blin

CCTGT GCA! GCATCTTCAGTATCAATGCCA C 100SCAASG

S| F sl¢ MI(ACLM azs theyorgs oroducigg the A5 upon mductlon (upper panel). Staining was done . .
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ELVAAI
ACTCCGT EAAGAACABBETGEAT GBORas dt@RdsV K G R

&%ﬁcﬁe@@%ﬁﬂ%&ﬁ@@%&m&%ﬁA&%ﬁ%ﬁ&ﬁyﬂ%é@im MeN s L K

PEDT A ¥%libwhdsebudnc® MV 25 541
GGCGGAGCCCGTTTT CT CTGGEGECCAGGGAACCCTGGTICACCGTCTCCTCAGAGCTCA 180R GA R F D

Y WG Q55 #a1lacdcicY S S E L

8 R L

301 CCTGTGCAGCCTCTGGAAGCATCTTCAGTATCAATGCCATGGGCTGGTACCGCCAGGCTC
100S € A A S G S I F S I N A MG W Y R Q A
361 CAGGGAAGCAGCGCGAGTTGGTCGCAGCTATTACTAGTGGTGGTAGCACAAGGTATGCAG
20 120P G K Q R E L V A A I T S GG S T R-Y A
421 ACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACACGGTGTATCTGC
49D S V X G R F T I S R DN AKNT VYL
481 AAATGAACAGCCTGAAACCTGAGGACACGGCCGTCTATTACTGTTTGATCTCTATGGTTC
160 M N S L K P E D T A VY Y CL I S MYV
25 541 GGGGAGCCCGTTTITGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGAGCTCA
1R G A R F DY WGAQG TULV TV S S E L
601 AAACCCCACTT
20K T P L

The IgG3 hinge starts at amino acid 198 ELKTPL. For comparison see the IgG2 hinge
30 region in Figure 17.



601 AAACCCCACTT 200 K T P L The 1gG3 hinge starts at am no acid 198 ELKTPL.
For conparison see the 1g& hinge 30 region in Figure 17. 49 Wstern bl ot
anal yses Figure 19 shows Western blots of sera of different transgenic nouse
lines containing the IgMplus IgGlocus (figure 10) after cre treatnent (ie
|gM deleted, only 1gGleft). Sera weré9puri fied by prot G and gel
fractionated under reducing (figure 19 right panel) and non 5 reducing
(figure 19Western blogamalysesondi ti ons. The controls were the background KO mice
and a nor h@rgﬁewgwé B l(ﬁ"semoéfedlﬁg‘%msfr%ﬁg&hé fn%ﬁ@mfes RehiR&y fbe two
gel s show ng that uman heavy chain only 1gGis a dinmer. The 'signal
shown in flgylipkss :IgleawsdﬁgmetIthaﬁmwema’mmt (lhlIgMnddlqtid amty kgsolefHySerrandar d

oous. mousketRuTaE ool e TP DRI N R PRt ol ol 10

fracti osateauditg @lure 19, Idftﬁﬁahélﬁcdﬁdﬁﬁihs THeRoh@6lb Giefeith€ Bitdtizioufd X Cinicerandi Xi ng

Wi th a human serum sanple as a_control. Results are shown in_figure 20.

Vbl ecul ar Wweorgl Bumsan seren sasagle. &Voie the wize ditference brtvieen thedwe splsshowmanhat| ane
(repr esentﬂh@g“ﬁ%gﬂi?w%ﬁ‘ﬂhgﬂi% diglel to right. The fractions (each |ane)

wer e anal yse or esi s under reducing conditions. ELISA

the 'ToM p usﬁfﬂ%ﬁ"ﬁ%. gu%"%ﬁ%c%%&{f%ﬁ% R N A S A

shown in fpgegdares2l. The top two rows in figure 21 were analysed with an
anti-human 1gG the next two rows with an anti human IgM The serum sanpl es
(arrows)o siowirhdihatidicofianee IdM proflicaitiaha e phetlfG letts apdsd gM ant i - TNFa
anti bodi es. The single arrow shows a positive IgM hybridoma. The wells were

coated wi tth&&ﬁﬁ@ﬁ@hﬁh& MR 8 hcd digaR 13Nwas frddtionatd filefionRineer
standard. Exanple 2 The |?spe%?f| é{lg -val ent anti bodyp)ﬁwagés1 gener ated by

conbi ni N £oMrelEAYY conldftiolls MMr ¥nixihs WIRNWhERACchink s@blk RO8 ciftrol TRukd st
anti body forns the backbone bringing in the first ‘specificity and the

ef fector fshewmiinfiguie28r Melsicalar woighis of the complaxgnen thegplymmndseisaterwitlesagh.  Thi s

‘r’]"gs\d ;O i nede Weﬁx@sehﬁ&g 55 ¥0HG HoRPHY bR, TREASERAD EaSPRAL) Wk anfled 2

15 by gel electrophoresis under reducing conditions.

ELISA analysis was performed on a number of hybridomas made from mice containing the
IgM plus IgG (figure 13) locus immunized with human TNFo. Results are shown in figure
21. The top two rows in figure 21 were analysed with an anti-human IgG, the next two
rows with an anti human IgM. The serum samples (arrows) show that the mouse has
20 generated bothIgG and IgM anti-TNFa antibodies. The single arrow shows a positive IgM
hybridoma. The wells were coated with commercially available human TNFa. All

procedures were standard.

Example 2

The bi-specific bi-valent antibody was generated by combining two heavy chain only
25 rnono-speciﬁc antibodies. The first antibody forms the backbone bringing in the first
specificity and the effector functions (variable region and constant region respectively).
This was combined with the second antibody with the second specificity via a newly
designed hinge. This hinge was similar to the existing IgG2 hinge sequence but was altered
by replacing the cysteins with prolines to prevent crosslinking of the cysteins in the
30 antibody dimer and providing extra flexibility via the prolines to prevent the second
antibody being spatially constrained, which otherwise may have inhibited its function.



designed hinge. This hinge was simlar to the existing Ig& hinge sequence
but was altered by replacing the cysteins with prolines to prevent
crosslinking of the cysteins in the 30 anti body dieter and providing extra
flexibility via the prolines to prevent the second antibody being spatially
constrai ned, which otherwi se may have idhibited its function. 50 The
starting backbone anti body was an antibody rai sed_against the E coli HSP70

protein. Theestatpg backboneantibedy Waspe anthpdy raised againshtigi Bcoli H@P?%H{Ot%nt al ned
a_heavy ¢hdiepy 19/ anifth "RR%YjebiB8 o AindRAR IS nd %ﬁeﬁl%g AU a}]agb”

nonocl onal S ra| rom se ani na
f usi on tecdﬁﬂtbbd}glpcﬁmeleednﬂm@)n (sddeboedRi4. &@dmtgoﬁomfonal a:nhbode&?rransed ﬁmmiy was

b t] d b RT-.PCR t . DNA | t
ST oo a tsrainGy Yerdsrd Ryt et RIOR e AENE)r T AN celin s (9
the 3" engd f thSIﬁalﬂfUa b2 1 vasf £u%§@qh@x§ly'\|clbﬁéd“b UstaridardCRPEPEIR et dhktsinant TN AL art

codon ATG the signal’ peptide sequence, e variable domain VHHL (see

Janssens eme’dibds)res tiieg inagiasmmid perdaiming adull lqné@l C@N@ﬂ@t inglndedfremahe 5’reaadi on of

ST 7o S B3 RS Bln R AN GRIHE] ACO0R SRS ALRRALOh PO, V2

anplified thg Hﬁﬁlfpupudé eaquegca,lsuhagvamabler danﬁanHmﬁr (&adraassemveraﬁg thei mer

The forward prj ne VI di,n n EcoRI

site for clegempige &%%geg(%ne@r ﬁ%P}anéﬁe?é‘Pl? 307 P CoRLapig 15%1@3»61

sequenc ( raal e an d ERONLYEIIBE fd' | rrer
X ﬁ) ﬁh@fu@n A@%ommmﬁﬁﬁr gr\i/ilgm% E‘l@@ﬂ ﬁ?:llll‘hl ch oning sSite

(under | i neth)e odiﬁ?mmb@d}'nyas A hidednby §Roﬁ>rmlxumg usieg: a fopvard pripiet end a

t herefore }egtg £Q.2 EcoRI/H ndl Il fragnent containing an EcoRl site

(underli ne VSR8 i ci ent translation start sequence (bol d) and the nornal

start codo of the 20 aHSP antl ST ] 22) .
The revers dpr m& Wﬁﬁ%@ﬁdl ng a
H ndu cl Onpﬂaﬂldﬁigtﬁl Eusrlesite ﬂ@ctloxﬁmgdpmpmsi@mdrlmedmaﬁraﬁﬁclsﬁtqmﬁl@m starthi s
resulted in a fragrrent gl gure 22 left second fromtop) with an EcoR site
to cl on® ofeauenge (bal apmaksiabeoden (greyshadd)i | site for cloning the 5 end
onto the \eﬁl)resm on plasm d 25 and the 3' end onto a novel hinge sequence

(see bel owjbe rexerse 9nmﬁeww a&MM&L@Aﬁ%Q%%@é@G@A@AﬁG@ IPFQViding gr ovi de
t he appr Opﬁlntaﬁl?cl%hﬂx Héﬁi?@c@ aﬁ&‘ije?naﬁrﬁﬁ é‘” w st L&gg&econd cl oned anti body

bringing in e secC peci ity conpr omai n
The amplification therefore leads to a EcoRI/Hmd]H fragment containing an EcoRI site

(underlined), an efficient translation start sequence (bold) and the normal start codon of the
20 oHSP antibody gene (greyshade, see also Figure 22).

The reverse 3’ end primer was : GACAAGCTTTACCCGGAGACAGGGAGAGGC
providing a HindIII cloning site (underlined) and removing the normal stop codon. This
resulted in a fragment (Figure 22 left second from top) with an EcoRI site to clone onto a
‘promoter sequence and a HindIII site for cloning the 5’end onto the expression plasmid

25 and the 3’ end onto a novel hinge sequence (see below). Lastly the fragment was cut with
EcoRI and HindIII to provide the appropriate single stranded ends for cloning.

The second cloned antibody bringing in the second specificity comprised the VHH domain
of a llama antibody against the pig retrovirus (PERV) gag antigen (Dekker et al., (2003) J
Virol., 77 (22): 12132-9, Fig 22 top right). The agag was amplified via standard PCR

30 amplification using the following primers:

Forward: GTCETCGAGGCCCAGGTCCAACTGCAGGAGTCTG and the reverse primer
GTCGAATTCTCATTCCGAGGAGACGGTGACCTGGGTC. This provides the



of a Ilama anti body against the pig retrovirus (PERV) gag antigen (Dekker et
al., (2003) J Piro)., 77 (22): 12132-9, Fig 22 top right). The agag was
anplified via standard PCR 30 anplification using the follow ng primers:
Forward: GIC. :.TCGL CCCAGGICCAACTGCAGGAGICTG and the reverse priner
GTCGAATTCTCATTCCGAGGAGACGGTGACCTGGGTC. Sthis provides the 51  anplified
fragment (Figure 22 right second fromtop) with a_Xhol site (greyshade) to

cl one t heangplified fiagmentdHigurg 22right second Epmipplgwith & Sbobdied@eyshade)dp cloae R site
underli ng for .. Ggloni ! j r.essi id: (N gure 22,
§i ght m dd’:ﬁ1 é)s.e%ﬂa{%ﬁagﬁt‘ﬂ%h @?%%ﬁgﬁ]@g%ggyﬁp%&%ﬁ aEc%‘!&?@aSﬁ% E%Eoﬁmtg @ %gner ate
si ngl e st reondeg tkendntl cinto hen exgessbn Thlasthido (Rigure 1224 yrighe quiddle sLasty ethe onbi ned
into one djabodysequence .via th vel hinge.. The nove i nge was gener at ed
from tve ok BRUDE PBECoREEG SHS harncfiyr Srdle SRR B Prgigping
ol i gonucl eotide with 5 and 3' overhangs (respect Lv%l y H ndl Il and Xhol
conpat i B eVhe o anpttody gepiFRsRsswere qombiped igkos PR ARPY Brauenper via ke BPYSh ¢ he

end of 1 Nening ¥R ot INRAC Svad nétgﬁdsﬁcﬁﬁttwgfolﬁgﬂu@&ﬁ%s?g%%ner Fpgtion of

t he sul phi ges Ty present 1nt human ge, was
prevent ed donbleegitand iotigortuiekzotiges wathrs anf gy’ eyvsthadgs) (redpettivehoHindEE apd 3wl | i ned) .
The prolines a extrg f.lexibility to the hi to ~allow,the pro

functi oni nEpripit Keidfenind Diordsult WorTeth o seofibe B8 B Bohe coon
term nus OFHSIR® detpichte afd tHeQhitt ¥f theldeg BédueRce. Foenatdh otlthd glplidaBedgequence

(cystei ne codons in greyshade, proline codons underlined) ., 15 GAGCGCAAATG ~
OO AR CHeSail i (6 B W finger a5 PEpPHESPID{FPlacing the cysicin

AGCTTCTGAS ' ;
I S S R R A
fragnment (altvivt thelpwapenifmptioniag gufrthe 2@ ond entitedy deintain thab bedomgb eomtecteddo ends

20 conpati ith Hi I ol and xXhol (italic) sites for cloning

pur poses. ¢h§%?’é‘8“%&i§%ﬁ‘%?%m’?’§%}ﬂ?éhﬁ . hinge and agag) were

subsequent | i i.nto a bluescript,(Pblueseriptl1. sk+) expression

o1 aomd o e RepaLEh itk uesh (SR Cpdcba Eevstah Pl ARERER G yence
(Fi gur e122GAGTCAAATCTTATICOABTER FECOUN naat its [¥Mpldsdhnolagy. Wen
this plasmd is expressed (see belo resul'ts in the diabody 25 shown at
t he bot t ordeglaced (R eAGET R GHCEAGEGALGAGC

cotransfecfgd wWith the plasmd pGK- yq complement

TCGAGTGGTGGCGGTGGTGGCTCGACTGGTGGTTTGCGCTCAGA). This also
provided the fragment (white box hinge, Figure 22, center) with two single strand ends
20 compatible with HindIII (bold) and Xhol (italic) sites for cloning purposes.

The three fragments (aHSP70 IgG2, hinge and agag) were subsequently ligated into a

bluescript (Pbluescriptll sk+) expression plasmid that contains a chicken actin promoter

and a CMV enhancer sequence (Figure 22, expression plasmid) by standard recombinant

DNA technology. When this plasmid is expressed (see below) it results in the diabody
25 shown at the bottom of Figure 22. |

The diabody expression plasmid was grown and cotransfected with the plasmid pGK-
hygro (to allow the selection of transfected cells) by standard methods (Superfect) into
CHO cells (Figure 23). Positive clones were selected in hygromycin containing medium
and positively identified as expressing the diabody by performing a standard o gag ELISA
30 (Dekker et al., J.Virol. 2003) of the growth medium containing secreted diabody by the
CHO cells using an ahuman IgG-HRP detection. Positively testing for the o-gag activity
makes it most likely that a given clone expresses the entire diabody, because the gag



hygro (to allow the selection of transfected cells) by standard nethods
(Superfect) into CHO cells (Figure 23). Positive clones were selected in
hygronmyci n contai ning nedium and positively identified as expressing the

di abody by perform ng a standard a gag ELI SA 30 (Dekker et at, J.Virol.
2003) of the growth nedi um containing 98creted di abody by the CHO cells

usi ng an ahuman 1 gG HRP detection. Positi vel%gtesti n%for the a-gag activity

makes it rﬁPSQiﬁPibkgla} thehback-gnd (GOREE tesniadqfrtbe diskodyh & afbspausntlbiSddlpr
because t hes@Al wag als[%pﬁsftg)x.c;vff)érfst%t&%&@ﬁmd sél%"cfo&ésmuﬂ&b?) [ the

di abody. Subsequen was al so positive. stern ots of
t hese EL| Sédwiig ahd dediicingesonditibas were-perfernei oy oaded to esowi thgt dlengidi¢ions wer e

performed in order tq show.that the pr ' expressed .fromt I id was
a dieter qupﬁgyg[ﬁ%gwﬁwé 3as f“ﬁ@“ﬁ‘%ﬁﬁéﬁ#ﬁf{aﬁ'—q W@f %)Qougmcqﬁ%@.ﬁggiino t he
MONOMer 50f coamsRd( | WG gC ek 0 58 'Weestdzh O S,

Fi gure 33 cri ght fﬁ%gﬁgﬁkﬁbﬂéﬁ %@a%ﬂt heﬁ%t err(la bl o ctg%;%i%(?% sh%sw that the

di abody i sbletgpFiguee?’ aight)s EbusethedELISA0 andh ¢henBiesigm blot do shoyy thatethe

transfecte .cel | ( >70ng/ m .1 h . i i he
HSPT0. and AT Fipishecd Bl sEepPiefd dpo Bl 4 i BRI GET Rl

di abody nola&eT0ng/meiR Andrihaicth® aitibody targiing tiRtHSHYO and gag dtigens. Howeheriedsese, a
fol |l owup experinent was ,arri,eg ut. First t’gfb%ﬁg@fmi%e was fixed to the
bott om of &tshoye at;the\éwe@meréxa polecile,pan b ns HOEHBRR (Fi gure
24 top). was subsequently captured by the first antigen (gag) .after

appl i cat0i ohhesgiorena fatjqm-BR pxperisiepbvantaried ont Eirgihe gag abigemwanired toiere 24

center). T . j i 3 : i i of the
Cetond ant o2nBEpaRc Wl it SECREIA YRRE), Mo MilbobY RFiARNM ) A0 T L
ext ensi ve swhsdguendly tdptarediityb bty fimd| antigére (gag)l aftebi apglitadioh efntieg€HO xell t he
same tine, it should.be t ur ed .t he Jhot t . t.he | | bi ndi.ng t he
Frret ant | HEfRRgbef ciofef RREHAE sk thibltE P bl A his e Bore by AR, [ e
entire compshingad then HPPREHION oF Yhetettndhnfigen HIPE70)MPldurd 24 cunte (Ridd wemy, er
right well) both the diabody and the_ antigens were vjsible ]c;n a Western

bl ot ( Aidgagaimiellgwed Brpxtensive wadhings Af ¢ diabady meleculscouldhind bethpoligagyatt he CHO
cl ones wer . i & Sy i s (S| GVA
ybr  done, e gt timye Sk, S@iRed 1 M0 BRI o8 I eIPBELRfRle fh AREnige T
hybr i domas(gagjeabdhen taphire thé sacdxdnantigemm@ASB7Q). aWben( Kiex entive pdomplexe wasat ed

A DU bSR3, GBS el bl B s o g1

in PBS-M | datiB&s weé visidld drod Western blot (Figure 24 bottom).

20 In order to collect the secreted diabody the CHO clones were grown under the same
standard conditions and in media (SIGMA hybridoma medium,serum-free) used for the

collection of antibodies from hybridomas.

Methods: Wells of a Nunc- Immuno plate (Maxisorp) were coated with purified
recombinant gag protein (12.5ug/ul in PBS) O/N 4C. Blocked for two hrs with 1% milk/
25 1% BSA in PBS. CHO-DB clone-1 medium % diluted in PBS-Milk-BSA (or controls)
were incubated for 3 hrs at room temperature (RT). Bacterial BI21 cell lysate (containing
HSP70 protein) ¥ diluted in PBS-Milk-BSA was incubated for 3 hrs at RT and washed.
Bound proteins were eluted with Laemmli sample buffer containing 2-Mercaptoethanol.
The samples were analysed by Western blot and therefore run on a 10% SDS-PAGE and
30 blotted on nitrocellulose membrane. The blot was blocked for two hrs with PBS-Milk-BSA

and incubated with primary antibodies. The products were visualized by standard methods



were incubated for 3 hts at roomtenperature (RT). Bacterial B121 celllysate
(containing HSP70 protein) '/2 diluted in PBS-M | k-BSA was i ncubated for 3
his at RT and washed. Bound proteins were eluted with Laemrnli sanple
buffer containing 2- Mercaptoethanol. The sanples were anal ysed by Wstern
bl ot and therefore run on a 10% SDS- PASE and 30 bl otted on nitrocellul ose
menbrane. The bl ot was bl ocked for two Ins with PBS-M | k-BSA__and i ncubated
wi th pri nasipe seropdaiaaibodivsecqyiplsd ot zyiaesethal allew viswal #gininga Ahe reresl hods 53
usi ng secg&ﬂq&*mantibodies coupl ed to enzynes that allow visual staining.
The reagen used were: a Gag : Rabbit polyclonal (1:2000) 2 his RT a

D abody : at, n .l ; ) 2 his RT 5 a HSP70 : Monocl onal
G20- 380 n a&m‘%ﬁ?‘gg&%lﬂ@%"%@%n ary antibodies were : Goat a Rabbit- AP
(1:2000) 2 _hi,s RT an at | P (1: 2500) 2 his RT against the
HSP70 rmn&#%‘??éilp'.' @%aggi%gw&%@%;ﬂp#%%s&ds first NBT/BCIP substrate
(purple) r ing with al kal | ne hosp ) AP) and second DAB substrate
(brovvn)gréiﬁyﬂggﬁmﬁloﬁgr@rﬁ@ﬁ%?gzﬁ%iﬁ10 (HRP) was used. All washi ng
steps were done with PBS-0.05% Tween-20. Cantrals re._carried ou y
| eavi ng oW%W@fm?%’ées&ﬁ%bﬁ@ﬁt"sR"}hbltaggi(Hﬁo@@i}Eﬁﬁ%raéﬁ’rﬁoéﬁ-‘i&ﬁ%!@@ igéﬁ)‘ot
pr oduci nglﬂifaﬁ | i_l&“e[g%' QP8 } no di abody, application
(medi um from %b%% ect eg%%%eyeSF?%ﬂogﬁﬂblﬂ%s therefore only gag (lane 2);
| acking g : { f ( 1L KD L. d
shoul d-t napergels, LBSHEh: SRR ark NRtECIe R Gile Teuknl AN B
di abody ampHosphatased APy umd seooei DA Bt substpto@uots rédcing with horskmdish perokigR®0
anti ge (rrggﬂbgced b% m | k anti gen) and should therefore have only the

03 ‘e

di abod J2{#5fe 5); lacking HSP70 and di abody and shoul d have only gag
(lane 6). The fact that all three ents (the diabody plus both

ant i gens) AlkVashgg steps e e“ﬂthfgxsrﬁr& WeeBt20] ane 1 that received all three
conmponents_(see al so | egend bottom of Figure 24) shows that the single

di abody biGeaEolssyse satied)apsbyaleating oulene qfithe comaponshtsor gAdigg MsiawREPH ¢ | gA
or rrulti-wﬁgi ' . ge : O 145 PESI fal j ik as :
descri bed for ({eg%n%g%@g)emgb%?g ﬁ%snglgﬁe lyg?fdlﬁig’i %hﬁ?%g@hgﬁ?/ﬁ?g?@%%dr% J, the
const ant (mgdiom f@an hemttinsfected Gheellypansk s iherefofe only/gag IBng B); tagking 283 at

15 the bottom of the well (replacedby milk protein) and should therefore have none of the

products (lane 3); lacking gag and diabody and should have none of the products (lane 4);
lacking HSP70 antigen (replaced by milk antigen) and should therefore have only the
diabody and gag (lane 5); lacking HSP70 and diabody and should have only gag (lane 6).

The fact that all three components (the diabody plus both antigens) were only present in
20 the well of lane 1 that received all three components (see also legend bottom of Figure 24)
shows that the single diabody binds both antigens at the same time.

Generation of bispecific IgA or multi-specific IgM

The generation of bispecific IgA is essentially as described for IgG (above), but using in
addition to the Vhsol, D and J, the constant region Co. leading to the generation of IgA
25 (Figure 25).

The generation of IgM is largely similar, but offers an additional possibility because IgM

molecules can form large multimers (with or without J chains). Thus in addition to

molecules similar to those described above (Figure 26 right bottom, after elimination of the

multimerisation sequences), one can also generate multimers simply by co-expressing
30 IgM’s with different specificities (Figure 26 left bottom).



The generation of IgMis largely simlar, but offers an additional
possibility because 1gM nolecules can formlarge multiners (with or w thout
J chains). Thus in addition to nolecules simlar to those descri bed above
(Figure 26 right bottom after elimnation of the nultinmerisation
sequences), one can al so generate nultiders sinply by co-expressing 30
IgMs with different specificities (Figure 26 left bottom. 54 Exanple 3 An
expressi onExeatdl®3 encodi ng a pol ypepti de conpl ex conprising: a heavy chain
including a binding domain which binds to PSCA (prostate stem cell

anti gen), Anegsesivalvgcidoermoding apolyipsitidegomplex|cemprisieg: ziheper chabt in€ludihgJun and

compl oot B P SEBR iR b Rore: PRt Som s ane AL aioBguby AERR of Fos

is constr %ﬁ&@@h@ﬁb@%&@m@fﬁimm ARbOIFHREe, CHIRROCHP @6mbins; Sadbr ook
et al ((1989) Mol ecular doning - A Laboratory nual , Col d Spring Harbor

Labor at dr ya lightebain inchidingx perapleimentaryerssenrbly dompiaconsisting 08 thedeuaine ZPRAIi t abl e
host cell BYaFAIENL LaRRctPRARE Bftulad BioldhyREAIEE: & ddsaftRhes sadpROR! ce!|

for optim expression o vec transtecte transtorned host
cel |l is the&ml ¢qubs)rvoleadamQloaing -sAillabblatory ddamnaly ColdkSying Habdrtexberatdey| | ed
in the art_to_produce the pol ypeptide conplex of the invention. Once

pr oduced, ?’ﬁ%g)‘pol ypepti de conpl exes are purified by standard procedures of

the art, including cross-flow filtration, amoni um sul phate preci pitation
and af f i ni The exprassian vagtordn thsadiangferapship awitable hoit selk b cs&)‘tenmv@j tephnides

ef f ect ofp dgPaldhct QhFARONRL och B ofliniDlPLAHAEPAANE. (UM The uhiiRiised {0
the conplementary asse y domal n ‘usi ng techniques known to those skilled
in the arttransfoxaeg hest4elhis thrpcdvsedusingatyowitable dethnigue keovremthesetskilledof t he
pol ypeptide co ex of the present 20 invention conprising; a soluble VHH
bi ndi ng dolr?éﬁ% |Rfﬂ&}5’feh}f§@8’e %‘%“PR}PB%Q \ﬁﬁeel%ﬁl&l'ei n) and an assenbly
domai n congi sting the |eucine zipper notif o un, d, antibody hinge, C. 22
and . donararodueedhe Bolspcttia® BRRlg:Roe buksd B Sy ROGHHS GL LS HE

descri bed inalu&mg‘oére@kﬂ&v fettratich, SeRERGHIuE XRRE PRCPESIAN afD afdiifdcdii@n! | ght
chain of the polypeptide conplex of the 5 present invention is also

const r ub eehrommpgraplsniers. . geetei Aonpl enent ary assenbly domain  consi sting of

t he | eucine zipper notif of Fos.
The soluble effector domain consisting of 3,3'-diindolylmethane (DIM) is then fused to the

complementary assembly domain using techniques known to those skilled in the art.

Example 4

An expression vector encoding the heavy chain of the polypeptide complex of the present
20 invention comprising; a soluble VHH binding domain which binds to AFP (Alpha-
Fetoprotein) and an assembly domain consisting the leucine zipper motif of Jun, and
antibody hinge, CH2 and CH3 domains is constructed using molecular biology techniques

as described in Sambrook et al.

A second expression vector encoding the light chain of the polypeptide complex of the
25 present invention is also constructed. This comprises a complementary assembly domain

consisting of the leucine zipper motif of Fos.

The expression vectors are then transferred to a suitable host cell by conventional
techniques to produce a co-transfected host cell for optimized expression of the vector. The
transfected or transformed host cell is then cultured using any suitable technique known to

30 these skilled in the art to produce the polypeptide complex of the invention.



The expression vectors are then transferred to a suitable host cell by
conventional techniques to produce a co-transfected host cell for optim zed
expression of the vector. The transfected or transformed host cell is then
cul tured using any suitable technique known to 30 these skilled in the art
to produce the pol ypeptide conpl ex of $he invention. 55 Once produced, the
pol ypepti de conpl exes are purified by standard procedures of the art,

i ncl udi ngOpecoprodydedyihe pplypentids somplexesare piudtiedhistendsrdkpropsdusasi o the#d
ffinit t i A | bl t
Gonmi n Sl cER AR MUERAprhEodtun, B1GHE Brobbiaddll 100 MBI SOLAR O

conpl enentlaomategmpinb(eye. .JowoteinrA)isi ng t echni ques known to those skilled in the
art. Exanple 5 VCAM and VLA-4 An expression vector encodi ng a pol ypepti de
conpl (ex cmﬁdlﬁdlﬂgﬁfeoaorlhlieﬁmjn az;lnsiisﬂ)ing' dfcﬂ,aidiiﬂ%}lflmegiaﬂdm@/lﬂ@mhmmﬁit@thebi nds to
PSCA (prostate stem ce antigen), an asse omai n_ .10, consi sting VCAM
and ant? be@yplﬁmﬁ'&@yaaq@bbh@muwmaueaﬂmo%w pre skillgsl ip thgartydi ng a

conpl enmentary assenbly donain consisting of VLA-4 fused to ricin Atoxin is
const ruct Bdameledg nol ecul ar bi ol ogy techni ques as described in Sambrook et
al . The expression vector is then transferred to a suitable host cell by
convent i oY4&lAMaohNiLdaes to produce a transfected host cell for optinzed
expression of the vector. The transfected or 15 transformed host cell is

t hen cul t dmestpressionyveatoy esaodingisl polypeptide cpompldxreomprisiog:tdlesey shain Inglidingn t he

art to produce the pol t | ex of the ipvention. Onc r.oduced, the
pol ypept i 83”%@?%&%9?@%%@%?‘? ﬁ’g?%b@r%ff%ﬁ}gwe PB@ C&Zraélsas%?ﬁflﬁgog?]ﬁ

i ncl udigg censixting MCAN fahd britiold Ringd UM bthTHB ldpiaing; 4 edight tiain oluding
affinity colum chromat ography (e.g., protein A). 20 Exam/lie 6 An,

expr essi oft ‘?ﬁé‘&l@?ﬂ’éﬂ%o@?‘?ﬁ%ﬂ& demaim cpnsigingc oy leded cBsest it itikdn 4 tRERVH chai n

i ncl udi ng Walli gg@l'!,] I 1 34, 4 em cel |

antigen), c%%hggtg(g%ﬁl%ﬂ Om?rﬂﬂi@ﬂg%ﬂge?%r?ﬁuﬁeat&?ﬂ%%%g&&?ﬁgﬁg{%%ggfélmtI f of Jun and
ant i body Hi09gyedidh R0 St iRIAS 10 hitaBle b8kl 60 3bilenRG Hefiadbs

conpl enmentary "assenbl'y domai n consisting of the leuCine zipper notif of
Fos and atspilotinee teshfectedhost ogthfon optirnizeld expression n£thewetten Jhd rapdfedghmar yl ase

Sanb obk SRnp e RS o8 el o St oL ik roraiat Bhehd 68 o <

host cel | ibthe &AMy pREERARS pdlHsdptitieletREplex of the invention.

Once produced, the polypeptide complexes are purified by standard procedurés of the art,
including cross-flow filtration, ammonium sulphate precipitation and affinity column

chromatography (e.g., protein A).

20 Example 6

An expression vector encoding a polypeptide complex comprising: a heavy chain including
a binding domain which binds to PSCA (prostate stem cell antigen), an assemblsf domain
consisting the leucine zipper motif of Jun and antibody hinge, CH2 and CH3 domains; and
a light chain including a complementary assembly domain consisting of the leucine zipper
25 motif of Fos and a soluble effector domain encoding purine nucleoside phosphorylase

(PNP) is constructed using molecular biology techniques as described in Sambrook et al.

The expression vector is then transferred to a suitable host cell by conventional techniques

to produce a transfected host cell for optimized expression of the vector. The transfected or

transformed host cell is then cultured using any suitable technique known to these skilled
30 in the art to produce the polypeptide complex of the invention.



to produce a transfected host cell for optim zed expression of the vector.
The transfected or transformed host cell is then cultured using any

sui tabl e techni que known to these skilled 30 in the art to produce the
pol ypeptide conplex of the invention. 56 Once produced, the polypeptide
conpl exes are purified by standard proéédures of the art, including
cross-flow filtration, amonium sul phate precipitation and affinity colum
chr omat ogrGaph prddacel, theppadyreptideAyompleies aanprified byl staidard provedires ofithe tactxi ¢

met abol ite 2-f.| uor oageni which kills the cells.t.h 5 .conpr.ise.the PNP
enzyme andn‘?%‘r‘fl‘%ld’?‘is?' Y %ﬁf%’é’@s ARy} SEEP?%LR{&?IP}&%& We@@ﬁy Py

| ocal bystcﬁﬂﬁ%oﬁgﬁhgqg'g”gmlpg. 7 An expression vector encoding a first
heavy chain of the polypeptide conplex of the present invention conprising;

a sol ubl e Pt ivaIl fMeatMIR! 18 tidHokle ﬁétﬁ!ﬂ%ilt%/ ?gﬁ(&bﬂ\é%ne]\ﬂﬁ&?m@ ﬂleﬁgellls that |

gl ycoprotein antigen gpl20 and an asse ormai n consisting the [|eucine

zi pper fotcofmprse tha PNthehzymeei dnddy abditige diffoses tarkill Oxeowdingiuninféctedcenhlst # uct ed
usi ng nol e%g%ar{ i ol.pgy techni ques as described in Sanmbrook et al. A second
expr essi on et ECE S ng a second heavy chain of the pol ypeptide conpl ex
of the pr§seni H nvention is also constructed conprising: a soluble VHH

bi ndi ng d ich 15 binds to GP-41, an assenbly domain consisting of

e o SRRk ol B R WSS SR o
of the presgmn inbéh\fi%ﬂtdogﬁ)rikﬁxﬁ,ah%Qluﬁlénﬁ—muﬁh];ﬁﬂ% dbBath SAFAMHiISES0AV3-PND

conpl enmentary assenbly donai consisting o he | euci ne zi pper notif of

Fos. 200Thegien pf edwioprotaie cntigen gpk0t frsinan assemblyr derdain consisting: thisl leudinst cel |

by conventjonal . t.e iques._t roduce CQ-4t sfect ed. ho lJ . f.or
optim zed Z&Pﬁ? &Oglltf ooﬁw]élfl _ e@%gﬁ%ﬁgng%hgﬁzt@gngﬁgcqo r 5 Croi‘%té‘fcgerdn%%l? %_ost
cel | is thesleqldrbivies tectiniifhen By desttilicd i Sarhlosloetqlle known to these skilled
in the art to produce the polypeptide conplex of the invention. Once
produced, A b&oRdbitepiondectosithengs seédddhidivyf dhath dNthepanstptide popgletbf es of
the art, 25 including ¢cross-flow filtratjon, ammoni um sul phate, . o
preci pi t atthpreserbinyertion;is 9lse emshrpctedeampmsingy? sgipile VELH, bindige dpmpin vdyich The

sol ubl ef}fiﬁﬁt raisl i ioSAd \(5 : ¥ i ogen is
t hen fgge toJ[t9 hGeldgo’rrpl g%eelﬁ?fgf&dng%%ggnlgﬁyy%l%ga%\én%é?ﬁﬁg@%ﬁﬁﬁ%ggg nown to
t hose ski lantibody hinge, CH2 and CH3 domains.

A third expression- vector encoding the light chain of the polypeptide complex of the
present invention is also constructed. This comprises a complementary assembly domain

consisting of the leucine zipper motif of Fos.

20 The expression vectors are then transferred to a suitable host cell by conventional
techniques to produce a co-transfected host cell for optimized expression of the vector. The
transfected or transformed host cell is then cultured using any suitable technique known to

these skilled in the art to produce the polypeptide complex of the invention.

Once produced, the polypeptide complexes are purified by standard procedures of the art,
25 including cross-flow filtration, ammonium sulphate precipitation and affinity column

chromatography (e.g., protein A).

The soluble effector domain consisting of HIV-1 MN V3 (PND) peptide immunogen is
then fused to the complementary assembly domain using techniques known to those skilled
in the art.

30 Example 8




inthe art. 30 Exanple 8 57 An expression vector encoding a first heavy
chain of the polypeptide conplex of the present invention conprising: a
sol ubl e VHH bi ndi ng domai n whi ch binds to V3-PND region of glycoprotein.
antigen constructed using nol ecul ar biology techniques as described in
Sanmbrook et al ((1989) Ml ecular ConiA§ - A Laboratory Manual, Cold 5
Spring Harbor Laboratory Press). A second expression vector encoding a

second headuy exprassipnovectdieengedipg apfiist beayy rghiiax obthe palepoptide eermplen\edrihe on i s

al so constructed rising. A I@%ﬁ,/{l—ﬁ i .HE'FP' Ny MV _?}' Ws to
GP-41. Thé" S\%vg)t ngrgf;&c Oalpﬁgm 'r%ssc gfr%ac erl Sé}é@fﬁgt at 't e%l}géc}ln%?gt% fegi ons
for the twegibgasy glytOproteli ratiganpohscied eming aholeculid? biolddy sohniGhts donai ns.
expr osses GoGHboR HRISHM Ok AL BRNCI GERR LT oA Jrbaiaiey ek Lo ect ed”
expresses i < ecte
host celsl ! )T ZB&katoB s Si on of the vector. The transferred or
transfo?m%ﬁﬁggﬁ%% igot%;r(]enﬁcul tured using any suitable technique known
to these ski ' ]a\éﬂp ' t he

i nventi on.l1§ l’éc?g&lﬁrl%e ugg‘d",%%ﬂté&ﬁgﬁ‘%&%ﬁng@% %@prr%) exgsﬂlgﬁglgg{ﬁ?ﬁldgi%%@&%%gt andard
pr ocedur esthepresdnt inyestjon is alsd catistrocted amgprisingwna soliihle ¥HIO hindagriomiainwisich phat e

preci pitatj.on a ffinity colum chromatography (e.g., protein A). The
sol ubl e ef?‘%‘%tt&‘nﬁd‘@nﬂi n consisting of HIV-1 MN V3 (PND), peptide inmmunogen

is 20 thepn fused to the coml enent ssenbly donmai n usi ng techni ques

coun o ¢ TSR clmins fd TREstaln Tt Ot oA eis EP e B R above

speci 11 At ks oL BkRAINE OEAOCE il Prig@haggce. | Various modi ficati ons
t he descri

and variations o bed’ net hods and system of the present invention

will be a r . i i i i he
scope and. S Stesfin YDA aRineh Bl IR kel YRR LonSRRNIY Bbreb @R 1 00t on
has been démir bpednventiowad rtechniques twiptdilusgp aced-transfacteticliase delé fo dptiveized , | t
shoul d be under.sto t hat e inyentio s cl ai shpul d. not. be unduly
it et SBFRHOL pEEe bt Hi et of Farated Dart oo & e RO 4B of ¢ he
descri bed smg6ls tdcBhiqePkAomn e Rk skihgd intHE Bt k@ Prodhiéecthe gés}aéﬁm QbidipleR of t hose

no

skilled in biochemstry, nolecular biology and biotec ogy, or related
fi el ds By ethe invention.

Once produced, the polypeptide complexes are purified by standard procedures of the art,
including cross-flow filtration, ammonium sulphate precipitation and affinity column

chromatography (e.g., protein A).

The soluble effector domain consisting of HIV-1 MN V3 (PND), peptide immunogen is
20 then fused to the complementary assembly domain using techniques known to those skilled
in the art.

All publications mentioned in the above specification are herein incorporated by reference.

Various modifications and variations of the described methods and system of the present

invention will be apparent to those skilled in the art without departing from the scope and
25 spirit of the present invention. Although the present invention has been described in

connection with specific preferred embodiments, it should be understood that the invention

as claimed should not be unduly limited to such specific embodiments. Indeed, various

modifications of the described modes for carrying out the invention which are obvious to

those skilled in biochemistry, molecular biology and biotechnology or related fields are
30 intended to be within the scope of the following claims.



30 intended to be within the scope of the followng clains. 58 CLAIMS 1. A
nmet hod for the production of a VH heavy chain-only antibody in a transgenic
mamral conprising the step of expressing a heterol ogous VH heavy chain | ocus
in that 5 mammal, wherein the VH heavy chain | ocus conprises a heavy chain
constant region which does not encode asgCH domai n and whi ch | ocus, when
expressed, is capable of form ng heavy chain-only antibodi es of defined
class or copagss 2. A nethod for the production of a canelid VH (VHH) heavy
chain-only antirpbody in a 10 transgenic manmal conprising the step of
expressing a canelid VH (VHH) heavy chain |locus in that mammal, wherein the
VHH heavy chain | ocus conprises a constant heavy - chain regi on which does
not encodela CHA wiethwd forahel pwidiaction oftadn ke chaipoalysadibody in 8 dpabgegicof

form ng heavy chain-only._antibodies aof defined class,or cla . . The
et hod-of B e R0 A pe-Sne 4 hetdiBerts oSy RRCED ik,

| ocus COPmafm@R],ORkeréih tHONG; Ned¥§Nchabe By bSmpréses Bkeaiptdhaitd ensanty regfom of the
previ ous clainms wherein the or each ene segnent. has been sel egi?gd or

1 V . :
engi neer edWhish<loshnphpncadea @d| %P‘I“Pta?gc"ﬂ&?lh&céﬁi‘ghfinc@‘fpr%éeds.ls #ebleetthod of
cl ai m wher each. F‘;ﬁ]@e ' roma human. 6. The
nmet hod of 1g)ny r@E‘Qf 1eé%€§@g’3la%ggﬁ al ngcf\%ﬁs;drr‘g%se%he heavy chai n const ant
region conprises one or nore isotypes of a Ca heavy chain constant region
gene. 25 7, The rre%@%ﬁ)o any, one of cl ai. o, 5 wherein fhe, heavy chain
const ant r&gi on* ™ 5@91’6@0 e Webg&i‘ég@*ﬁeagy %a‘ﬁ'gﬁi)'fngﬂ%cﬁﬂx@onst ant
regi on PENRansGenid AniHRdl RofhpfikingilYe SIBE o exFitainEba barh€lid® VW@ELE) Redviyechaavy
chain constant region 30 conprises_one or ymre isotypes of a CS heavy chain
constant roghoin hehmammal, whereintthe et heany chaie leaus CoBIPHESS| 2 ONSLHREITi n t he

heavy chai g..¢ el [ r [ & eavy
chain cons%aﬁ?%%ﬁn%ﬁﬁgg%‘%ﬁ%%ﬂ%.é?ﬁ%aﬁgﬁo&gwﬁgﬂn%%%e of c %Is%,{% to 5
wher ei n t heapablawy farmixighesgnetaamonly egtitmdies obdqgfined essoorelassesnor e i sot ypes of a
C R heavy chain constant region gene. 5 11. The nethod of any one of clains
1 to 10 wherein the heavy chain constant region

15 3. The method of claim 1 and 2 wherein the Vg or camelid Vu (Vim) heavy chain

o

locus comprises one or more V gene segments.

4, The method of any one of the previous claims wherein the or each V gene segment
has been selected or engineered to show improved solubility: characteristics.
20

5. The method of claim where the or each V gene segment is derived from a human.

6. The method of any one of the preceding claims wherein the heavy chain constant
region comprises one or more isotypes of a Ca heavy chain constant region gene.
25 '

7. The method of any one of claims 1 to 5 wherein the heavy chain constant region

comprises one or more isotypes of a Ce heavy chain constant region gene.

8. The method of any one of claims 1 to 5 wherein the heavy chain constant region

30 comprises one or more isotypes of a Cé heavy chain constant region gene.

9. The method of any one of claims 1 to 5 wherein the heavy chain constant region

comprises one or more isotypes of a Cy heavy chain constant region gene.



conprises nore than one of the follow ng heavy chain constant regions: Ca, |,
Cs, CS5, &4 C 12. The nethod according to any one of the preceding clains
wherein the VH heavy 10 chain |ocus conprises a variable region conprising
at | east one canelid or non-canelid V gene segnent, at |east one D gene
segnent and at | east one | gene segneni,wherein a V gene segnent, a D gene
segnent and a J gene segnent are capable of reconbining to form a VDJ]

codi ng sequence. 15 13. The nethod of claim 12 wherein the heavy chain | ocus
conprises twenty or nore D gene segnents. 14. The method of claim 12 or

cl ai m 13 wher efThe idethodead\ayy ohebf clhinguk te 6 itereie thef ieaey cldin oorstand repgore
segnents. 20 15. The nethod of an ne OCL clains 12 to 14 wherein at | east
one D andCYEPHES SRe gffRorg lsoa@ﬁ%(’ébéhg?ﬂvyi AR SPRSIRG eI ge e canel i d. 16. The
met hod of any one of clainms 12 to 14 wherein at |east one D and at | east one
J 25 gene segnent is derived froma non-canelid vertebrate. 17. The net hod
of cl aifn 16 whé&hemztlatl of eay bnookcliima ddodtd whsaein thnkeady ghaie cemstant mgions

derived froma mammal,. 30 1 T, net hod of, any one of. cl ains -1 14
Cher ot Fobsise SO ian e F the ook hefiaf TolorP i Seilndi” 65 CAPY The
met hod acgprding to any one of clains 1 to 18 wherein the CDR3 loop is

derived froma single species of vertebrate origin. 20. The nethod accordi ng
to claim19 wherein the CDR3 loop is derived from either a canelid or a

human. 5 . T i = ei e VH or
canel i 0 ViE: (Vi SRAhelnai 3B o of it SRR k! el MIEVE KRty
sequent@ ¢has Jocosperbprsenh vaniabdeoregionicoppeisidg gtleast vag vEneliddirrmatdanelid Vh a

h hai t ant i .10 22, . T t hqd of [t

or ccedi ng EETSIREN G B oPR U7 RER SSEBHE e ot GASLIRG B85 FERGLIESan § o

het er ol ogguse sla%mm, & Mogene b&peatnt il OFf génd ¥Brhéht @fd @pible BrecdiiniiBlih @stOf any

one of clai_ns to 21 wherein the heavy chai n constant
a VDJ coding sequence.

15 13.  The method of claim 12 wherein the heavy chain locus comprises twenty or more D

gene segments.

14.  The method of claim 12 or claim 13 wherein the heavy chain locus comprises five
or more J gene segments.

20
15.  The method of any one of claims 12 to 14 wherein at least one D and at least one J

gene segment is derived from a camelid.

16.  The method of any one of claims 12 to 14 wherein at least one D and at least one J
25 gene segment is derived from a non-camelid vertebrate,
17.  The method of claim 16 wherein at least one D and at least one J gene segment is

derived from a mammal.

30 18.  The method of any one of claims 12 to 14 wherein the D and J gene segments are

derived from a human.



regi on gene of the heterol ogous heavy chain locus is of non-canelid,
vertebrate origin. 15 24. The nethod of claim23 wherein the heavy chain
constant region gene of the heterologous heavy chain |ocus is of human
origin. 25. The nmethod of any one of clains 1 to 21 wherein the constant
region is not of 20 heavy chain origing, 26. The method of any preceding
claimwherein B-cell maturation is essentially normal. 25 27. A heavy

chai n- onIy nti bo 1 X tgr heavy
chai n-only 9gntl bogMeeg1 %B?glr:(?’le a’bh(gl{eﬁogb agﬁlgg]ctérl |vﬁl§e?%%%eaéﬁﬁ§ l(c%;
one of clm&ommsai‘gleﬂﬁmeﬁofmbratem% only anti body according to cI a| m

27, which js a np a 30 .antib fra ereof,. .29. .The
f ragment -cl ai n?g%mﬁmoékﬁ cprding, iy %ch??é‘fqe{f“%ﬁf bR){B ity deroedi flome . 30.
The VH bi nginpd, daiiaer Qhumb@i M 29, which | acks an ext ended carrel idlike

CDR3 | oop. 31. The VH binding domain of claim29, which conprises an
extended canelid- 5 |ike CDR3 |oop. 32. A vect or corrpri sing a heterol ogous

ot v anchor ned W OG04 B8 fi) RGP Rling Ephd Phreih§né Uy of Paidia 00"
manal  exiVesk hegyyachaiit ticod dgdies cbmpﬂsescmmdonibmuen asquibaéé (18¢) capsblaryf one of

clainms 1 to 26. 15 35. The trapsgen of clalm34 whi ch has a
reduced cdﬁ%@hu}mgéjéﬂb"r%@e ‘éﬂ@ﬁé’é\’fﬁhé S?Wl Oﬂ@i‘f%egl%gen%e use of a
heavy chai n-only anti body, or fragnment thereof, according to any one of
claims 27 to 31, in the preparation of a nedi carrent for imunot herapy. 20
37. ThdOus. of a Heawmetloidaoih angn lope axﬁtth@qmgcedmg daimgnwhereinitbe dshyy sbajor di ng

| onohr oy afFbabBe ook e P RSB e B OCEER T2 ey

chai n-only anti body or

23. The method of any one of claims 1 to 21 wherein the heavy chain constant
region gene of the heterologous heavy chain locus is of non-camelid, vertebrate origin.

15
24. The method of claim 23 wherein the heavy chain constant region gene of the

heterologous heavy chain locus is of human origin.

25. The method of any one of claims 1 to 21 wherein the constant region is not of

20 heavy chain origin.

26. The method of any preceding claim wherein B-cell maturation is essentially
normal,

25 27. A heavy chain-only antibody, or a fragment thereof or mixture of classes of
heavy chain-only antibodies obtained or obtainable according to a method of any one of
claims 1 to 26.

28. A heavy chain-only antibody according to claim 27, which is a monoclonal

30 antibody, or fragment thereof.

29. The fragment of claim 28 which is a Vg or camelid Vg (Vgn) binding domain.



25 fragnent thereof according to any one of clainms 27 to 31 and a
phar macol ogically appropriate carrier. 39. A nethod of production and
sel ection of heavy chain-only anti bodies according to any one of clainms 27
to 31 conprising the steps of: 30 (a) injecting an antigen into the
transgeni c manmmal of claim 34 or claigp35; b) isolating a cell or tissue
expressing an antigen-specific, heavy chain-only antibody of interest; c)
produci ngpa hybrindopR Hikdie UhSanedd clfifn 29, Swhieh ks ta@Pextdilicd Gamelfi-iiapt i onal |y
cl oning the heavy chain-only anti body nRNA from said hybridoma for
subsequef®DRrloefucti on in a heterol ogous expression system such as a
mammal i an, plant, insect, mcrobial , fungal or alternative system e)
cloning the VH domain fromstep (c); 5 f) expressing the VH donmai n(s) al one
or as a Busion [Ihet\al hindingdhagh fichlim 29¢adich ampaiste un aktendedecapretidsi on
system 40. A _nethod of production and selection of a VH binding donmain
accor d? n§ke 6DR3Joomne of clainms 27 to 31 conprising the steps of: 10 (a)
injecting an antigen into the transgenic mammal of claim 34 or claim35; b)
isolating a cell or tissue expressing an antigen-specific heavy chain-only
ant i body 32f i nt & westqr colpubing iargterdiegoustheay hainrloensraRilefinker invay ohe ofn t he
i solated gell ly issue; d) displaying the encoded protein using a phage or
simlar Paﬂ?%}§§ 15 e) identifying antigen-specific VH domain(s); and f)
expressing the VH domain(s) alone or as a fusion protein in bacterial, yeast
or alternative expressjon systens, 41. A binding pol ypeptide conpl ex
conpr i€i A8 a di Mehosheelktrans e‘ﬁ@@b?"&ﬁﬁ‘i FECREIPELO cg@négcond heavy chain
~wherein: each heavy chain conprises a binding donmain, an effector noiety and
a dinerisation domain; the binding domain in the first heavy chain may be
of the s&fe sped\ tramsgenic amymmal expressingla héterobogous peayiyfdhaint lpcifsrasrdefinete
specifickﬁzhof t?qybinp@gg domain in the second heavy 25 chain

y one of clatms [ to 20.

15 35. The transgenic mammal of claim 34, which has a reduced capacity to express

endogenous antibody genes.

36. The use of a heavy chain-only antibody, or fragment thereof, according to any
one of claims 27 to 31, in the preparation of a medicament for immunotherapy. .

20
37. The use of a heavy chain-only antibody, or fragment thereof, according to any
one of claims 27 to 31 as a diagnostic, a reagent, an abzyme or an inhibitory agent.

38. A pharmaceutical composition comprising the heavy chain-only antibody or
25 fragment thereof according to any one of claims 27 to 31 and a pharmacologically

appropriate carrier.

39. A method of production and selection of heavy chain-only antibodies according
to any one of claims 27 to 31 comprising the steps of:
30 (@)  injecting an antigen into the transgenic mammal of claim 34 or claim 35;
b) isolating a cell or tissue expressing an antigen-specific, heavy chain-only
antibody of interest; |
c) producing a hybridoma from the cell or tissue of step (b);



the effector noiety in the first heavy chain may have the same or different
function fromthe effector noiety on the second heavy chain. 42. The

bi ndi ng pol ypepti de conpl ex of claim4l, wherein the dinerisation 30
domains are identical. 43. The binding pol ypeptide conplex of claim4l or
claim 42 wherein the or each dinerisagion domain conprises at |east CH2,
CH3 and optionally CH4 antibody constant donmains derived fromthe any class
of i mmnogl obu i{alﬁh {oRir3e e I GERNAMR GPri sing
a pair of heav‘Il chal n? a pair of g‘f}tgﬂ:}t&lgé}nﬂ)}o dﬁﬁﬁﬁy chai %s Oai(her ein: the
pair of heavy chai dwbadenaﬁcswbwaemt\mduc@mm ® n@rolowusméprgssmh@s@m ect or

(l'ight) chains is asspci at ed t ch n t her of
the effector (li ght @ﬁsa?wgmfl? é?sggt %l?ﬁl?gﬁﬁu?ﬁaﬂé tg ﬁﬁé gkﬁeggy
chains; each hgavy amhglth@qmt&om@ﬁﬁ-amlgtelqu yag domain, a dineri satl on donmin
and an effector noiety; the _effector chain conpri ses

conpl erfent ary ﬁssewsmﬁﬂm Ais) @%qrtaaeﬁeammsofietmaﬁbéﬁ%@s B¥hoi et y;
and the effector doymij ?ﬁ[‘ d6rlE skl N and the conplenentary assenbly

LOSS1
domain of the effect or Nt) chal'n associate with one another through
non-coval ent interactions. 45 A bi ndi ng pol ypeptide conpl ex of claim44
wherein ti@ di nemimaﬂlbd)nfpbdlﬁitibn aﬂ&sd&ﬁpﬁiof&é/;ﬁimdmgé&mﬁhlﬁpco@ﬂﬁgmmy
opt i onal Iémd-& ant 5 constant %Es derived from any class of
i munogl o 1 TOPRERE. 64% 'e pol ypeptide conpl ex of any one of
clai msjl to 4@ V‘h‘ﬁfe@ﬁﬁgﬁ%ﬁ%én%ﬁdlhetr% o8 nfiinnid1Of SlbieS4 6F clhibd 383t ) chain
is an enzyne, toxin,” binding domain, serumstabilising 20 agent, cell or an
i magi ng agent by7. iselatingor pelb et itismecesprsiseing gn anfigerospsciic hepay ehain-onlyo 46,
wher ei n aﬁltﬁ) ﬁ?f;@{ os iety of the heavy chain is an enzyne, toxin, binding
domain, a seru abi’i sing agent or an inmaging agent. 25 48. The
pol ypept| de cogpl exdmim@thy Verlecusffropd miRINA ddrived ftbr thetiseiatedcelllve tiefuepct or
noiety is peptide-b qed to the CSE‘B | enent ar assenbl. ﬁlﬂmai n. 49. The

pol ypepti de cofbl exdt 8%’03? Lepsing a ]Qf‘gﬁgr @he heavy
15 e) 1dent1fymg antigen-specific Vg domain(s); and
f) expressing the Vi domain(s) alone or as a fusion protein in bacterial, yeast

or alternative expression systems.

41. A binding polypeptide complex comprising a dimer of a first heavy chain and a
20 second heavy chain wherein:
each heavy chain comprises a binding domain, an effector moiety and a
dimerisation domain;
the binding domain in the first heavy chain may be of the same specificity as, or of =~
a different specificity from, the specificity of the binding domain in the second heavy
25 chain;
the effector moiety in the first heavy chain may have the same or different function

from the effector moiety on the second heavy chain.

42. The binding polypeptide complex of claim 41, wherein the dimerisation

30 domains are identical.

43. The binding polypeptide complex of claim 41 or claim 42 wherein the or each
dimerisation domain comprises at least Cy2, Cy3 and optionally Cy4 antibody constant

domains derived from the any class of immunoglobulin heavy chain gene.



*30 chain constant donmains are y domains, a domains, a domains or domains.
64 50. The pol ypeptide conplex of any one of clains 41 to 49 wherein the
heavy chains each include a CH4 donmain, the constant donmins are a donains
and the polypeptide conplex includes a J chain. 5 51. The pol ypepti de
conpl ex of any one of clainms 41 to 49, wherein the heavy chains each

i nclude a CH4 donain, the constant dof8i ns are domains and the pol ypepti de
conplex includes a J chain. 52. A binding polypeptide conplex conprising a
plurality of heavy chain dieters 10 and a J chain, wherein: the plurality

of heavy gghain dAﬁ)'gﬁigi tﬁfe%oﬁ%&ﬁ%@ﬁsigg' aphie ofh&-i@?icﬁda_i'zn@ﬁg}‘aaﬂglﬁﬂdﬂ’effeaﬂn

conprises a solub ding domai n"and i dentica CH4 domai ns;
and t her dlightpchains] whereint wo sol ubl e bi ndi ng domai ns having different

specificities _ jn th 15 bindin ept. | ex. 53. The binding
pol ypepti de cma&‘%&ea@ic Wé’f%sg\ﬁ%% %‘ﬁhf%gl?éﬁlgge only two binding domai ns
of dif&erent sgpeof fhietfestor @igh)4haiddie abioiatedgvifobnesithé Heve @hgiheandahe any one
of clainms 41 to 53, wherein each he,avg chajn further includes a hinge

domai n bestthigs ehthekEesiprdichiy chrinmis Assariated math the aibes of s savyiehaiish and a

hi nge-1i ke dorgi Waeth CH0l:iF0k £ o F -l Lsat | domai n.
25 55. The polré?/%lggﬁe corrp%& S% %a%igalgggdﬁﬂ%ﬁgi %Q%fhg%mgéf e(fr)g?n the or
each bi refffecigr chotety;n is a VHH dommin. 56. The pol ypepti de conpl ex of any one

of clainms 41 to 54, .wherejn.the bindin domain,is a i fied.VH domain from
any organi sm %eé‘??“’&ﬁ‘&%bo?%ﬁ?ﬁlwe% %n‘bqn@gg%?mgﬁyasﬁ%qgfdom% ﬁg‘”ﬂg to 54,
wher eilp tapacHet felit A effédBhsictysar@ manmal i an cel I adhesi on pol ypepti de

conplex, a prokarf}(oti c cell adhesion _pol_y eptide conmplex or a viral cell

adhesi on pol yeffegtor dempiney thegwavisgha porypRlsmFHary stk donaiany one of
clal s <l Qrrebdor (HERY EHalh d:Stiddd ith Bk arfBHER IOt h BnOEV AL MteraBrit OV N Tact 0T,
ntagont s I gand.

a receptor a or agonist or a
45. A binding polypeptide complex of claim 44 wherein the dimeﬁséﬁon domain
15 comprises at least Cu2, Cp3 and optionally Cy4 antibody constant regions derived from

any class of immunoglobulin heavy chain gene.

46, The polypeptide complex of any one of claims 41 to 45, wherein an effector
moiety of the effector (light) chain is an enzyme, toxin, binding domain, serum stabilising

20 agent, cell or an imaging agent.

47. The polypeptide complex of any one of claims 41 to 46, wherein an effector
moiety of the heavy chain is an enzyme, toxin, binding domain, a serum stabilising agent
or an imaging agent.

25
48. The polypeptide complex of any one of claims 41 to 47, wherein the effector

moiety is peptide-bonded to the complementary assembly domain.

49, The polypeptide complex of any one of claims 41 to 48 wherein the heavy

30 chain constant domains are ¥ domains, € domains, o. domains or p domains.



5 59. An isolated pol ynucl eotide encoding one of the chains of a pol ypeptide
conpl ex according to any one of clainms 41 to 58. 60. A cloning or expression
vector containing the isolated polynucleotide of claim 59. 10 61. A cloning
or expression vector containing an isolated pol ynucl eotide of claim 59
encoding a first heavy chain and an iﬁglated pol ynucl eoti de of claim 59
encodi ng a second heavy chain wherei n the sol uble binding domain in the

first he chaih ha f er ent lel | ubl i ng
domai n i?ﬁ@/he se@b o %‘3 "é'ﬁ °f$5£‘§fne é’ﬁgsn Hgiﬁ% eglgiﬂgenﬂé\:/ae tor

cont ai ni NGRS datlP!iAE18E ROCKNUEIERH, e @Jnsfahﬂldﬂihlaﬁﬂ %Cadﬂélﬁaiﬁs haavghechai n of
a pol ypeptide conplex according to claim44 and an isolated polynucleotide
of ¢l ai miBpepiitschomplex in¢lydes adiehrin. of a pol ypeptide conpl ex, according to
claim44. 20 63. A host cell transfornmed with an expression vector of any
one of clainms 60 to 62. 64. A nmethod for the production of the polypeptide
conpl e ofl. any Ol pdlydpéidersomplex tof an$,one wfpldisis il UAY, urtiepdn tiechdnrgt cel |
of claim63 and jsolating the polypeptide 25 conmplex. 65. A neta/n&g

pr oduci ngchamwaylpépﬂl% ac | &omadt, they costent d OEiagiSrrﬁfeMﬂ demajps an

conprise t | with a first polynucl eotide encoding a
first he}vjpe aln gﬁ!ﬁq%%u%gégcgn " pol ynucl eoti de encodi ng a second heavy
chai n; grow ng t he host cell under condi tions which allow for the expression

of the c ces of e two nucl eot | har esti n t he

pol ypept |5§e n‘pgg}}“ @E’H8§Pml3]§ €0 §Sm%63 pl‘ﬁ‘i‘gtyrrgf? HYS atf dyp 64 or
cl ai myp5 gng@tmggmcmélh& ng transformng the host <cell with a

pol ynucl eot i de encodi ng a light chain. 5 67. The nethod of claim66 further

conprising tr heasey dheindimens aregssembled by foed chainy nucl eot i de encodi ng

et Lot SO ERRRL BRUEHRURY LR R el O
di f f er entCy4 domains; and

there are at least two soluble binding domains having different specificities in the

D

id

15 binding polypeptide complex.

-53. The binding polypeptide complex of claim 52, wherein there are only two
binding domains of different specificity.

20 54. The binding polypeptide complex of any one of claims 41 to 53, wherein each
heavy chain further includes a hinge domain between the binding domain and the
dimerisation domain and a hinge-like domain between the effector moiety and the -

dimerisation domain.

25 55. The polypeptide complex of any one of claims 41 to 54, wherein the or each

binding domain is a Vg domain.

56. The polypeptide complex of any one of claims 41 to 54, wherein the binding
domain is a modified Vy domain from any organism.

30
57. The polypeptide complex of any one of claims 41 to 54, wherein the binding

domain is a mammalian cell adhesion polypeptide complex, a prokaryotic cell adhesion

polypeptide complex or a viral cell adhesion polypeptide complex.



fromthe soluble effector domain in the second Iight chain. 10 68. A nmethod
for the production of the pol ypeptide conplex of any one of clains 41 to
58, wherein the effector chain is produced by a synthetic route, such as
peptide chem stry or conjugation. 69. A pharnmaceutical conposition
conprising a polypeptide binding con%lex 15 according to any one of clains
41 to 58. 70. The use of a pol ypepti 2 bi ndi ng conpl ex according to any one
of clainms 41 to 58, in the preparation of a nedicanment for prophylaxis or
treatment of disease. 20 71. A heavy chain and an effector chain of a

pol ypeptigle bi nghdgolGRupaEE Yomples OF dhyend 6f SRMANE & 54| viicidin 4e biadia8 for

conbi ned, separate or Sequential admnistration for use in inmmunotherapy.

72. A nedomendn isfa aytokinej mgrowtiplctonrrecaptompniaginig onaganist ot eligand- a pol ypept i de

bi nding 25 conplex of any one of clains 41 to 58 or a pharnaceuti cal
conposition of claim69 to a patient in need of treatnment. 73. The use of a

pol ypeptige bi ndhnigoledppetymrlotde iencoding any ofntheothatilsabfa Hdlypeptide8 as a

di agnostic, _a reagent, an abzyne, i nhi bitory agent, a cytochem cal

t b n
reagent GYLPISRCAPIGINE SR Yongpb flatms i'o'58,

60. A cloning or expression vector containing the isolated polynucleotide of claim
59.

10
61. A cloning or expression vector containing an isolated polynucleotide of claim
59 encoding a first heavy chain and an isolated polynucleotide of claim 59 encoding a
second heavy chain wherein the soluble binding domain in the first heavy chain has a
different specificity from the soluble binding domain in the second heavy chain.

15
62. A cloning or expression vector containing an isolated polynucleotide of claim
59 encoding a heavy chain of a polypeptide complex according to claim 44 and an isolated
polynucleotide of claim 59 encoding a light chain of a polypeptide complex according to
claim 44.

20

63. A host cell transformed with an expression vector of any one of claims 60 to 62.

64. A method for the production of the polypeptide complex of any one of claims
41 to 58, comprising culturing the host cell of claim 63 and isolating the polypeptide

25 complex.

65. A method of producing a polypeptide complex of any one of claims 41 to 58,
which comprises:
transforming a host cell with a first polynucleotide encoding a first heavy chain and
30 asecond polynucleotide encoding a second heavy chain;
grovﬁng the host cell under conditions which allow for the expression of the coding
sequences of the two polynucleotides; and
harvesting the polypeptide complex from the host cell.
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66. The method of claim 64 or claim 65 further comprising transforming the host
cell with a polynucleotide encoding a light chain.

67. The method of claim 66 further comprising transforming the host cell with a
first polynucleotide encoding a first light chain and a second polynucleotide encoding a
second light chain, wherein the soluble effector domain in the first light chain is different

from the soluble effector domain in the second light chain.

68. A method for the production of the polypeptide complex of any one of claims
41 to 58, wherein the effector chain is produced by a synthetic route, such as peptide -

chemistry or conjugation.

69. A pharmaceutical composition comprising a polypeptide binding complex

according to any one of claims 41 to 58.

70. The use of a polypeptide binding complex according to any one of claims 41 to

58, in the preparation of a medicament for prophylaxis or treatment of disease.

71. A heavy chain and an effector chain of a polypeptide binding complex
according to anyone of claims 41 to 58 for combined, separate or sequential administration

for use in immunotherapy.

72. A method of treating a patient, comprising administering a polypeptide binding
complex of any one of claims 41 to 58 or a pharmaceutical composition of claim 69 to a

patient in need of treatment.

73. The use of a polypeptide binding complex according to any one of claims 41 to
58 as a diagnostic, a reagent, an abzyme, an inhibitory agent, a cytochemical reagent or

diagnostic agent.



