1 BI NDI NG MOLECULES Fi-eld of the Invention The present invention
relates to the manufacture of a diverse repertoire of functional
heavy chai n-only antibodi es that undergo affinity maturation, and
uses thereof. The invention 5 also relates to the manufacture and use
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with antibody heavy chain funct gag@aing viormcHigisabl y anti body heavy
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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 _anﬁbodies or variants thereof will represent a high propottion 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 producis recognise and bind a single, well-defined epitope on the
t_argef 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 Hpl, complex) and subsequent post-
30 translational glycosylation processes preclude the use of bacterial systems. Production
costs and capital costs for antibody manufacture by marmalian cell culture are high and
threaten to limit the potential of antibody based therépies in the absence of acceptable



remai ns dependent on mammalian cell culture. The assenbly of a
conpl ex consisting of two heavy chains and two |ight chains (the
112L2 conpl ex) and subsequent post- 30 translational glycosyl ation
processes preclude the use of bacterial systens. Production costs and
capital costs for antibody manufacture by mammalian cell culture are
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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 collecting, 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



3 and dinerise to forma dival ent bispecific antibody nonoval ent to
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A characterising feature of the canelid heavy chain-only antibody is
the canelid VII domain, which provides inproved solubility relative
to the human VH donmai n. Human VH may be engi neered for inproved
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Tmmunol. Methods, 297, 213-224).

Camelid Vg 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).



For the production of heavy chain-only antibody, the heavy chain
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which then, with Vi binding domains, form an antigen recognition or binding sité:

15 Interaction of the heavy and light chains is facilitated by the Cyl region of the heavy chain
and the % or ) region of the light chain. ;

For the production of heavy chain-only antibody, the heavy chain locus in the germline
comprises gene segments encoding some or all of tile possible constant regions. During
maturation, a re-arranged Vy binding domain is spliced onto the Cy2 constant region-
20 enceding segwment, to provide a re-arranged gepe encoding a heavy chain which lacks a

Cyl 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 er al., (1989) Nature, 341, 544-546). Heavy chain-only antibodies derived from
25 camelids or fransgenic animals are of high affinity. Sequence analysis of normal Hal,
tettamers demonstrates that diversity results primarily from a combination of VDI
rearrangement and somatic hypermutation (Xu and Davies, (2000) Immunity, 13, 37-45).
Sequence analysis of expressed heavy chain-onty 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 Vi regions is that each

region binds as 2 monomer with no dependency on dimerisation with a Vy, region for



i nproved characteristics as a result of somatic mutations and the
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approaches to thoSe dependent on selection from random sed

l'i brari eddwaigh fasnmpreflafeqm Veaand Vi domeigs mith Jhe psracipted patsatial of H‘WF tof
mat uration. da_é&i»iﬁ:lty blaidis! W3 ibRa Hi %fdohﬁﬁis AEARE RN rel2RAI gofe fakhiifds s@Rak LY

woul d provi de |rrproved mucosal function af;al nst pat hogens (Leher_ et
al, (1999) esiprecepjars ordhg sharlggumpmpelpblin faly alvo rreddesalisrativnde sdiv i
constant egLpatbH %?Bi Qﬂ%dlﬁ %ééfﬂ%"ﬁlﬂtﬁﬁzg %i&ﬂ%%mrnuﬂﬂ?%%ﬁg binfing

vivo. The presence of heavy chain Cl1Z2 and Cl113 constant domains
provi des t herokias apd dgmaigg tisrcef clyding sfar ¢xsmples salednreceptor fragmagnts may also

ant i bodi eg, Lapggpr ovi des recognition sites for post-translational
gl ycosyl ation. The presence of CH2 and CH3 also allows for secondary

ant i body 1 eq@ghidy et b BAF ;sio&g&g@g%&eg'mb%&pmﬁ@h ye padthifiat |

used as reagents”and 10 dlagnos i'cs pre-reartahged cane
heavy chai nT®®|§ apitals| énmwu swpensgudeMels nvézolefecbrlév ¢njenp cliving aud
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tfin 1y R aRoLOf PR aERE g i AR thaidd SIS L AR,

to antigen bRelsofefectomiingioy lielviverdependént 09 SeTimdtionaliin cdquinest, Eoglssering

231, 25-38) o 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 Vi binding domains (whether of human or camelid or other

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



There remains a need in the art to maxi m se heavy chain-only anti body
diversity and B-cell response in vivo and, in particular, to generate
a functional repertoire of class specific human heavy chain-only

anti bodi es and functional VH heavy chai n-only binding donmai ns 20

whi ch retai n maxi nrum anti gen-bi ndi ng potential for use in diverse
clinical, industrial and research applications. There also remains a
need in theraadémisal phiagdUibearias sbichbdee potbfacilitakee it vios retotnbinati@l emt affinity
pol ypepti de bé?%ﬂng conpl ex conprising at |east part of an antibody
heavy chai n™ in conmbination with an effector (l'ight) chain

, which is sj,0l.0 |caII tab e and s.25..eff or functio Bri ef
Summary of RN Pt aaon APRAGRIS Rl et B sl
tEe prodluct ﬁﬁﬁhdglf aagam\g‘!-bimws Clokerre: @) I[l99|9) Bt dyel R, WBLhQSIBr#D whtlgt\ilie
chai n-on anti bo in a transge rising the s
expressi my BEHEFRPLIER] Saestapty BQH@PWﬁE%E?“§§$ @%ﬁgS%W%lﬁiﬁﬁ%ﬂhwW’
that mammal Thefresaed @ﬂma%afﬁ&mrane@ﬁslcbﬁgtwd&ﬁfm 1BEANKVhE Bikisfol QEHIS
conpri ses a_heavy, chain constant regi gn which does not encode a Cal

domai n and WISERHCR s seepviB ey @dibadies, j d cHBUeserespanitinnnfieg e 295~
chai n-only gsihe §tvlydrh] @Eéﬂpﬁelsel%@ o@rcﬁl AP alsd allo®s ot sEandary

canelid V11 (Vim heavy chain |ocus may conprise one or nore canelid
or noncanel pribgdyEsaesnifiog ien bispeoificr @da@ﬂtyvalqnheomplg@ﬁéres@gi@rr@aa%tg and
been sel gt g kti@ngi neered to show i nproved sol ubility
characteristics. Preferably the V gene segnent is derived froma
human. 5 Thﬁ‘oﬁ?eﬁvé:r&%é}l ed)rbaﬁlaﬁ& Heega Qﬁalﬁ’jonltyh@aﬂh%vi/egfdﬂabéhulaﬁb@éj%a{?@y
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const ant r eBiesigugie heen Flemdh@rﬁs@ft@f l hv@gm%mp ermahtﬁn@olﬂé}laﬁffecm@o@ﬁmof
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heavy chain constant regions:
| expressed in this in vitro envuonment have a]ready undergone the processes of class

15 (isotype) switching and affinity maturation (hypermutation) in vive in the camel and can
bind to antigen (Riechmann and Muyldermaus, (1999) J, fmmunol. Methods, 231, 25-38).

There remains a need 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 remaine 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-onty or a

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

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



Preferably, the VH heavy chain | ocus conprises a variable region
conprising at |east one 10 human or canelid V gene segnent, at | east
one D segnent and at | east one J segnent wherein a human.or canelid V
gene segnent, a D gene segnent and a J gene segnent are capabl e of
reconbining to forma VDJ codi ng sequenge. The heavy chain | ocus
preferably conprises twenty or nore D gene segnments and/or five or
more J ge nefmgzrﬁ&ﬁb Eﬁnelﬂr\fﬁ @?]ﬂmeﬁw dBlaaﬂlﬁbui Smggmpﬂss 0B 6 @fjre wm_&élﬁtug amed
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nonocl onal antibody, or fragnent ereot such as a human or candid VH
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ext ended canel i d- present 1 nvent | oh

provi des a emsblsof csapbinisigrig fumireYRY etdingsagnchesaFhe bessy chaimleens redferably '
the inventi op,gids torGfibie BT ARSTs %&% }m&} AU [y of€ Gt %Jne se%néﬂ?é?
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i nvention also provides a trans [ expressing a heterorogous
heavy chai nPreaferaidy,d2 sud | $pauente awiod vertabrateoridin, \preferplely hnmars gEre GORd@loon
of the inyent] I efd 4C [ nj. | ' t hat

i ncl ude ﬁ?gh%tdy%apﬁgﬁxsgg%r%\(}i gg%%lés t 1[Se)[S ?gg%g?ﬁgﬁh@w ¢ atleni-hgn?rf/
anti body, omrefersbfybumantTh endologene segoertdi ng to 5 the invention, in the
preparation of a medicanent for imunotherapy. The heavy chain-only

i anti bodi es dheMuchervivehain losnsiragy alsosesntpsises eetombinaticngieaqusniefss) capable of
{ reagents, a : i ahl bl : 8. i J
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! pharmaceuti cal ositron-conprisrng t eavy chal n-

o fragment hBeKeekaeenthigbOof HEnERIRAM WavPBndoaus is of humen orgin

. phar macol ogi ca appropriate carrier. r vention al so provi
i a met hod28f oprasighratel aniginamgl of etradid; apigino Altpraativglycthe onstent| rygiemmap oetibe of

. conpri sing mﬁ%ﬂa@?ﬁ@mﬂ%i ng an antigen into the transgenic

manmal as descri
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 loap. |

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.



b)isolating a cell or tissue expressing an antigen-specific, heavy
chain-only anti body of interest; and 15c)produci ng a hybri doma from
the cell or tissue of step (b) and d)optionally cloning the heavy
chai n-only anti body nmRNA from said hybridoma for subsequent
production in a heterol ogous expressiorg system such as a mammal i an,

pl ant insect, mcrobial, frugal or alternative system VI binding
domai ns nayTliehieventien gsopovides Dirarsgenin mbyialgexpressing o heitiologowrbeavy chain

ant| oen- SPeCLLI . 20 MAAOBELA! RTVANGE L 8GRI hveBlRaf s

(a) i nj ecti ngpaity oprb@en antivbdies thet ihsladedighidheinsranmal descri bed herei n;
b)isolating a cell or tissue expressing an antigen-specific, heavy

chai n-onl y Alsd plooidyd Rfthd wst of 2Btavy 2hxin)-cilp lamtrbgdy,hae fra@hé;ht lthmmﬁ af:croodmgnaNA

derived f the .isolated cell or.tis
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al one or ’Q@QI usi on te| n .i.n, pbacteri al ast or. al-ternati

expr essi on R aeent, IRy eSSBS P iR, PPASIEOR UERTSIRGES hoavy
chain-only antibody or fragment thereof according to the invention, and a

pharmacologically appropriate carrier.

10 The invention also provides a method of production and selection of heavy chain-only

antibodies comprising the steps of:
7 ()  injecting an antigen into the transgenic mammal as described hereln,

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

actibody of interest; and
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 altemative system.

Vy binding domains may then be produced by identifying and isolating an antigen-specific
20 Vy 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 Vy locus from mRNA, derived from the isolated cell or tissue;
d) displaying the encoded protein using a phage or similar library;
€) identifying antigen-specific Vy domain(s); and

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

or alternative expression sysiems.



The present inventors have overconb the limtations of the prior art
and shown that transgenic animals, in particular mce, can be
generated using "mcro loci" to produce 5 class-specific, heavy
chain-only antibodies, or a mxture of different classes of heavy
chai n-only anti bodi es which are secretethby plasma or B cells. These
can then be used either to generate a reliable supply of

cl ass-specific, heavy chain-only antibody using established hybridoma
technol ogy or as a source of functional canelid VIl (VS binding
dormai ns or METAMBED DESGRIPHICN/OB THE INYHNIIENns, preferably a sol uble
VI ; heavy chain- 10 only binding dormai ns of human origin, which are
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15 the conpl ete absence of A sequences from each heavy chai n conkant
region present in - the fransgenic | ocus. Mreover, there is no

requi renment for the renovVal of the Cl14 exon if present. Thus, for
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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 construct. Isolation and
sequencing of antibody mRNA derived from B-cells shows that D and J gene segment
recombination occurs to generate CDR3 diversity. Seqﬁence 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.



These observations have inportant inplications for the inproved and
simplified engineering of class-specific, heavy chain-only antibodies
and the derlvatlon of high affinity, soluble VH domains which.m...

i ncorporaté affinity maturation via somatic mutation. 20 .
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mixtures thereof permits the production of any class of heavy chmn—only 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 incorporiz;atfq;;é effector domains

25 secretéd by hybridomas or transfected cells in culture. Antibodies and VH binding domains
of hurnan 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 Vi
30 heavy chain-only antibody in a transgenic mammal comprising the step of expressing a
heterologous Vy heavy chain locus in that mammal, Preferably, the Vi heavy chain locus

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



Preferably, the |aeterol ogous | ocus, when expressed, is capable of
formng functional IgA |IgE 119G 1g,D or 1gMnolecules or isotypes
t hereof. Individual antibody classes or m xtures of anti body cl asses
or isotypes thereof may al so be produced. Accordingly, the

het er ol ogous heavy chain locus is desigmed to produce preferred

cl asses 20 or m xtures of heavy chain-only antibody depending on the
anti body cl asaé BSchpdoRiss foeing Widtwarse 3§RAbkAb onpistedavidcht-bnly antibodies
maturation. The utilisation of canelid V, D and J gene segnments and
canel i d ef f SOFRFPFEHoons wil | produce canelicl antibodies with

features peculiar to canglids, such as,enl arged ogps. The us
of human V. TPe 8 23peefetidnS BGHREh Y oRtiog 2lEe raratidry 2 Cﬁ?gfﬁe@ 3&@&3@“@ ot a
random y selggdiadvy 8§ hBalel SEbER0NE §hRferidmardaE sé}ﬁﬁmﬁfg the step of
SO|UbI|Itg, wi || produce functional human heavy chaj n-on

. o

anti bodi e ¢55198 @i camelishVm hpavel chiais decys gthatgnaniraal; whespin thenVie Aeavy chain
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the art. 14 The Heterol ogous Heavy Chain Locus In the context of the
present ilAv&eavyorhaint dffsctoemplebwesamay beengineered dnbe feq of fusdionaledoymipscior e

or ‘a | ocus in. de Q&%J j Gh i . enqu E‘i?@ll
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domai n conpt i si ohe Ar, nore V gene nt ne ar.-nore D gen
segnent s angmﬁlﬁéel%o'rrgﬁrfo%él N %ﬁlémsgrgendeeze?%i%onﬂ)?i"ea elt%%lé; ) “gli TRRE et%’se(%e
or nore heatipmcthailocusf Additional rfexires mafisn edpinberediiako ofie: docBsy| foel @manpiy to
Pr ef er abl . sour of .anti body repertoire variability is"

t he CDRBI}Ieét}l*BrﬁV%)%#%XW’?rﬁéggﬁ‘%%i on of D 10 and J gene segnents

by the V-D an J dunctions. ,The advanta of sent i nvenii qn
P2 hat " ant RO SRR 10E B BIB9GB coh e P GRERE plaiEH 1eR7
VH gene seqiigh)dgs, dgh obdghnmiotecsled of Hsotipeh iltetesf. Uuldividiialnuitibodyt eladea ol

J . bs: i i i hi. d whil i

2 oo 1 G B B SO GRS Ol K L RE AL O, g6 nunber of
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oo pr of orabg Sety e rbpio BN tefn! chaim o i SARRRL 0 SRR Phelién sPoses
V (2, 3,28 orunimiwgeiflaey ckdat-snigeaniivag depadingropn meaﬁ@b&ﬁphsseqspﬁdqmsed,

Cel et oa. o "ERGPBRABPFOR B SREEen ABY PRttt R rGop el oy ene,

: heavy chai nséeamss @dn@niche $fbdtentdzivas tvill fpsdure cameld] iditibofies Gith 7ieatles

{9, 10, 12, 14,.16, 18, 20, 30 or, 40 re ene ;segnents. The D
. gene se,grrenPEC“HW%’émﬁhcée?’F éﬂeql?rgﬁi Q%&g%geﬁ?ﬁa 8 °§§E‘gf’%§" ﬁuﬁtﬂ,d Ini5ae
- preferably, séghgnld GRBSSIBLYNRAL SopdicRtsiRMIPsGRRE, 5GTRRE Or (CAShORdd fbr

: 25 functignal, D gene :se nts). -
2? enhance% solubjfity?gﬁl proauce functional human heavy chain-only antibodies.

Antibodies obtained according to the invention have the advant?.fgé over those of the prior
art in that they are of substantially any single or known classfand prf-:fc-‘:rablj-,r of human
origin. Antibodies are of high affinity resulting from a combihafion of VDJ recombination
and affinity maturation # vivo. Antibodies and fragments thei‘ecif may be may be isolated,

30 characterised and manufactured using well-established methods known to thc;se skilled in
the art,



Preferably, the VH heavy chain | ocus conprises fromtw to twenty (2,
3, 4, 5, 6, 7, 8 9, 25 10, 12, 14, 16, 18 or 20) or nore.l gene
segnents. The J gene segnents may be derived fromany vertebrate.
speci es but, nost preferably, the J gene segnents are human J'gene
segnents (normally 61 gene segnents). Egpferably, the VII heavy chain
| ocus conprises two or nore V gene segnents, twenty-five functiona
human D geneg,s S a 6 na ene segnents. 30 The term'V
gene segmnﬁheﬁi@%ﬁfﬁﬁ%‘?}g‘mﬁyEﬁ%%’#‘f@ occurring V gene segnent

derived froii ahesestexddraft the presedt iovention; athe térds ‘triedolbgonsinmentsi « mutleotide
optionally been selected, , 15 tated,.or. engi neered ,for inproved,.
Char act er | s SFE898 8 A HOGHS Al ArEed Wichin BO'EaiRRERRTS to g mamizns? £ yikigh
in other spagi®satedich as shark (see Kokubu et al., (1988)EMBO. J., 7,
3413- 3422) or have evolved to provide diverse Vii-like famlies of

bi ndi ng ps otAei Vg hewvoraBhinllo@e; iof BE coxafifehe pResdnb GveMhUblaRl tOh rhifiknal

i munogl obulin light chain VI, repertoire or the T-cell 5 receptor
Vir reperto migro-lesug encpdipg 2 Yadawaa CHMPHRE GFi0R 6“’5"0V G519 eSS 0BE qppore
domai n i ncoppsa i e n Rl - e
ol i 1 od ) B oy i Bl A o o B o i N B Wi
531- 537 and hRvgcheinaaifeclan degingy | (ershelevaid of Po6g) dempink rRrpigtably)Eietiprimary
231, 25-38.. : ' i+ Fediot el AL Y RS S Y
mat ur at i on e frab Ry Rellal, Gy P sRiy ok il By tRher 01D
VI | gene 16 okdbgeng sogments by therVaRgedBrtjunctioes. V gene segnent nust be
capabl e of reconbining wwth a D gene segnent, a J gene segnent and a.

heavy chai nThoadvesiage qfdlie presentripventian iv that autibedy tepsrtons apd divessityeabtaingd in
but excl 1 i It o] £
generate o Wreougadt Y b SHfitleol CH I Rak! bioeRURTATL LIRS W 3O

expressed. génelsengenSubsguenh somaticanatatioy s achikeedpwhibbnting aveininab docus

al so includes. within its. scope,an ene sequ e encodi:n
hol ogue. — Bt ris] with ot JORE ot AR el B NG ford Foies i o Yo and Lo
r econbi niig (light chaim) Dugemelobeigntecit a J gene segnent and a heavy chain

constant region (conprising one or nore exons but not a CHL exon)
accor di ng t Brefduably rths ¥atheavyvehaini locus tcomgeses fmiretwo fvefiweyV ¢, @ and)ygene

anti body as _defined.herein. 20 Thus VH codi ng sequences nay be
deri ved froﬁ?%leﬂtﬁﬁﬂ?vfﬁlﬁvmo@gﬁwel{ﬁgeS?Sﬂ?sc:e or they may be synthesi sed

[ t hogds .f ami |, to th kil.led in.th "Vl d Ny i
he. qont ext *BTorEhG O L 8RR B 07 Ohforar ahg Gy Brusd rrshePtLet
of a V geneinymgvanblubiign reconbined with a | 3 gene segnent and a J

gene segnent as defined above. Preferably, the VII domain as used
herei n r20raPregerabily, siod Vit hearty etnih losus @6inprises fromawd to flty€2,3, 909, 627, 8ppdioym

W thout " the,negd, Lofe 3Ry, PLhgs Lactor, Lo, TBi nLAl B sf UbLLLCY: ey be

derived from: any vertebrate species but, most preferably, the D gehe segments are human

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

Preferably, the Vi 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 T gene segments are human J gene

segments (normaily 6 J gene segments).

Preferably, the Vy heavy chain locus comprises two or more V gene segments, twenty-five
fonctional human D gene segments and 6 human J gene segments.

30 The term “V gene segment’ encompasses a naturally occurting V gene segment derived
from a veriebrate, including camelids and human, which have optionally been selected,
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Preferably, the ability of the soluble Vx domain to bind antigen has
been i nproved by VDJ reconbi nati on and somatic nutation. There is no
dependency:- on the presence or absence of the enlarged CDR3 | oop
peculiar to the candid species. The Vii domain is able i6 bind
antigen as a nononmer and, when conbi nedswi th effector constant
regions, nay be 30 produced in nono-specific, bi-specific,

mul ti - speci Ifnttﬁted,bdx Minedéd R imiprobddvihb@Bbristiey, ¥Bch ﬂ%ﬁtﬁﬂi@gﬂw etsg%nents
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been eI i mi niar exhuiple methev‘enlutm of fiie imdmimaglobnlin ght cigin Varepertaite.or theBod)
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The D ant Jogericel Safant ERBR opt ol eyl oRERR SR hnrch AT 41,
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is deriv from a. human ang, t hen. sal i sed.qr 10 i neered, the D
o 5! gl bhGRuRid T wﬂlﬁaﬂ%ﬁ? Ity eht iR To AR st

camel and ¢ R eI SRR B ran AR L3 spASBL, Lf3me

termns (tj) gen@gaagrmmh haaﬁ@ ohmgee@t%ef@meabr) fdgiod (iw!nh ﬁ:hlm@-f cowlphth:l savérﬂeaxbns
scope deri es a ragnents t ereo as lo as t
resul t ant sﬁﬁﬁ’éﬁtde&sﬁsegﬁﬁ P FheFRsent Snverting 1p grTaty %rf; ey Shan
heavy chai m@iﬂm@@ywﬁ@m@m&@{dqg gese@ri bed to generate a heavy -
chain-only anti body as herein described D and J gene segnents, may be

derived 1% ommgamrsagh@tqemmg BOthS LeEche Snveritioh Y iENded vithi ‘RS AL
usmg Met hods fam |1 ar tp those_ skilled .in the art and d crlbed

herein. TheB%9e SHEUEHFg c5codmge e@t?egpt,tdeﬂme e eipindragmente PBIER s Lapaaigof -
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segnent s are preferably derived froma single vertebrate species.
This may belcaBptisg sr #oge §oas PEsohy Pul §xoa) aearding tg the presgeijnvention to

generate a heavy chain-only antibody as defined herein.

20 Thus Vy 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 “Vg 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 solt'ttion and is acfive 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 beent improved by VDI
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, hi-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 mmultimerisation. Any likelihood of



In addition, a heterol ogous heavy chain | ocus according to the
present invention conprises a region of DNA encodi ng a heavy chain
constant region providing effector functions in vivo (eg-19gG |gM

I gA, IgE, 1D or isotypes thereof). 25 The invention also provides an
antigen-specific, heavy chain-only antipody obtained or obtainable by
t he met hods of the present invention. e heavy chain constant region

Oper at 1 onal iy ABAY; G0RLA vAODSHAMeI S %‘Bﬁg% b S1RAIE RUSS cllin Buly antibody

natural ly occurring or~engl neered‘gene s I's”capabl ¢
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segnent in 1. Prefer.ab t he heavy chain constant region is
Godivad frodBEISE, e i BRBRR ohe Rt oS B YoeifbRis DR G5 b B Ehalsd 15,
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at | east gne heavy chai n.constant, region gene, which is expressed
wi t hout agf i%’%ﬂpﬁﬁipﬁqﬁgﬁm%o that generation of heavy

chai n-only anti bo o occur, Each heavy chain constant region nay,
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the het edB| segigsrede hpyDcandi h gopr gegmestscre masferakls-dlex denivedfform @ Irerpan.

i nstance, | A0 Tant 704 €
i the acti T an g ey den pEEa R, oI Lk DAY, S R kiRl D
t he cl dse p/ emgnpamentsifrom busgnmlvirgversa.es, 1 gM has a high avidity for
pat hogens, including viruses. However IgMis also known to be :

di fficult fdhetemes Prencaspmentand fisenssegmanbelsminefuds wikhia tleirscong defivativess s

G can be reggl i j . WSES. |t .y e
oot o sel BOPOVEE B il Her o L oAy St St o
The expr é8srepriniig eomponentpelf 2 healvy shdive adibodolpoussastimwsity desbiglied tCgedemtas

Govor 0T, ol R 65014 SR XS 8B SRR AR g

het er ol ogou§oing@irdlyusscurting souredsi ordhgy minebé ewﬂwsishhﬁ;i%pﬁﬂm@fmﬂﬁas@o
Cs T Lot E, nol | i ght uséd: in. th .
20 A tornat ey St B alihg RRGARH e Tt voB5a L Bt oRnent A rra of

For exanpl erecominatior ahdypdefepaplynmdedgd aometid mutegion.t he heavy chain

constant region conprises a Ca and a Cg gene. Preferably, the heavy

chai n co2gt ae VR gidhgeae sqpnitinsgred prefdably|dedwed ditom auisglé vatebiak spécidaLTHES

origin in BaGhLEN\akaRE R e SAeSlg AN DodY s to be used for

t her apeutic _ : -
In addition, a heterologous heavy chain locus according to the present invention comprises
a region of DNA encoding a heavy chain constant region providin, effector functions i
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 heévy 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

detived from an immunoglobulin locus.
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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 fromthe target organism .
vertebrate or mammal in or on which diagnosis or veterinary therapy
is to be perfornmed. Wen expressed, thgsheavy chain constant region

| acks a finctional CHL domain. The C exon and, optionally, CR and CS

constant r eﬁb&ﬁﬁﬂéﬁﬁiﬁmp@s e Bﬁ%dinv%ﬁlzﬁ}t &eh Bfav§ léﬁsﬁ.ﬁ ichati 8 reghth essentl]g]ly

Preferably, the 1 exon”i1s del et he presence, .for exanple
IgMwith a famRsisesosidrastone beawyralain iconstant region.gens, |Whih isrexpressed avithout a

tl t
90 (devor cispAetgh Gt A QEIAG! EokErap L Raln, i AL bR Y Bkt B ¥
i nhi bi ted. keavihehaiy cohsiint rmmmalsoeg:msemmor (thagpy @dxtmna)l hgavyh elradi n
def d a! at t
dell ned, | 4-heR ;o SEBNSRTRO Bl gl bt BRSHEIIF I By O
manner. For amb@rphrﬁh tHeg:Eévm that the additomabhasvytiajn mbﬁmnt gegidn genéstddso do not

dormain. The_ term' SO, | des thin scope

o 1 vat i ves RBh GRRIERA St iedbe debie Hisb o-PrYaiecropis e pgmepts e

exon is abl gldemedf Supeading unahé w%ndaealuss 6N adixtmRNofY. adtitiolip Qlésed Srelféifedi N

defi ned when |t a conmponent of hleavy chain gonstant regi on.
Oﬂlﬁ@ﬁﬁ% £

Optionally, O@H%he&ﬁﬁc]}ﬂ‘“ B‘f‘ﬁégrcﬂ'li‘ﬁil: dadefomai ns maybe
TP S S S g Besisse
nat urati on ef mhdgphBizdd Gind ehedddiniplehiclt ﬁhfthv&al?eDﬁ@ﬁiJﬂhE ke QO its bmdm
pol ypeptide.. Mammal s The transgenic mammal used in :the. et hods of t

i nvention | Stepdedhangbigh aviqifefol pathoeghis Helviing iriwnth Fovevesy ke PPW

rodent suchyage &fficittiof vselidi BRA iRhfinods@ly ©¢hnfiRsSRLerddsAB: @ diss G can be
especially preferred. Alternati ve_manmmals such as goats, sh&eép, cats,

dogs or ot hesadilyhpsed |18 thesy t%gh@gquercbﬁgs, it would be useful to select for the
15 preferred antibody class, ie IgG or IgM, ‘

" The expression of all or part of a heterologous heavy chain C, locus devoidiof Cyl will
produce optionally some or all IgG isotypes, dependent on the IgG1, IgG2, IsG3 and IgG4

- isotypes presemt in the heterologous IgG locus. Alternatively 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 vctermary purposes, the heavy chain constant region is preferably derived from the target
orgamsm vertebrate or mammal in or on which diagnosis or vetennary therapy is to be
performed.

When. expressed, the heavy chain constant region lacks a functional Cyxl domain, The Cyl
exon and, optionally, Cu and C8 constant regions, may be mutated, deleted or substituted.
30 Preferably, the Cul exon is deleted. The presence, for example, of IgM with a functional
Cyl domain inhibits B-cell maturation and consequently limits the productive expression



Preferably trartsgenic aninmals are generated using established oocyte
i njection technol ogy and, vihere established, ES cell technol ogy or

cl oning. 20 Advant ageously, immunoglobulin heavy and optionally |ight
chain |l oci endogenous to the mammal are del eted or sil'enced when a
heavy chai n-only anti body is expressed cording to the nethods of

t he invention. This approach of generating heavy chain-only

ant i bodi es Cklbe \V f -1 | I PP
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different origin fromthe source of the antibodies results in the
onset of an A fimanysheiespustmeregpaienst (‘Cinoxm')ad heminglefinelinelndes lxiseguences

Therefore, in_a further .aspect. .t esent_inventi Qn proviJde .
transgenic ﬁgﬁﬁ%‘fﬁ"zfﬁf"ﬁ%ﬁ ﬁgpegfaWéﬁgr%ﬁ B a@ﬁ?ﬁ%ﬁ%{%”cﬁ%f*ﬁo ‘o@ﬁ% Vabs in 2
accor di ng gt @ldsh gpepifie eanheri m\gﬁm‘ ke, Ig%Ban‘Ethtaéanﬁgﬁﬂy' d%vasamﬁdd Cigbilorhain.
engi neere ave_a re e acity.to praduce anti bqdi es that
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for exanple, in agﬁqorepa;r,ati on of hybridonas for the production of
heavy chai n- W £ W1 2 gumppaentiof2 eavy ghain constanfaegion. on or
alternatively, nucleic acid sequences may _be isolated fromtransgenic
marmal s accdﬁ/aﬁlpﬂélvt avhﬁ%@reﬁ?ﬂés@ﬁt Hin e PPl Ainstiopaly deraaies. pgyRsy gResered 9
domai n hagvyiekhal Witeh kbt &hBkde ProvideaTued a Prodehs &6 Gof inthivt frb et dcARMdr s
conpl exes thereof, using reconbi nant DNA techni ques which are ) ‘
fam)iar to SeHeeW BRFeHR-cplh mapwations or the thinding P&Mty: Arthe mesyhiat tanBbpdy
ant i gen-spe%fy?gpﬂa@_avy chai n-only anti bodi es may be generated by
i mruni sation of "a transgeni c -animal according to the present
invention. Madhuf in a further aspect, the present invention
provi des a nmethod for the production of heavy chairaonly antjbodies
by i muni si fdedranpgspisquammalpsed da the methodylioh ghe énverfionpis engb it human. The
| nvent i on sWigtaBoRfc ARkInGe b pritBraBly RT6deR! §8f S A RBGH TaHea B, Lob biSmARRMice
of the invention, the mammal is”a nouse. Heavy chal n-oir%fy anti bodi es
and fragnentese espeqidlyf prefsrredy Adtengtivehmpmpalssueh as geatsy shesprgats, dogsner ether
provi des a Qﬁﬁiﬁk’snﬁegazhé&'b 13?, i body obtai nabl e according to a nethod
I nven a

of the present ti1on unctional fragnents and derivatives

thereof. Fr @%ﬁgﬁﬁ tﬁﬁﬁ%@ﬂpm%é $iRerifed LIHBE gétéi%sﬂﬂ%i:ﬁe ﬁﬁé?:tl?r? gec%né)lo

derived. by enz ccC _eava%'e or cyanogen bfom de cl eavage o a
chai n-onl y and.ivtheepesighlisheds BB seiligelinology er denjeg.d of |ight chains (Jaton
et at, (1968) Biochemstry, 7, 418541p5). 20 A preferred functional
f ragment 20s Aivanissepysbn imparaglabelin heawy gndeontignallydishichisind o sgdasenes to tiee

o ! BTS00 VL RS P AL M

subsequent | yo thy metheds oftheovestibmn. According to

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 ﬁanégenic mammal

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

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



- this aspect of the invention VII loci can be cloned from eg,; naltNA
. isolated froman anti body-producing cell of an i munised transgenic

| ani mal as desciilaed above. C oned 25 sequences can then be displayed
using a phage (Ward et at, (1989) Nature, 341, 544-546) -or simlar
display libraries, for exanple u3|ng yggst-based systens (3oder and
Wttrup, (1997) Nat. Biotechnol., 3 7) and anti gen- specific VH

| bi ndi ng do | de tlfle hai n | n
! domai ns ca%ﬂ’é’ﬂ 'B gl&f‘%?{”@ag%}"? Pmﬁan% amﬁaffaﬁ%og@ gjsj(l) ehret
. in scal abl embam‘bﬁramahsedy&mkample alh't‘;ﬁrpﬂqiara\‘/len ek hyleRisinas for ﬂ;es;twdmtion of

: Sequences 30 encodi n bi.ndi n I.NS so be cl
chgr acrari sB@ ﬁ@"’b‘?‘ @gﬁggbq%eﬁla\;gar%{? g‘ﬁh E?ﬁ‘?ag ¥’r RIS acid
¢ immuni sed t §@fmgQNhey B ﬁelatelfmﬁuaﬁganimmh@am &e@r&@g td (e phds@d dkfehidh
of Il binding donmains and_derivatives there Udi ng the

engi neer i “hgadr used go d%?‘f ® VB femain dyavy| %ﬁ’é@é%l%( QJE)a-“F Q‘Eﬁllﬂdleﬁ PR bi-gpReific/bi-
- variants thﬁh&ibfnawokd;ﬂ&ba‘ fh%febﬂ&sﬁ& ]fr&sﬁl%aﬁtwmt uACHREH haGhmiliab e

i nvention al so Eﬂ-‘g es a method of producing a VHbinding donain
conpri si ng thaw skilledinthg art.53) i sol ating a cel | or ti ssue expressing an

anti gen- speC|f|c heavy chai n-only anti bodig i nterestqn%é)referabl a
sol ubl e, anbltgjanivelyeer fip cadditiony aptigepmwpesifioy hegyy ordy @lics s ppy

b) cl oni ng t A eHRAYF HrRuRHHOH bf PirdndfemYlahinkli suébfaglgcle fmlppes&ft STPLATRNA

derlve

10 Thus in a further aspect, the present invention provides a method| for the production of
heavy cham-on]y antibodies by immunising a transgenic mammal’ accordmg to the present

invention with an antigen.
In a preferred g‘mbodjment of this aspect of the invention, the mammal is amouse.
Heavy chain-only antibodies and fragments thereof

15 In a further aspect, the present invention provides a heavy cham-only anhbody obtainable
according to a method of the present invention and functional ﬁagments and derivatives
thereof. Fragments encompassing the VH binding domain can be denved by enzymic
cleavage or cyanogen bromide cleavage of a heavy chain-only antlbody of the invention ie
devoid of light chains (Jaton et al., (1968) Biochemistry, 7, 4185~41 95)

20 A preferred functional fragment is an antigen-specific, heavy cha_m—qnly bindiﬁg domain,
ie a Vi binding domain, as expressed by the Vi locus as a resn.ﬂt{oiffeéombhaﬁon between
single V, D a:id J gene segments followed subsequently by somdﬁé r!nutziﬁon According to
this aspect of the invention Vg loci can be cloned from, eg,, mRNA isolated from an
antibody- producmg cell of an immunised fransgenic animal as descnbed above. Cloned

25 sequences can then be displayed using a phage (Ward et al., (1 989) Nature 341, 544-546)
or similar dJsplay libraries, for example using yeast-based systems (Boder and Wittrup,
(1997) Nat. Biotechnol., 15, 553-7) and antigen-specific Vg bmdmg domains identified.
Antigen-specific heavy chain binding domains can then be manufactured either alone or as

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

30 encoding Vi binding domains can also be cloned from charactensed hybridomas derived
by classical procedures from immunised transgenic mice. These _:_can ‘then be used for the

production of Vy binding domains and detivatives thereof mcludmg the engineering of



: CHO cel | sy, pl anfs (e

fromthe isolated cell or tissue; 10c)displaying the encoded protein
using a phage or simlar library; d) identifying antigen-specific Vi
bi ndi ng domai ns, and e) expressing the VII binding domains. al one or
as a fusion protein in bacterial, yeast, manmalian or alternative
expression systens. Alternatively, VII gonain-containing fragnents
can be generated from heavy chai n-only 28 anti bodi es of the invention

usi ng enzym ¢ .or. Cc L C cl eav t echnol,oqy. and, suhse nt. . _
separ ati on 0&@%@%&%%%§%ﬁ%%%@ ?’”fda\g%‘gﬂ ({P?IB?%S\‘%%%%%% effector
cl eavage pr didtktioss, Where the VH binding domain is isolated froma
characteri sed hybridoma, the cloned VH bindi ng domai n sequence
derived frondhidiiiht alie gerdion edsol proviline thethod of prodaxipg aswj Gindingloaain
w t hout recourse to_additional selection steps using phage and ot her
di spl ay 20 <TPEHRethp tion systens for heavy chain only-antibody

i ncor porating effector lﬁtﬁfgizag?:@l bgg#@%gﬁq@g&g%gﬁgﬁgel I S?ilg'l? hg%lty: rgig-ogfyg

- sheep, chickens and i 4§B6dy dfastviast (BréfekDHY 4 SIS antigRAkpReficIRGHNAhIADHLY

Q her production systens, ingluding virus infection (eg baculovirus
in insect |arvae and ¥@&ppdy ofanterelis) are alternatives to cell culture
and gernline approaches., O her productjon nmethods wll also be

faniliar to thos® skifeuee the sgarencgepcoding dhesYn hatias damain fom RN fedstived

]
[ I—

. for heavy chain-only #gAnQisdidéd @nsenihy, the co-expression of a "I

chain" is beneficial. Suitable nmethods for the production of canelid

heavy chaign- only cant | @i the/éhcbd dAGirstein AR Plfage or similar library;
d) identifying antigen-specific Vi binding domains, and

e) expressing the Viy binding domains alone or as a fusion protein in bacterial,

yeast, mammalian or alternative expression systems.

Alternatively, Vg domain-containing fragments 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 cloried Vu

binding domain sequence derived from mRNA can be directly cloned info 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 “¥ chain®” is beneficial. Suitable
methods for the production of camelid heavy chain-only antibody or V 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



al one are known in the art. For exanple canelid VH bindi ng donai ns
have been produced 30 in bacterial systens and canelid heavy

chai n-only honodi ners- have been produced in 21. hybridomas and
transfected mammualian cells (see Reichmann and Muyl der mans, (1999) J.
| munol . Met hods, 231, 25-38). Methodsqare also well established for
t he expression of engineered human VH bi ndi ng domai ns derived using
phage di spl aybridesinol agysféciditearedlian bells (§e2 @Rithmdnn MdMuylddnaans, (1298.J. 5

24774-24780_and feren rein). Insect larvae fromtransgenic

fly Iines hﬁ?]@‘"ﬁéz@t@%%ﬁ@%‘gg}oduce &notional heavy chain-only

anti body fr nts in ha I h.wth characteristics . e

i ndi sti %gui @%&gp%“ﬁ _ ‘f’ﬁggsé%’ﬁg‘eﬁ\r%‘i E]Gﬁprﬁsﬂﬂi'u etPeryed et M tnding

( PCT/ GB2003460a3kHyed ki@ pﬁﬁ@mhyit@mﬁmmﬂiawm [(RO01§ & BiaMN Chem., 276,
ecific nmononeric or _dineric VH binding domain 10 obtai nabl e

antigen-s I
accor di nggt it iRomd fgencenthereldpect of present invention. The
present invention also provides a pol ynucleotide sequence caonsi sting

of the het ef¥blbie amdippsgeniaily Inechaae besn shavm apaduprfupeisaridiseysahain-
encoding a &ﬂﬁ‘éﬂﬁ%ﬁ?iﬂlgﬁ&hyirﬁﬂéehﬁ%ph%ﬁﬁ bRard ¥R 1BMistiHHisRabYE &R the

conprising a heterol ogou heavy chain |ocus, or fragnent thereof, or

i sol at ed pofameuentibedy deodaerdoby rgammplisay gells hRCT/GRAAP3/9A9333 D yThes present
according t S0 dds ekl snedi L QUEC 00 1al :
provides a ggﬁ%%glf Sﬁsﬁ%%égpa\gr me &{\;\fpte_hlﬁg Dlgcrent%lzlrgo gi ous %eg{;/)?ﬂ% %omam
| ocus, oiQ e¢htaipghisaccorfies tothe method stibistengcisd piesent frwontiode encodi ng t he
heavy chain-only antibody or antibody fragment, according to the
present i nvEpR ipsasent| invention cesrd paeplest 2 poampledtisle nsedinenge nednsirtingr 6Fithes
a pol ypepti 115400 LORRE I ik andi
domai n accor ?ﬁﬁ%%%e p(eslgér?tg’ ﬁ@g%tgcllg%aw ﬁg@g’%gﬁgﬁéﬁ%“f%@ﬂ%ﬂ@y
ef f ect or noawdibgdynef e inyersiondad actector comprising a hetgroloZpsshea¥y ehpimlocus, or

activity ma ' It | s chal n

const ant 1 ofrsent WRGR, bf ik P doRty SEbeay b el Ko RD, Rafooay

of the nbf esubwdingThths presat iyegionde conpl exes retain the physi ol ogi cal

function conferred by the antigen-specific VH binding domain in 25

conbi nat i onThe piigseatiéivention slsot e géasi ;mbost celb trimsfrped fithoe heterologbust hegvy

ef fector noj;et] I t] géaﬁ}g

functi onal 13rrh%gr]f{ol?rﬁalrs’sélc})f‘i1 ?‘ng%;%#\)%g’n({rq%}\at e!l@%égéo&iﬁ@- é?\'%ﬁlﬁh?leeﬁ%gﬁ %%mé Y

t he ef f ect osntiyodsearianihody fngment, acerdingiortie prpssnttinvention. .nul ti mers or

ot her conpl exes incorporating different VH binding domai ns, so

i nparting nin a pecond aspesy; thevpresrnt invensivo girdvidsis taynolyEptidsi codipley cdoypesing an

may be psgs AL L ): . .1 i ndi

o) coul 624 s SatepipeBE Vil Olorfl RRkHind o R yBH Su bl il Wtalia o
it an effecior moiety which provides effector activity. This effector activity may be in

addition to that provided by the heavy chain constant region andé:may be sitnated at the
amino or carboxy terminus of the molecule., These polypepti&é'complexes retain the
physiological function conferred by the antigen-specific VH 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 monomets or, dependent on the
design and interaction of the effector moieties, dimers, tetramers, ﬁentame‘rs, multimers or
other complexes incorporating different Vi binding domains, so? mparhng 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 Vg binding domain. The advantage of this arrangement is that the



pol yp eptide conplex can facilitate cross-linking of different
targets. For exanple, a bispecific polypeptide conplex .may be
utilised to enhance cell-cell interactions and ceII/pathogén'”V
interactions. In this enbodi ment, the pol ypepti de conpl exes of the
i nvention can be utilised, for exanple A0 bridge between two cel
types such as a pathogen and a 5 macrophage (see Bi burger et at,

(2005) J Mopg y;t%gﬁhe comfix c&@%@dﬂ%@t@@msﬂﬁﬁmﬁsﬁ' @fferéhd tapge&d 38 SRR

is preferable t he use of scFV binding domains in such speC|f|c

desi gns. Vibispestficnepimesitiden somploe mayghe BRiGH g earhmcﬁuqel}wehdnterawoae and
[ t
I ncor por at eg, ad%gﬁ{g ha%ﬁﬁﬁség%@fgb g@b(‘c}{glsﬁ%t,ﬁtﬁgg vﬂaegﬁdé%oﬁlgfa!es N&fd Bbention

construction the a erati ons necessary to

mai ntai n t hendysedilised |f¢thamnleair<3fhndg¢ Yetwpensyveslltppes tsiicheast opathagen agda
tetrameri |-t I,€5P

conpl ex esf’C a@g&gﬁiﬂg‘g (ﬁ@ﬂ ére i égt ﬁggﬁrr%? n'g{’lat[%ﬂ %%%rmglr a?%% B&P&f i
exanpl e t hebindiog ldsmams od pféfatﬂalatmdthélme ofl eeRN ﬂrmddlgrdomdlsfm aneh bi-specific

B TR e ST T

desi red bi Oin(ﬂgjepﬁde edthiletes Quithaminéxhdl . veEtbﬁ cafstreaionrantih afieyabisence of design

preferably sol e and eptide,, ypeptide. or pr.otei
my be a no?‘imﬁlg l?ﬂsdle%ef?%b{% tg‘lggfl ’%égn bt qug]f@qr're V%f"ytﬂﬁﬁy
be an enmy MRtrah@icTpatentalCiibletiile) EWhete uﬂmerpr@ Iﬁﬁlﬂﬁwné e¥liyPeptidd cﬁaplbxe@ drar

a protein toxin, a radignucglide in_a chel |ng structure, din
domai n, a' FViEFSHTIRGTIGHOD AR TP SRFORIFRY orﬁmpalﬁdhﬁeclaa%p% Ci2 a0d
al bum n or g ddﬁkﬁ:@deﬁﬁéﬂﬁﬂ@ﬁﬁmmﬁgwmﬂheﬂwcm ddﬁdtdntfe?{é sﬁ‘?e reZ)
effector noiety to increase the stability or pharnmacoldnetic

and/ or phanmigcReh ﬂa&mao@oraﬁaaw ks @ed GbrelhBicRBES ﬂgrm&a@mﬁtlﬁed}ékésba BEkired
domai n (Sung at (,2003) terferon Cytol |rL§lRes 237 (1):
25-36). Al t@?lﬁaac VO%WueﬁeéégﬁfPfW Bigp I mgy e 2 peptide,

struct urg Ofolyhepadelbapioteid by ﬁ)ﬂead B6h-Sdpiidet Wb %0 B 6xﬁmbl€})flﬁvﬁfector
phannacodynanaj C properti es. e effector noiety nay. bepeptide

bonded to tReCHRPREnSpERS hormone, Sytaking drigo Biardsus foxjn; inartipylgr g grotein

chenical |y tbﬂa,d@fhdioauaﬂae @maneaﬁﬁg SHRRARS, i Gituam a6, 5 8RRk, Bpﬁneracnon
exanpl e by usi ng a_chem cal | nking structure such as a nalei m de

i nker . @%W@W&W%@ﬂ’%’éﬁ{mmﬁﬁés of the invention nay

be expressed as fuslon protelns uch, the present I nvention_al so

enconpassesARUpE Py be whisedis e&&e@%@%ﬁg instepsrghestahilify op phasmatokiyetic
heavy chmy najare ﬁamﬁ&o aﬂ%%@}kﬁﬂs BPIME L& %?la&ﬁc Rt RRAY Y

chai n-only anti body, of the present invention ereln t he

pol ynucl eot#/el£2903} {h@WU@Wd@@ Res.n 23 £bk29rg6X Adimmativelye thereffeotor moiety
exon( S) encasy BY a2PEEYIhEeE LBhctiie| 2l natlilily SHE0RIARY sd’dﬂﬁt@so 2s 1@ impkove

end o

=
=

pharmacodynamic properties.

The effector moiety may be peptide bonded to the antigen-specific Vg binding domain or it
25 may be chemically bonded to the antigen-specific heavy Vg domajn; for example by using
a chemical linking structure such as a maleimide linker. A‘ltem'aitilvely,= the polypeptide
complexes of the invention may be expressed as fusion proteins. As, such, the present
invention also encompasses a polymucleotide sequence consistiﬂg of the heterologous
heavy chain locus, or an isolated polynucleotide encoding the heavy cham-only antibody,
30 of the present invention wherein the polynucleotide further compnses in reading frame,

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



23 ‘the pol ynucl eoti de. For exanple, the polynucl eotide nmay conpri se,
in the followng order and in reading frame, a VH and a bi ndi ng
domai n\ effector noiety gene segnent. In the case of genetic fusions,
the attachnent of the various donmins may be achi eved using a

reconbi nant DNA construct that encodessthe amno acid sequence of the
fusion 5 protein, with the DNA encodi ng the various domains placed in

the same rege gb19shel LR FortehpOMe g:&yﬁﬁoﬁ:oaa@m@i cOriAE, iR ThethRENRS bides
and therapeuticS. As diagnostics, the effector domain can be a
f | uor escentavdimreading frage: @rfrand 2 bading demaialpHigetamyiety geneseaeitvel y, the

effector dogahg c&@rbg%@n&ictfﬁﬁoﬁspfhe GRAReRCoDihE @mst&né{ng a&%ﬁtﬂeaatcﬁiecgg

pol yhistidine or a bi"otin), an antigen to provide a si ]
attachnent ysing srscankingy DA pénstie shab enopdescihe amino1@idz jegprace of the ifvsidnar

bi ndi n t] ' e : B . - :
{1 Uor escentPpst fll ARANACGGAZ 1R BHOR dobrkectl WEBOTRAS nlline e, o
al so real i shuhtchiastructs aresofpuls iab i gtostigsrand dixeapgutiyis- As dingtosies, thalefiector

| ent I tid | Si I Fo)i ti bod
hoavy. chai roora i i T EtksSeRbe 08 e)iof Ridpnl¥ed ™ PR B e
i1 Onal 1 et or act VLt POLYDRRLL Ao Camhl eXbe. Atcordind Lo Lhe
a ..
present i _nv%?ﬂ’:} off Fbest § ]frﬂéd?)ﬁfg%lgf%cg‘ﬁ?ﬁ%}npﬁ?ﬁwcﬁﬁg%ﬂ?e% ajgudinge
heavy chB) nzigpen st sinilarteglin et witdhrhayedeiveras Wwisitd for t@i dthadirht et

noi ety functi}c(ms associated wi.th the effector chain (Figure 3). 20 As
such, in a P8 aspect, the pol ypeptide conpl ex conprises heavy

chains in c i nation with one or nore effector chains (light
Hiedfie Cauple

chains). T t¥ of the present invention provides a

pol ypept i derieapetinGaion have Glgo fealieil thad it iBRYIlea podbcead 15l-valeftdr mudfi-
ef fector chains, ,wherein: ihe ai.r. of hea\é]){ ghain%dgre assqci ated
Wth each ofdffbolasaide @mplen coBpysinga Jesst i Ean wibedy deraeBaians obite
of the PB%V%_nibhﬁt i F?\kﬁwﬁ?% seﬁwe;t@tbfg@torrlqﬁgmmﬁﬁf&oa@hgﬁg quampl'ﬁmlﬁﬁmy as"séﬁtbl_y
associ ate e ot her o] eavy. chains; . eac eavy..chal n
conpri ses MG ABIEAdAtio alcf%‘?ﬁ?‘i i%ﬂ%r?"%’ﬁ%ﬂq’ic"ﬁ’ip & Hpprging to the
conpri si ng @tschicidGdntibl dofain hblphyaNbgicd Fdcabd bdnferrdd by4hé RASY SRin EQEiaON
domai ns, and an effector noiety capable of binding'to a conplenentary
assenbl y dofEPh %fcom%@am Sathopddzionsleffegion meigty functions, sssepigted igith the
assenbl y dogmiidr éfach Fi@rcHMPl ement ary assenbly domain associate with
one anot her through non-codval ent interactions.

20 Assuch, 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 Cg2, Cy3 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,



Preferably, the effector noiety in the heavy chain is different to
the effector noiety in the effector chain. 5 Optionally, the

pol ypeptide conplex includes a flexible hinge-like domain at the-
carboxyl term nus of the CH3 domain (or CH4 domain, -if present)
linking it to the assenbly domain. Prefggably, the polyp eptide
conpl ex includes a natural hinge domain or a flexible engineered

hi nge-|i ke domai gpBehuwee kstitbly RoReined #Q Rinthl@nstaN fssCribiy d0RTRI aBsocidiae

presence of hinge regions facilitates the independent function of

bi ndi ng donaifhena arptireg theeyshdpBcovalnbintesacons- t he resul t ant pol ypepti de
conpl exes. The effector nmoiety in the first polypeptide heavy chain
optional | y Raeferablyshe pifgcear mgoicly fif e beavy chaipristdiiderey de thieieffeetor meiety i the
ef fector mi gLy Maihhe second pol ypepticie heavy chain. “According to
the present 1nvention, The effector noiety of the pol ypepticle

| _ | DU Y - i .
Gomai 1 conpr ekl GFSchybite Pua{HoRRTS Mk MNP dbmal M 48 A%

t he i nvent i denninys ofithe €8 dewein ferdPudisiomainnif prrsend) linkinpHttorthesaskanibyydomain.
tet | ent wdi ' [ ' . i . | I . .
corpr 1 s up FEURAY o PRLRR 85k SRRAP b SR fiteit 3 a, et
ef f ect or noieeginesedahingdddicadonmin tbetwrem éle @nding fdothin indathy Gfiadamain. The
i denti cal, th . | I nal d,. kdentical . (b
recogni oe a PR RS G BRI ol Hlolhedon: FpaBh B it St il
t er mi nal 1@ndjfectéradidtiet &t tharpstlizet @lypeptilerbinplends. a si ngl e honodi ner.

Such a nol ecul e may prove advantageous for the capture of pathogens,
ef fector fulhtieffieetbs tnpieye im dhepfisy ipdigpeptify htdvy ¢hail optionailyohas a specificity

appropri ate iVY.Chai n_fupcti | domains, (.eq | gA qr M..... An .
orerplary. pdnEyEER R pREl GIRoHRREmDEn i e At polsiite fy o
j[ Rvent i onFi s&m&ﬁ;gltom@?refgﬁt hﬁrfhﬂimptaf i %: eﬁz'fg:eh:}oidnjgofthap(ggiepﬁ(g d@riphRdayde -
erapy. For_exampl e, i f. the effecto golecul e CQ%I.S Sﬂ] omain
ant i gon- spedSAced v Binine A Eiermal, o Drdiiaiomain (PGS o r flomain (as
surface nar Ideﬁneaﬁldﬂab liest efpbaaif te infehtiiny o€ Oeaimeeptr Binting dbigin dTeRbsilting
ANt gens spedtrEea i HA o MO CPOGREDIs PRBSIPR) G, CoRIE P s ke
gf f gpt or EDHﬂ?e?eg'téﬁ‘ﬁkﬁmh ftied) PeofraBly me\eﬁédfort;!itﬂ?tteammlt mﬁifufsltbrﬁ:j 1 fii!@ten@Efthe
inding the effector chain it can exert a bjol ogical effect: on the
target in tHBEVHr Te 1 ?nt?ﬂeag%l%&%-a&%c?éﬁ‘yﬁgmmt% effiqal, (but
CB1954) . Theechgifidelsdifftretf antigdisrgttegeub kat Etecaumbaérﬂﬁnaﬁaicﬁ,cgaaﬁtaﬁng the

function_as the, dinerjsation, donmai may. al. so be beneficial® in
eli m nat £8n agpm‘f)lp{@?g glpglg oggqu{rl_err:r%ucr]l a mglecule may prove advantageous for the capture

of pathogens, effector functionality being provided by the inclusion of approptiate heavy
chain functional domains (eg IgA or IgM).

An exemplary polypeptide complex a@rding to the third aspect of the invention is useful

for cyfo chemical labelling, térgeting 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 4 binding domain specific for a pro-drug

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

the target and brings the effector moiety into close proximity with the farget 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 The Effector Chain The effector chain conprises a conplenentary

bi ndi ng domain and an effector noiety, which associates with a heavy
chain through the heavy chain effector noiety to formthe assenbl ed
pol ypepti de bi ndi ng conpl ex. The effector chain conplenmentary
assenbly 5 domain may be an integral cegponent of the effector noiety
or a protein or alternative ligand fused or chemically linked to the
ef fect or noyed ¥efeckitockg@avy chains of the-assenbl ed polypeptlde

bi ndi ng conpl ex _bind to the target and bring, the effector ght).

chai n noi et §h9 effestog |chain C?}Pﬁiﬁeﬁﬁﬂmme?’ﬁmﬂ%(é’”fdé?ﬁgg?m%éhd fhg eqtqr TaGigty,
exert a bi %ﬁ%ﬁgbcﬁ&f@ﬁﬁaﬂ&v&@ﬁmﬁ%&% the’tﬁeaﬁaehaﬁi éﬁ*&mh&@%e& bk

term'effector noiet as used herein 1ncludes any nol et
nmedi ates a @@M@ﬁpﬂm@@q bialing f qomplexo Ahe eastor. chpe c@mplemmﬁwmbly

orotoin o fumeis Sy SXSBER, chufibhon of R BpliPmoR PRI ltematie
domai n may lgndrfusdzgmehemically, linked el rty effeatori mpietyn ’lﬂlarlnaa\cjulchmnsa of .the
protein tox ??beieql%g{rp%gﬁ&nbxﬁ&ﬁsg g%l%n@?l?afﬂﬁ Gt‘% ﬁ‘f etséndlﬁ:rt%l#; ffecPor Qﬂéﬂ?}g

domai n. The™ e iet

assenbl y dochaiomaeiety o clotd pnb:ém;ty piibtieitorge eodisthat dtrogmmeﬁt adﬁologcni offievt of
I n nature, tgleﬁa?neﬂem on the desired effect The term ' bi nding domai n'
as used her @f ¥ respect of all the above aspects of The present

i nventio ol ypepti de domain that is active in a
physiolog?cgﬁ #ﬂﬂﬁﬂﬂgx ch 20 a blndlng domai n nmust al so have the
ability to hin et under SIO|O | cal difion

bi ndi ng doﬁgvh% e D%B in w?%§9¥ dﬂcﬁgﬁﬁEYém%ﬁ é%ﬁém%¥u @?F%%
to a cell Sbmlfogmﬂ efféuh dmah) lcell. dfhiedtfestopvtiortdin mmy Heea celdle dori eﬁcalhble a T-cell a
pol ypeptide_c f the i.nventio | i.an kar nd
Or Al Cel | RHES PENDRBIcE o REeR 5 st 8 mogatile Sackubs P exinles S0
ant agoni st Seﬁarctoa@axﬁmmy Heiagangitne, dﬁigj pﬁw&d@txﬁ:ﬂ, acpmﬁ@ﬂs&,a ﬂrﬁgi!:ﬂtébh@,ray
factors, I |ns seru ei ns, , secreted
protelns § iaqﬂ&dg géﬁW%ﬂ t By O} §@F¥9?@ﬁd
anti gens, pﬁrﬁlﬁﬁﬁé)&bmplaﬁmgﬁ'ﬁsass@ﬁﬂyiﬁbﬁm 1R ibe OA16lar, |pr§l@ﬁﬁ@bﬂ Rganic or

gl ycoproteipns, hotnones, clotting factors,
engi neer ed @PW& ﬁdﬁ?ﬁg F‘é(%trfe referably the binding

domain is a verteprs g dom%fnq%s 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 sutface 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 Vy domain,

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

A binding domain may comprise a camelid Vu (Vim) domain or may comprise a Vy

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



30 nore preferably a manmalian VI domain such as a human V if
domain. 26 domain. VH binding donmains are preferably of B-cell
origin derived fromtransgenic animals or canelids (as described
above) as opposed to Vii donmins derived fromsynthetic phage
libraries, since the former will be of 44 gher affinity due to their
generation in response to antigen challenge in vivo via VIM

rear r angenmegim&Ad vaoRRdihE dombiad reRrdbly bh®-&fif (ﬁi{g‘i:? el oM transgenic
conprises a binding domain, it preferably has dif ent - speC| fici t%
ctc

from the bi Aeimaly onewasids (a dessrbadeahg¥e) aneiipased T ¥r derneing dega
arr angenent t 1At eR OkiY I a@hd:

of differenPh@t%grget seeo%' md%?gﬁgrﬁéx%fr:ﬁﬁ%%ns oﬂﬁl‘g{eﬁgﬁ[&g‘f ‘(s}]%aelhﬂi6 (ra]g
pat hogen) . TRsporise tecinfigencihalieinge inviwivés YDF wemngamsnt etbiomatienuistiore a

specificity different fromthat of 10 the bindi n? domain in the
second heavif tbh gffector moietyi comprises atbindinmgmaimtit preterblyphas diffir¢nt spreifisity

I t bi I I

tﬁgseffle\é?or %lo Q%m%gjqogmnaﬂbtﬁeh%ﬁg}%?'tws&g%%c% glét?ige .

A mul ti val epolypeptijpepmnplee con rfudilitate caosshiakiog eﬁtchﬂereﬁtrtmggﬂa drIﬂsnd chﬂ'erent
t h h th effect h

assocI at [ ong?qi%n%&eﬁgr&g%eﬁgﬂmﬁ{\%e@ eavy chains. w ef fector chains

conpri si ng et different specificity(ies) and

T e A R e R

second- hédv thedtirading dopasinvint the sgoﬂ&ﬂmaacyaphaun én tfis way, the pol;@aptrdaeomplfam@mlbr
h h di f.f t.f t The, Conpl t .
Assenbl y DoREaett Raltpcend nRLER gt 7 Sontal inban MRSl Pecoar g domain

associ at es will be able &f émnmreffehanrbptutbxgeﬂse}& m;ltneieimpdlﬂfepmm @inyplex aagl be
created through the association of.these. tetravalent. heavy chains with effector chains

comprising effector. domains withyet. different. specificity(ies) and ﬁmotlonahty Also, the

15 effector moiety in the first heavy chain may have a different spec1ﬁc1ty from the effector
m01ety in the second heavy chain, permitting the capture’of morg thaq one effector chain,
each carrying a different functionality. N

The Complementary Assembly Domain Binds to 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 aftachment to each other. For example, the;ef:féctor moiety and the
complementary assembly domain may be a protein, peptide -‘frégment or COnNSensus
sequence capable of forming a protein-protein interaction, such as tjiat’ seen between: the
Cyl domain of an immmumoglobulin heavy chain and the cof;fstant region of an

25 immumoglobulin light chain; leucine zippers; VCAM and VI'.IA-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 :dohiain 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



20 "' conpl enentary assenbly domain' as used herein include any

noi eties that can format |east a non-coval ent attachnment to each

ot her. For exanple, the effector noiety and the conpl enentary
assenbly domain may be a protein, peptide fragment or consensus
sequence capable of fornming a protein-ggotein interaction, such as

t hat seen between: the CHL domain of an inmunogjobulin heavy chain
and the conghiahion 68HARInEko Fare%astargp@eﬁ&aingbmlm@cﬁgs%Eub%ﬂ@, dFithd BHBbAYE
zi ppers; VCAM ang VLA-4; “integrins ‘and extracel lular matrix proteirs,
i ntegrins a¢estandidpmeigef ace nol ecul es such as CD54 or CD102; ALCAMs
and SRCR domai ns; an scFv and_antigen or VI; binding domain and

anti gen. Thés gieenssedahayamd inwel doeumenterl feat itheatlsss 9f Hervaichain expressed kasay

o T TR M5 LA 0 i

const ant regi‘ons may gl ve Turt

functi ondl i ¢opoplex hiahieg pubefi tapiting endhicldging etfostphricthe hdamy gheint dopsthtregianhe
I mmuno gl obul i My t Vil o '

o compl e S ke s SRR S Bl BIRMAR, oot
Pc recept or seretdd pianabefod) qoantitihe Adcaslingty, theithedvgschani canstantadomhiindyf the
constant domains..As di.scus abov it is well.documented th t he
i s of heBRpeRde Rorablpied Bctie Haehion gy, B¢ SPeneRig Bt G e B
in vivo. Ancoafilaadly bmatted tcigtrbduct ety dpropoiueds of iptnopRpilideady chaimpl ex
having a useful targeting and biol ogical effect but the heavy chain
const ant 10 efirdustanes; Ipmoketules cflchssMabs latowingo pliapgmingiortadtirdly. iothe activation

therapeutically undesirahle, or it nof. b ecreted in usefyl .
hoant Tt s SR 1 thercomBlemsbt RN DB L GR Clof R sihading
pol ypelo} | desieg MM dxeshigh atitliey ﬁoﬂpfaﬁf&g@nﬁninmg&in@eirﬁqasa@ioﬁvifccaj TeMl iahls@mﬂn?r
artia or conpletely omtted.to introduce, or renove conponents o
P Bmunog! bt e S Sal ot P E GRBRORRg EEIdocs DR d8 o GESDR Ens
M ar e knownehdilyitls@lindiesé #EIHiduas) For fableudes) if WeulABE hoerul fo@RiteK thi class of the
macr ophages and .t he conpl enent pat hway. Due to the close proximty of
its bi nd?%gh@w@@enfrwmd%wmh avidity for pathogens, including
viruses. However, IgMis also known to be difficult for use:.if ra(%id

i nmunoas s ayThecxpiessitneef thiherwachaing ydecus plone wilkpreduse BeG, fecuding 13 d8GRn
t hese techny : Whichaksh e - R e
class of t hnigg;?%ﬁﬁ gg@%/ I%H&?Sﬁlé r gr%f ;lv)ﬁn %o y orraaclﬁ?éé H'J-m-llg l%ﬁénwe ﬁ%&shg ch%%s
of the heavindmliastiGje memephagds enkgranuldcyiss.add can drepSibeiptectnidi ng 1 gG
| g&2,

J 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 die’ﬁned. ‘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 effecior functions. Multiple receptors can be blocked by a mulﬁ—spéciﬁc polypeptide

complex.

In a fourth aspect of the invention, the effecior molecule may comptise a dimm'zaﬁon
domain such that the effector molecule can associate with a separate effector molecule.
This dimerizatiop domain may comprise one or more of Cg2, 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



| gG3 and 1 g&4 isotypes, sone of which will also activate conpl enent.
| gG anti bodi es bind and activate macrophages and granul ocytes, and
can cross the Placenta. Additional applications of varjous antibody
cl asses have been. di scussed previously. 20 The constant regi ons of

t he heavy chains of the pol ypeptide coqglexes of the present

I nvention may be of human, rabbit, rat 4r nouse origin as herein

defined..Preferably, they are_of human_ grigin. Th ol.ypeptide

conpl exes ofHedE ‘B&E@iﬁﬁt%?yn{?%mei Ye bﬁ?% g:leb‘%togig:get?g&ag!e%eqtg ’E‘F’]ﬁﬁ‘ﬂe
bi ndi ng of hbgadifsr b Hohemultineee bt Aiferdy (USdblifg dhdidduaidnObf G NEEfebDr
whi ch provide_no 25 effector functjons. El\%ltlglgl receptors can be

bl ocked by &oHHe; helepdimer er bR PElsee Pedr NS | Sffegtor splecHlcadper or
of the invegilBitr if N8 aRh GGnhi-vABACER bR e CORRmE fGids Hr TR twbr nfife
domai n such that the effector nol ecule can associate wi.th a separate
ef f ect or ProeEedigranolernles (iothedimeriantiogdomaing)i ase ieRticals thys redecingibe pessitbite
of CH2, CH3 | 30 constant region domains and/or a |

RS R

chain. Int nt "of the invention, two or nore effector

nol ecul es ' o 0 . :
mil mer . TREOREE e Tokdh R UF odectl kit That BBy poShpice
product i on efmplex edoipsisingra divereamsistingorfodfinsk polppephidavieay chaeagd @second
different ( .j.on of an effector nolecule

het er odi r neﬁ&g]iElalp Ee%r%?rrﬂﬁu?ﬁrr%%# Preferably, the effector nolecule

di ner or | timer, . Ol Ul ikl . Pr : he. ..
const ant lglélgi onséaf%?oﬁ?ﬁ?%\gj% mreéoéipé%%e%?g&%ﬁ%?g@/?i%ﬂt ef:1011
di meri zat i odordgneikia) opticaalist eemprized pt teastsCale dlsdi my, obtiompliy SCid kitibgdsof
product het ?‘?]Iﬂgﬁtr}gé&ﬁ’dog@?r%g%ﬁg pgh@lgté%fefﬁ ORI fse %ﬁ&%iﬁ%érﬁ?i‘er%ﬁl present

i nvention, ere I's pr I 'de conpléx co spn&'a di ner
consi sting of a {fi1:Sk:- : de ad Pgﬁ &CO o
pol ypepti de heav%/lé Eﬂ%ﬁa%&ﬁ% irlll:gﬁi%ggiﬁep g%%%% I de a%g%v-s@gg ﬁ%el(:lnﬁmtyas
conpri ses atlsibindinggloniaingi the aerdndpaipeptidedmvyomhain; and ’
15 the constant regions (dimerization domains) for the two polypeptide 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, optionally, Cyd

antibody constant region domains
20 The foui-th 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 i, &, o or ¥
Cu2, 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 defiried 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 Cxl domain so that generation of heavy chain-only antibody can

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



dormai n whi ch optionally conprises at |east CH2, CR3 and, optionally,
CH4. antibody constant region domains; and, optionally, an effector
noi ety, wherein, preferably: t he blndlng domain_in the first
pol ypepti de heavy chain has the sane specificity as t'he bi ndi ng
domain in the second pol ypepti de heavy ghaln and 15t he const ant
regions (dinerization domains) for the"two pol ypeptide heavy chains

are identi Gaby o bt gﬁh#ﬁ%ﬁéﬂg%a%&!}auOnggmgg%ﬂ%ﬁuﬁ%&‘?c5 05, Sefie

ef fector nolety. in conprises’a
| east C112,CGH@ (hmﬂwltbﬂma iporvasb Ithet theledditiental hﬁ@myc:}@m@p%tmt regioyi mcwvedons

.20 The four t r t v v

pol ypepti de& Eoﬁ%&gg %kﬁ alﬂ%?g&g%%% I}}e Fﬁ{/éhg{ﬁ %152& ﬂdgagge%s;/ Sele

di mers and dependivigainnhe pwhfeired dlass bmmuoﬁlnﬁquymfasmteﬂmmﬂl de heavy
chain diners are assenbled by the J chain; each polyp eptide
heavy chai rPreferaply] thes aze Gilp tivontindiogdomaianof diffendti spedifigities8n Oxpyessed IGAD,
Cl113 and, ﬁ%{h&al |y, Cl14 domains; and 25there are at |east two

bi ndi ng do havi ng different specificities in the pol ypeptide

vent 1 on dBob e ReEEReik BaRhrRk s bk R Te i ey F b ARRobals o

conpri ses ak dbdss anafiie: foBpuptide bahplecdialdan chagi on gene, Wm chis
expressed without a functional CR1 domain so that generation of heavy

chai n- onl y 1arhétha@bedimedDhe G4y chaaa@icH i8N OO dbnfae) HeRBhstanediniins

may al so conprise one or nore. additionpal heavy 29
_ 10 are p domains and the antibody includes a J chain.

Assembly of the Polypeptide Complex
The modular domain arrangement of the polypeptide complexes of the present invention
enables them to be constructed in a large number of possible permutations. Such alterahons
in the domain architecture and amino acid sequence of the polypeptide complex may be
15 achieved by svitable mutation or partial synthesis and replacement of approp"i:iaté regions
of the corresponding DNA coding sequeﬁces. Substitute or add:itional domains may be
obtained from compatible recombinant DNA sequences. For exé.mple, the heavy chains
may include a natural hinge or engineered flexible polypeptide domam 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 albumiin), .

25 In the case of genetic fusions, the attachment of the vaiious 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 patt of a fusion protein, may be located at ejther the

amino or carboxy terminus of the complementary assembly domain.



chai n constant region genes, which are selected fromthe group
consisting of CS, Cyl.4, Cur, Cs and Cal..2 with the proviso that the
addi ti onal heavy chain constant region genes also do not express a
functional CH1 domain. The heavy chain constant regi on genes are

sel ect ed depending on the preferred claig or m xture of antibody

cl asses required. S Preferably, there are only two binding domains of

The heavy chameligdy., 88 dolae Bl BRAMROR n Sy BE B u A
a donmi ns arbenibe nptiodp ae plidadelkopomph ére artneihedthan by Beimgsynthesised a4 mfusion

anot her enbodr nment, the heavy chains each include a CH4 donain, the
const ant domEHHE 10 are it domar ns and the anti body includes a J

chai n. Asse of t Pol Co. X _The, modyl,a o)

T angenent ToRvETEas P SR E B prRL B Bt fadthr 1Bk Fo female e
enabl es _tBeréﬁéaorbﬁm@@lﬁdyméqkﬁdielbﬂn@ﬁkagg&oﬁipmmﬁgf asppshty &ir@@én or it may
ernut ati on uc s in the domain i tec urea am.no
gci d sequeni‘@ cg ﬂ'g' {’RB‘F?‘% P&%mﬁlﬁ’r’?ﬁ’l‘ oy b@éﬁ Fpuple)by using a

sui t abl e MutRdmhie ligking ﬁhkh@ésu%ﬂéﬁd‘rﬁﬂbhé’dlﬂ:k&ﬁm acerrent of approprlate
regi ons of the correspondr ng DNA codi ng sequences. Substitute or

;—:l-

: addi tional d@eaffébﬁormﬁrietpﬁlapbé pisitRfed 4t @Ay Redoalin m&aem@pmrmaamg‘dme
sequences. %r exanpl e, the heavy chai ns may a natur |n%e
or engi neer & qtfé&?lﬁ%ﬁ%ﬁf&%ﬂﬂéh%ﬁmn%&e %@ewobﬂe% °

domei n ang bLhRing ddhehit QhdVicibts BE Eddatdty AP Ringd doRSh VeFee t tid
ef fector 20 domain and .t g C-tern?ﬂgal end of theg&hegvy chai %ﬂ?%ﬁ? r

CH4). The hé&aRplexdbis mefrfrrdtﬂrﬁétheamlb lyflomaian ig gefsitastedfretwesa ﬂ&?rg
are express@gmass w&&&%f R teRSwitd Qﬁ eBEh&GChRGI0R RAl A% dﬂﬁeﬁﬂﬁon domains,

pol ypepti de conplex of I's aspect of the invention may bé expressed
as fusion prefepiy hy effager moidy isctitsrksd @yhen@wdszrnmaém@bpxy pd of the

cel lular i nypa% WL A viBYhehflid ﬁﬂ:ef &%g'egiggfég@asme Hé d

in vivo &f or exa Ie al’bum n n the=Tt genet usr 0
attachrmend$ bﬂdﬂggl}l)ﬂféﬁmeﬁﬁfemmn@esnay be achi eved using a reconbi nant

DNA construct that encodes the am no acid sequence of the fusion
protein, wi Palyepdeqtids seqnepersyugctorsangdostrells domai ns pl aced in the same

readi ng frafRe pkhet ffvERohAso %vgfreyt ﬁbf)mﬂﬁr%ﬁﬁgeqﬁémg@ﬂ&dﬁ ate ‘H’S‘Jh%? of

protein, may be | ocated at ei'th e“am no or ‘car rm nus
t he conpl emémi ene;nfambmplghdd gomplexes of the frasent drventios) glvecrcrreommngmleron

t he effectorno %ﬁ#o@eo@e%ts@egr&mq qedveraﬁcr)ag&@ &P@rﬂsfoﬁhedmtha

net hods, as a rea wn i n art, rat t han bel n
synt hesi 8@d vegtoreentasingihe preayy shain of arolypeptidayomplex of dngmwaltpmnh@e The

bond or thr Bb'lgﬁhcf&ﬁﬁgscﬁefmjaﬁlg U sgcﬁ{enge)é IR Cmol e expressed heavy chains to .

be secreted as homodimers into the medium in which the host cell is growmg The host cell
may be of any origin, including baterial and yeast cells, but is preferféb]y 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,



5 effector noiety may be peptide bonded to the conpl enentary assenbly
dormain or it may be chemi cally bonded to the conplenentary assenbly
domai n, for exanple by using a chemcal |inking structure such as a
mal ehni de |inker. The effector noiety may be positioned at any

| ocation in the heavy chain. For exanpls, the effector noiety nmay be
situated at the Cterminal end of the heavy chain or between the 10
bi ndi ng dongidie gRfe@blyhe rmarhigi=e0R0s6l QR Aliematively Ithe @efedamahain ahayt be
pol ypeptide copplex. It i referred that_ the assenbly domain is not
si t uat ed betswg%s? ‘@W@%‘g‘”@%a@ W?%%“ﬁhi s might interfere with
an effector f-unction and the dinerjzation donains, Preferably t

aff ect o molbe Jrenet S pCRakS P IHG" b il FUPRTRE itk & LBt Bt
the heavy chaéReavy aaamm@biyggtﬁidé b@@h&d &F the pRkRAt if¥entid) TBe hdsk EallRgi Rbf
so as tol facilitate i pdependent 15 bindj ng/ fupctjon of effector

moi et i es. SPEIY) pEgERdetliding &Rastranl e yeast el BHtds BRETARLYR verishrate hppfecell, more
present i nveplfafe 2hBRnRidYhAESURARGhMMG RO GE REAUSIEEs A QI Ming
heavy chain“of any one of the pol ypeptidé conplexes of” thé present

i nventi on, @Mﬂﬁéﬁﬁhkh@WﬁBW@ﬁﬁgﬁ or nore of the pol ynucl eoti de
sequences referred to above and a host cell transforned with a 20

vect or encodibggrepentinyention alsp arovidss 2 hosh esll frrapiorerd wWlhpyesor grcoding at least
present inv ' ' ! i-AC.

i oh i | ow T oy cAE aBGLIBE LROLICRE P LER RO okl bfifo? SO s
i nt o -t he 1fedivgntiann Thi hesh celhmayi bs tof eyt prigin, ineluding g bacterial ko yeastedll, bately

be of any origi | il ehbftlnedBich ?iﬁ]:g SN o] 7H I .
preferably y%%%%%?%%%%%spgegf {nb&r%r e pl%ég era ﬁ%gﬁ gosrtfg%fiaﬁhl%glﬁh‘fﬁd s’[t]le
' cel | . 25 Tr ahafisney onsyothetised igdependprglytand ebsembied hsing swthodaiwhiel axsrknown
i encoding a Igfgl\éx{tchai n conprising a binding domain with specificity

r for a different target results in co-expression of the two constructs

o e M bafl, e L8l TR TH B0 SRS o
. het er odi rtr dieantyl dhaibihothobot hetemt Higuen polymptidp ceamen of ﬂméﬁﬁ%ﬁdﬂ@h@ﬂl- The
provi des a emE bl 'grﬁ‘ﬂ%;@éﬁ?ogi-hgﬂé;‘a@g%tpe}é&?éo% °..gd?%'rpﬁ‘&t%[ram§% 30

one effector cfrain a potypep ex of “esent 1 nvention.

The host cel i L 5 4 | Bagkerk Q :
corl | but | ot PRpert SpUs Ao by o MRELY el AolRShTL! utppd RNy
manmal i an hebtin-culy| antippdiesr ansk Vide Hgmainse thefeb@ cacorrdinl ao ntherefizsthespect ' of the

synt hesi sed ;3409 FRLBARNY GRS oA o BobRSe?Edvéation with an antigen.

20 Inapreferred embodiment of this aspect of the invention, the orgé;iism’is '‘a mMouse,

-

The production of antibodies and polypeptide complexes foif}fi;ealthcare applications

requires large scale manufacturing systems, examples of whicﬁ are discussed in detail

above. Such systen_is include plants (e.g. maize), transgenic cattlé
insect larvae suitable for mass rearing technology. Other producﬁon systems, including

25 virus infection (eg baculovirus in insect larvae and celI-]jnes)jff:as%é an alternative to cell
culture and germline approaches will also be familiar to those sk:ﬂled in the art,

These methods, and other svitable methods known in the art, can be used for the
production of the polypeptide binding complexes of the iiwéntion, Production of

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



The present invention also provides a host cell transforned with a
vector encoding at | east one heavy chain of a pol ypeptide conpl ex of
the present invention. The host cell may be of 5 any origin,
including a bacterial or yeast cell, but is preferably a vertebrate
host cell, nore preferable a mammalian Bpst cell. Aternatively the
heavy chain may be synt hesi sed using nmethods which are known in the

art. The pr e@s%psfﬁaﬂ%ﬁ{gi QRPOSK DY IS Sn EPANPSdptial Comp R Aid Tadertohh

a vector encodi ng at ast one heavy chain and at |east one effector

chain of a pdweyesptdhsia-oalyastieodies pnd prlyspidednndingcomplexat ofdhe invention ave
cell may bee@&m@ﬂ%m&ﬁb?éﬂﬁm%ﬂﬂ.“di”9 a bacterial or yeast cell, but
e host

Is preferably a vertebr cell, nmore preferable a manmal i an

host cell. /eﬂg} &g gé, ﬁé{%gﬁ?&ﬁ%}igﬁﬁes%d DYIbaRal é&g@aageme fieehdon

and assenbl nown i n the ar

Fur t her noSe, compasepnesnsnmultirspesifia polypoptisei compleses: hess gemplexesragraprrtionlarly
EXpressi ng aa‘iivéﬁ%gggﬁ(fsbegh? rt]ﬂeeﬁaggﬁf%l%{ ﬁi&%ﬁ'trq{%ﬁg%a p%g&lﬁh%f&fecﬂ&dﬁseases..

pol ypepti de co resent 1nve ransgeni ¢ or gani sm

maybe a non'ﬁﬁ!ﬁg&yv@%?o%g%uﬁgéﬁieﬁ%% ?ﬁg@#@%ﬁ%g%%m@gﬂsﬁ%t%}éﬁﬂ& are

present invention“also p es a roduct 1 on

C ass- speci fusefuhfensygochemmical-lahellipg Ampetinganetiods, ribkerag-and disgristics. t her eof |
according to the first aspect of the invention, by inmmnising a
transgeni ¢ dngeno-sntitefly thespprretegdn dsoiyefor exampletdue fma mntatigelieadi®iollossa

preferred,e | : LN S, 0, . ' i 1S -
B rouse. 1 B8R Hade 4 TuaBRRGa Chateifih AL AL wuioddy, 1S B
heal t hcar e afptierodineopslypeptidds coeplekarrgmgsisialz diffesanti fraigensron e sayns pethegen
exanpl es of mhigh am di.scussed.in_detail, above .%ych syst ens. i ncl.ud
oants (oo Amergute i HOBRRT he i DERACHY L st pins g rdE,
| arvae sui t apéotfiditias inthe polypeptide gortyexes of the ynvefiidactan plso del ofilised to enhance
systens, inclpdi 5 virus infection (.eg bacul ovirus in insect
| arvae and @@ﬁ??ﬂ%ﬂi = mﬁﬁm§F§@$ﬁ%??VggF8&?ﬁll culture and gennline
approach 1 14. al so.be 1l i.ar .o those skidled in.the t. .Thes
mor hods. 1nd i aPrOdiEah e pbBFeatife eriatiR ot b peRicel Suhe il s,
}D hedpr ;)pluct ie?m?]plé, tTj b@dga(pbwpg:}ﬁﬂé Eﬁmﬁfhm%@m Ic&lk@pes&ﬁclid@g_ph&\t@ﬁdn@ﬁ.
roduction of hopodi ners an 0 rodi mer s, can achi eved using
hese. et nodiectibaize Bk Bty odl afile el RfeEGIsRF ofaftads Siplex'Siab
Pol -yEeSF i de réﬁggﬁheem oﬁfnédrb&pitcfjpeemhi the slIine ﬂa&ﬁfg@n ﬁdita! ¢ffcotot )funcﬁ?]n being
ar eat - nunpe PRIt by BRBarihgn e SRAREPE e hoavy ohai n-only
S o 58 S0 BRR3  SAPu b Lol RUER T S B S5
particul arl yisady anvageus sultguaglyt toeiapaitictitihg efftdi@ holealld¥est inAphlg -
prevention of i n%ect i OUf di se@gs. The heav%/,&gﬁhai n]-JonI )(/1 ant i bodi egm
and pol ypeptFHE- SPhEE CHiTpraleUmgrr FreetnetRen icah b ped (@ stnfyre per-drg
cyt ochem calcohvaitRl! dotfplexbi fitahé BehsoRMOMBaliséd 86rVaNioR NoT (#b-AEHROR! Fetdtive
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 bindiﬁg 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



I n nmono-anti body therapy, pathogen escape, for exanple due to a
mutation leading to loss 10 of a single binding site, will abolish
the therapeutic effect of the antibody. The production of heterodiner
pol ypepti de conpl exes recogni sing different antigens on the sane

pat hogen can overcone this problem Theyuse of at |east two binding
domai ns having different specificities in the pol ypeptide conpl exes
of the i YV eRlh i Q#e?'o?@nﬁ%ehﬁdn'. hask éﬁaﬁ@ﬁ@?ﬁﬁm‘&&&ﬁga@ 64d ip Gfhnbns, and
interactions and cel'l/pathogen interactions. 15 In this enmbodi ment
the pol ypepwithe inyenfisineewdesta pheanacavtioat pasrpositian lsemprising & bepvyfehain-only

exanple, tog i pil.de eXHs &f@ﬁh Y] Sddh
as a pathod%ﬁB%ﬂgﬁggﬁé%@gpI%%éf dﬁag tunﬁ%fﬁc %ﬁgm%ﬁ%%égﬂﬁsﬁﬂ
Al t er nat i vehventie P ypepicnddse prpidsx thayse efoydiesey thein-only rptibody, a

it h .pat h i.th ef t f [ bei. i ‘
by t o naa R Bt xtaP: el or sty SEplek B8 aRGufnBhRkEr
bi ;jsgeci fi cthpptepmeiiin iifﬁa takdichnegt ﬁmrt‘hm: méﬁwlaxi%yz;ﬂd@r mmmt?)oi’:cﬁsfegﬂt Hesiyl s
i ssues_i.n.vivo en supseque 0 _captuyre cirqgul atin .
i fector moPHCAFEE Bpnr kg Ph BTataRE LosberorSRIING fopHS a RS
targeting ogefitistation addeactiGost thedm&idqainefite pr o- drug converting conpl exes

for the subsequent |ocalised conversion of pro-drug to reactive
agent. Bi - Hrdphatihdckatiplenipositifisnaid ngedicanihte @l typicallpriai fominilaed befole
ef fect or_ agent,s 25 al'so be used to bind and destroy one or nore
pathogeng)d@%@ﬁﬂgﬁgngﬂmgﬂ%iselection of bindi ng donai ns.

Alternativ t he .presence of. t or. re bindi domajns which .
Fecoontse. diaFeanenp SR EPE e Bt SrdpgiRie sPRvle B fr et
ad\d/angages ﬁﬁﬁdstﬁ?ﬁﬁh&fﬁﬁpdrhﬁlllf drl&aﬂhéwﬁedobélypgﬁliuaaammaﬁh j@u@&d(Bo eﬁiﬂdﬁnitol,
redundancy as a resu of .nut ation _w thin the pat en, The

oy esont | SROR (P FEBPELE HBATocEHA Het, e, IR saion, 214 agrled
t her eof ac cedbalisegis muhif?. Hiidhd seASPABIm@f (plcheablyheesthbifime) i lalshdBlatida

chains and co Iﬁﬁes accordjng to the_ second aspect aof the Tnventiagn;
and effe & Wﬁbﬂv%w Pa1se DR S USOEL P v nitel girghglopgand
third aspechafiiof &6, i nvention. Al are suitable for pharnaceutical
use in hunmans, and so the invention provides a pharnaceuti cal

conposi t i onBRRidyHedded foeBy YorBhtaitidn,08 ¥ Tei bid¥aly  hishiain¥ Babd dlycine
chain, effector chain BL pﬁé% eg%hge conpl ex of _the, present’

i nventi on. P PEfaoR 28 1?35 %é@@ﬂwomemh%%
anti body, ajifdRfd HRREich $Bophab)n Addifor bl Bt o GRIaNpIR hetveBPY ¥PARAHR
conpl ex of the present invention in the preparation of a nedi canent

for the ¥ dpsftred rad Bratioranadbefobomt 76 di sease. Heavy and effector

chains may be fornul ated together or separately, dependent on _the

manner of pTFROBYIIon GerlyRPhiliption, stsiler Waternigrmyestiah may be uppe It is lso
phar maceut i gadinie R REktithie A SycphliseiRak SRR M %u}%ds lcofn B¥itfoRl codipREng human
fornmul ated before % 10 adm nistration to patients. For exanple, the
heavy chai rfcaw! 3buripgefgrebly repembispgthept i de conpl exes may be mi xed
with stabiIisers,gﬁarticularly if they are to be |yophilised. =
Addi ti on of G¥gly.she bgviahmn o8y antthedied awl palypephiderrapipieays Wl heypilised int o
give stajy :_?lﬁiﬁeﬁﬂﬁ'ﬂa'ﬁ%eﬁ'ﬁéﬂﬁmﬂHaﬁﬁJcbl@Qical@Qﬂproﬂﬁat@E&fi&E.r ed stabiliser is
manni tol . Human serum al bum™n (preferably reconbi nant) can al so. be

added 15 asri iabedlbd 88 brovidesth WeBind Tbr $448A5 3 faféht MoiPribife YSRRistBde a
sucrose and _inarmtaol, trehal ose and mannitol, etc. Buffer may be

added to t HbaERASHiSH: qopmosition of the inventinsy focthe patigaf. sKhediatient|je presyrably a
gl ycine buffigfanOknd REFHE RGN (o2 aROREARNG! RS 96 AL B wi
sodiun1dihydrg%bn ph&gphgte aégggisoitﬁ%éﬁﬁ'bgeﬁmé oggﬁgte i Bl will
Addi ti on ofgeperpliydre an@dgt.ve a pH between 7.2 and 7.8 is 20 preferred,
and in particular a pH of about 7.5.

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.



For reconstitution after |yophilisation, sterile water for injection
may be used. It is also possible to reconstitute a |yophilised cake
w th an aqueous conposition conprising human serum al bum n
(preferably reconbi nant). General ly, the heavy chai n-only

anti bodi es and pol ypeptide conpl exes w44 be utilised in 25 purified
formtogether w th pharnmacol ogically appropriate carriers. The

invention tRys uﬂéﬂi@n@fs% fvitRd Mo dsd dFihd HeB R dhaﬁ-cﬁhp&hb&ﬁés pdl deSchigs,
admi ni stering a phar rraceutl cal composition of the i nvention to the

~ patient. Thebpen dims os chanpdyretide wplaranof tiadnvestjonya tbe enmiectha of a

t oddl er or R dnt £5F e fefr an adult, but will generally be an
adul t . e I nvention 0 provides the use of the heavy

chai n- on'y m&feh{geﬁuﬁe‘m b amﬁe&aﬂ&mc&@'ﬂ} Bl TBF 1Y trGliAbdi S, &wc&ﬂth@ -
pol ypepti de conplexes of the invention in e manuf acture o

medi camenf flallowing: diseases or piaeriessit womdelmhng easll prelifbrotice disorders, mcludmg
medi cament s Fastl! %e%:@gé%lr cofope%tai roséh En ()LecC éﬁv% Qgr]p(?maétcermcal

foll owi ng di sepaseé 've
di sorders, ioembhagealg bmastplpnsﬂpasnéﬂﬂlﬂagmheaﬂ uanj neek @ncboctthér solid tumours;

ost eosarco [i co cervic ea

oo™ bondisle B iy 8 99 el Sof et J9RY AEfoiopeni
nyel oproI i f dirambocgtogeriar agiogenesisi clisonder, | Raposist arconay) atiotighine/ih oty
| eukopeni t hronbacyt gpeni.a, an eS| di,sarder, :Kaposi s'
sar cong; lgntdf &ﬁmmfﬁ‘é’f‘? I%W’td&@m%@ ‘H r lseffsﬁcL !

i nf | ammat or yespipasrly tehics Bfiemmatidn) bsthring, mﬁﬁﬁb&aﬁdrﬁs axlﬂiiofga‘s nhﬁs@Iaﬁ!r Mjecti@gt
i nfl ammation, .asth sorders and. oy tr; ,ant .rejecti.on;
ot ovas ey PAROANG ST SRHRE T EEs A PR EPbo g  argite
oedem, angiMsosddrbey, AHEMBORS képsis émbaﬂbq:&ﬁ&smﬁmy Sandsitﬁsrk}a, neurological
reperfusion jn ury and iacherni a; neurologlc ! rd|§0rders lncludlng

central ner §8 y‘§‘f‘é &l BETVRYS, Fysiepp flisase, ¢ Biscsh BTHR JRvY,

15 anyot n9phingottophier Rterd GoRfRiS] Gnd PHE; B&Velbo: ﬂMEH{é&H&EJC afetaﬂblﬁoaﬁ&ae@,
met abol i c dls?rders ‘i ncl udi ng di abetes nel steopor05|s -and

obesity, Al ysvalwadﬂ {2 gL QUEOP IR R GRS MQWH@& disgase; infections'

i nfection, al-awﬁfeafdnl ®Rgterfal TRt gk ﬁﬂeoﬁeﬁl andﬁﬁ}aaﬁkt infection,

i nfection, oI ogi cal conditions associated withithe placenta and
other, pat h## P&@ﬂl constifians pspriatethwith e olasents and qthwa@ﬂnaiﬁd@n itignsjapd 5
further aspegbissSibhiitnnond resent invention provides the use of a

heavy chain-only antibody "or pol ypeptide binding conplex of the
present Q@Vﬁ‘h'f&%@%s S0 RS bieSent afveaiba85rbﬁdesoahe %Q@BPB%EWcﬁaﬂﬁ&iHj‘g
agent. Furthernore, presen i nvention ‘provides the use of. a heavy
chai n hono- agfbo ﬁvétOérwlmem;le binding complex coft thermrasent drvertiopnas @r dingpostic,
combi nat | on piehfliENR tRkapBRlicinfabhg GLAY. okl %?r&é?]t%ve it o3& the

invention as a 25 therapeutic I naglrng agent, a agent
or di agnost pse a@enheavyr a’pr@ﬁ@ntorl mﬁﬂiﬂm qfr tei prewnt; inyenfios dpneaor in
heavy chai n:&ﬂl, t\b;@p r e d
as an intrace ut%i gl %SE rnzoarggg#téggpghélﬁ &azyma thgfﬂér gfr&r eav%
chai n- onBy thetapbigymagingagenit %qucbmﬂumgentamﬂmgmh@mh fic VH bi nd| ng
domai ns.

The present invention provides the use of a heavy chain-oply 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 a.utigen~5pecgiﬁc:j 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 soliuble antigen-specific VH
binding domains. |



The present invention also provides, the use of an antigen-specific
singl e chain antibody or 30 VH bindi ng domain according to the
present invention as an enzyne inhibitor or receptor bl ocker.
Preferred heavy chain-only antibody fragnents are solikle
antigen-specific VII binding domains. 335 The present invention al so
provi des the use of a VH domain fused to an effector nolecule for use

as a t her ap®hs present inventionyalsgypmvidesthapiecd e \o; doasin/fvgedde ap effepdortmolgulee f
Description t i i : ﬂ%’m pol ypepti de
conpl ex co$??%ﬁaggt%%%§?%bag§g%¥“§ géf%lﬂlg’)a [ r??r??égg%@on ‘domai n
(optionall yB%eS%ﬁ NG e Blandisl @ effector moiety (EM. Binding
domai ns and may be positioned at the am no or
car boxy ter ni nalFigmrddAofind hB: shome ri polyipeptite dompler sompiigng b bindingrdomain
(<-) and bi 1) reghons. are | ndicat ed, Fi guse -
differ ent?cgﬁgidglﬁ?%zﬁm%naso%a?n E?Pﬁa?a@g C&%ﬁéﬁ%\ég %%Hﬁ)t ﬁlépér g%%?%%ﬁ%%?w@)bf
. the ef f ect oBindinig@bmaibyarkieffetior méiktird may bd positiansd atAhe daried er caddxpErminal

si nce honodi ners_ are produced.. No separation of products required. B.
M xture iof eﬁﬁ%@?ﬁ?&egzagwﬂ%?@?ﬁodi ners are produced. Separation of

roducts required. .Figure 3. shaws heavy . chai ol ypepti de conpl ex
Pn associ at ?on '%q?ﬁﬁbl%ﬁéi@fsf(é@%%%ﬁ?egﬁ?émgfﬁcé{églg c%gi Ir[: conpri ;ne)s a
G801 o T ecobeal i) SRS iR boreeCat P ey e et
Dis reco : 0= 0r

ef f ect or 10 € oBthe effEYGTRaoidtP Y FartheNBihdih® HomdifR Q. PEFREA Bbtionfif@ HoRbdiefai N
can be synthesi zed separately from Beavy chg{i n, Figure 4 sho(ﬂlrsn a

bi val ent seé’ieePISQhVecf 0 i Pl P prodprtivreqrngd: 1B lftHre iof bomodimers; gud o
5 shows a Wét&&&ﬂe@@}eﬂ?&ﬁ\éyd.Séﬁ}ﬁbﬂﬂfﬁod@%ﬂzc{uﬁ'&i.pm ypeptide conpl ex

20 assenbled via a J chain. Figure 6: shows the strategy for.the

generati on Piguiel A BRAR A Heall.(HRInGOBHESTEE RemABX InddesdeRebid wih én kfféstor chain.
functional generation of heavy chai P-onl y ant.ibadi es and VIT donmi ns
as a result 1y stisetox é:gfﬁn CREPYISER Getomp ementafy binding domain (CBD) and: an effector

15 moiety (EM). CBD is recognised by EM of heavy chain. CBD i$ fused to.or part of
effector, e.g. enzyme, toxin, chelator, imaging agent. Effector c_haii1 baﬁ?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.



Figure?: shows the strategy for the generation of transgenic mce
expressing an IgMIlocus 25 and the functional generation of heavy
chain-only antibodies and VII domains as a result of antigen

chal l enge. Figure 8: shows the strategy for the generation of
transgeni c mce expressing an I gA | ocusand the functional generation
of heavy chain-only antibodies and VI | gomai ns as a result of antigen
chal I enge. guL PEALERn I

obt ai ned frorﬁq%‘!f}leSI &e W ED 35;"1%9?(%? ts?/%éééﬁ@ ﬁ%grbgﬁé)ﬁ%&ﬁ cDNA
conbi nat i onusiig Wt en:iaﬂmzmﬁmgmmeqmbmatm mtb hum@n@"él pringeg fram| miceieonigittifg

constant regi.ons t e a ¢ Kl [ enmpy

The resul t s 2P i “%ﬂ\{ r?%oﬁﬁﬂgﬁgﬁ%egﬂ?é@%%régpﬁﬂl %atemgye ﬁm
of VH camel iddultédhéwila CHO Rsiot tegiosed. 1- n st ands for any nunber of V|
genes, or 0 or J segnments. The normal conpl enent of the human | ocus

isté Vlgenes ZEgﬁm@Oﬂ&rﬁf%cﬁrﬁﬁQVWﬁoj ftlﬁel?prmwmmm?ﬁqf kORC L inGiatis fon asy)
an segment s case 0 or or i on
there i s nolpy eé@fb)ﬁn =P'h]§r°é?'s @&‘?%}% m%ﬁ‘eé&?;ﬁi‘%ﬁtwgg

and M. ThesyN ganess %cmnae @s@%&mewesegeﬁ&lelstenkOms
described in the gubl i c_domain e enes D and J segrrents and C
exons are pfeefxbr forighBer Cp(for thhteams creipae Hiigeion mdthagisap additional

| e’ udi NG C BRIl GiFbotldin CBE dndRAR The PGehdIR) BATRLdudnurild olpiévide SHRBAE
woul d not be nut.ated as ey are naturally sol uble

14: Mousd0 i asdesétibed inche pbliedehainand anti body assay for t he gener at| on

of 15 heavy chain-only IgG agai nst Ecoli HSP70. gure 15: Fl ow
cytonetric dhaVisgeses Rdandinsaapits @@c‘ﬁ@m@tﬁ%@rp@@blﬁ@ma@r butispele he gioml s

derived fro r E(:VII%
anal ysi s of %&%&S 98%1 @gghﬁgé}ﬁrgehedﬁl E{%gé%teggaseggégéce anal ysi Sgen?s
resul ti ng ambildadibelnisated a5 thyGirg Weﬂﬂsﬁlubléxarrpl es of somatic

mut ati ons and VDJ rearrangenent seen in inmmunized transgenic nice.
Figure 18: ResulXiguisfl4i Meusedsimainizating salseslaly anhartfibodyoassayebd the generation of

transf ectlfd Whhaﬁflq%ﬁ??g%?ﬁ%}ﬂgéﬂﬂqﬁ%a' ning A5 antibody.  Figure 19:

Results O ern ysSI's of sera of transgenic nouse |ines.

25Fi gure 20: Sizg.fl3gl Ff%@«aéy'to%‘eu% 398 And SRS iy (BRE Por Sh1RSH ©

chain | gM

cells derived from transgenic mice.

Flgure 16: Results of ELISA analysis of DKTP nnmumzed transgemc mice and
sequence analysm of resultmg antibody hbrary

20 Flgure 17: Examples of somatic mmations and VDJ teenaﬁgement seen in

immunized transgemc mice.

Flgure 18: Results of immunostaining assay on Tet-on cell line transfected with

response plasmid cont;nnmg AS antibody.
Figure 19; Results of Western bolt analysis of sera of transgenic mouse lines,

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

Figure 21: Results of ELISA analysis of smgle chain IgM and IgG antibodies
raised against human TNFa

Figure 22: shows a strategy for the generation of a homodimer plasmid with
30 binding affinity for HSP70 and «GAG.



produced by the IgMplus 1gG | ocus mice. Figure 21: Results of
ELI SA anal ysis of single chain IgMand |IgG antibodi es rai sed agai nst
human | NFa. 37 Figure 23: Functional expression of honodi nmer

pol ypeptide conplex in CHO cells. Fi gure 24: denonstrates
functional binding and simnmultaneous of,-honodi mer pol ypeptide conpl ex
to al pha aGAG and HSP70. Schematic repriesentation of a bivalent, 5
bi - speci fic antpody.,a. 0 L.abl ' 1 H2. .di

agai nst gag) isF%PS%%%A%%§% 81%%$@§£§3@?%@%§f$§%%§%Fg§&§@%§3“c}§?n
only anti beelis. contai ning the other specificity (VBHL directed agai nst
HSP70). The hinge region between CH3 and V11112 has been repl aced by
a |inker regi onFigher @dakdbmasiited fiastibml dirslmn ande pimadientols of rhokodiewr

arrows). Coat | SA pl at e, wit i th.1% m | k/.1% BSA. i
bBS, 1 nbubdbRPRTS EoRph o 2ubte AT i P i sl e hentyife pha e,
B Zﬁ cel |5I |bi/—§@ﬁﬁc(aﬂtﬂj2f¢tiﬁim§écbﬁﬂrﬁﬁ%blé ﬂej'g&nqgm})z.diﬂteds :g}gab@ughl, d) itﬁrclbh&i 'mﬁ]
wi th sanpl e buffer =2-nercaptgethanol and run _on 8%.gel. . ain
pol y/ mnocl%‘éﬂrboéﬁ?%gﬁégogé Hat ched P EP&%B%%W’%%&P@. eh SREGELIty
Rabbi t pol idesoll RSkt RPN THS Wik Yspion BetwiR /OFI3 AR YHIPNRYS/ Heomt
a Human 1gG BRP_(brownj. a Daboo;i/: Goat a Human | gG HRP (brown).
Lane 1: Gageplaceil hyadipker tegion wherp |all pysteipeshave beegyeplaced by prolings, (argwe)-
medi um (i s &) AV : | 2i BS inBidate AW
Di abody(/ éﬁgﬁﬁﬂ%ﬂ@ﬁ%%ﬁh %a#%iﬁgfé% l}h Qﬁl ]tg%igle%?ésé} g_:lmiglla.S ’1%%%& Lane 1:115:
Gag '/ Dil@bdépody mediixh KL Bh) anddbes with RI2Y cpll lyeate (sprtainetPRT) (1:2 dily. BhaigsA

Figure 25: RISSCIAS B SLERuIRE DA aeReiAd W Shy BRH LS oin it

pol ypepti de €o S, 0 I'n assocl atl on : ctor chal ns
carryi ng | glyahémeclonal fniibodiepnag2iFi (Gege @iBbodghend HBR/Ost ¢ alCegy Rabbit

t he gener atj on, of, . henaodi.ner l.vRept compl exe ptional |y i
assogi ati orﬁo&c{oﬁa@h ec?&?b%%ﬁpz‘%ﬁ@agrglgﬁﬁ" H%T‘P °%‘%ﬂ?/‘e"’8'%%g? u%agt%gﬁ@
Cener al TedhwowgleDiabddyasmt d Eumar (eGHREr(hiosa). Latd 1: tGagii Midbally ABI21 cell
scientifjc.,te used herein have . sa anin | mly .
cinder st did MFeoREeal Cop P gai (= PisbgeeRpe paneol)? HifY Loy 3 - milk
cul Lure, 25382!(;1’%}3&&&}? /mem)aﬁé#: nuglkeﬂas:aaccﬁmreMﬁiumerh%h?d gi eag ¥ on
t echni ques i ochem.st .. Standard technj ques_axe:used for

ol ecuﬁar, %&?Q(Fﬂh‘%ér%ﬁén&%&uﬁ%‘?ﬁ%&m{}sg@ﬁ@%ﬁér al ly, Sambrook
et .al., Mdlecular dqning: Labor at Manual ,, 2ngd . Ed. .,(1989) Col d
Shring Har bor LIS dey Sitmrsee et Ke) g pign et bmodines sabacbe)
et al, Shordombledspsifiosallyin AdbdcRtioh ith Bifedi@@Yainsl@BPihg A eBlditor fuhotidh

Wley 8c Sons, Inc.) and chem cal :
20 - Figure 26: shows the sirategy for the generation of homodimer polypeptide

complexes, optionally in association with effector chains carrying Ig&i‘efféctor function.

General Technigues
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 chemisiry, hybridisation techniques and biochemistry).
Standard techniques are used for molecular, genetic and bioche;mical 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 Immwmological Techniques.



30 methods. In addition Harl ow & Lane, A Laboratory Mnual, Cold -
Spring Harbor, N. Y, is referred to for standard | munol ogi cal

Techni ques. 38 Any suitabl e reconbi nant DNA techni que may be used in
the production of the bi- and nulti-val ent pol ypeptide conpl exes,
singl e heavy chain anti bodi es, and fraggents thereof, of the present

i nvention. Typical expression vectors, such as plasntds are

construct eq&uﬁ@ﬁﬁéﬂl@ a6 bRt m&l‘tﬁaﬁﬁ eCﬂQSt B@u,-te@ fn ﬁﬁqﬁodﬁ:uéﬂﬁﬁ’ 6 b at-ngd of
t he pol ypepti de conpl ex or anti bo ¥/ Wé Sui tagP est abl i she

t echni ques M- @ﬁ%mmefﬁt@lc@ﬁ@?ﬁ%ép erheaYYeThelt qﬂﬁ%ﬂﬁfé‘ﬁ‘l ephs
and separ atdf -senf SEAHRAL TG @Eﬁ%s%mﬂ&béct% SR8 hs I3RS %%hstmcted

i nvention rovli des vectors includin constructs for
expr essi on cgmpnmg/?quwnmsloydiaaﬁ”@r@e@h sthe nhatrrsatf W@ehﬁwombxtﬂﬁe

ovent o, GRS SHPHARES Sl ABR0E BF RO o Budlal MG BLARETYr
const r uct edniviwhegiobuting ud mepatatien Eiésulien fiepmeds madbetged.or nore t han

pol ypeptide chain. For instance, the DNA sequences encodi ng two
di fferent Hﬁmweseﬁtahvmhmaylst»@rdvﬁrbewb@ots dbchaflidig eonstmctspfosithe axpressinn tofie

sane plasm,d.. A.tern I DNA. s uene codi .for

ol ypopt | ddeRAT-GiLy =it by Fargbepic Rt U1 qra e 2af Fftesion of

t hus producpotygelmdawﬂmﬂﬁxe@bfmemtmum@doml asm ds, each coding for a
particul ar polyp eptide chain. Preferably, the pI asm ds into which

t he sequéndesilabe appdstatddeitiatos ﬁngla Vpdsri thiyebe Edstugdasiiftiil corsaiishihe DNve(
o auent s CEERGS RISE tin gk Db pRBROHHD Rhatt e ARRSE B2 K sequonce
pol ypepti d%n&ﬂiﬁgl 1906 i eBeh Bl HRIng Xl B Shefted RCAifiBniWokiibng 6y thesatis ed

for clonin acterial systens 1nclude pl asm ds, sueh as Col El,
pcRl, pBR3 CYC 184 and RP4, phage DNA or derlvatlves of any of

t hese. For use-i.n.cloning in yeast sys | tabl e expres

vectors ind&r{t?&@ S e L, SEFBRICS coding Ty etcbnp%meaﬁﬁ S'i‘il ssted,
cont ai NijRY iAdividRMy 46 b plaSmidBBbroduding ey tﬁ:ﬂb&pdﬂ%bﬁtm&@(ﬂ?lﬁﬁﬁﬂs §Esh cB@ing
used in claning in_manmal i an systens. |Insect or. baccul ovjral pronoter

sequences k2 patiga pobpertids elz%m @étfﬁra@@n@e Slagnids dyteyhick fae, segpencesy e

i nclude pl m%&i&{ﬂpﬁﬁgeﬁ rom for instance, pBR322, bovine papillom
virus, retroviruses, DNA viruses and vaccinia viruses. 39 lines,
transgenic B&l:l@ﬁiaﬁmd't@%@ﬁh&d B RSEb IR R h@ﬂ%eﬂ"fs@%at ety SHobtedM aloBtaRE DNA
vertebrate expression systens. Pol ypeptide Conpl exes and:Singl e Heavy
Chai n Anti l5eaHeRess Bqdutstferwlég@hqpqlmﬁ icB#ng in thg nolyppetida Gereplex.ood t hat

term " pal ypeptide conplex', 'a. single heavy chain antibody' and
20 Smtable expression vectors which may be used for cloning in bacterial systems include

plasmlds, suéh as Col El, pcRl, 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
a2 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



5 'heterl ogous heavy chain | ocus' of the present invention also
_include honol ogous pol ypeptide and nucleic acid sequences obtai ned
fromany source, for exanple related cellular honol ogues, honol ogues
from ot her species and variants or derivatives thereof Thus, the
present invention enconpasses vari ant honol ogues or derivatives of
t he pol ypepti de conpl exes and anti bodies as herein described. 10 In

t he cont exy;, Qf n V 0
to inclu def]%e(r% treEnE{enﬂ o 5 flslg%cgeﬁlglgin%mcaﬂd PE;HEF;{:%@H%’(G%?Q&%B&% éx%re&sgééle

| east 80 , ,
96, 97, 98sysB@s. 99.5, 99.6, 99.7, 99.8, 99.9% identical, preferably
at least 98 or 99% identical, at the anino qciq | evel over at [east
30, pref er Bilypepside Cotapleyes ord Single HieavydCledn dutibosliested thgrProssnbluyentionan

navi ng. si ot ok e T Tl p S Rlcolfice s SnaP el AR SRR OWEC,

t he presg nmetem@m ibeavyi thdis lpeust ef rtd pte@zmenpvmen mlmnimbxgle i Tmntobrgoes of

sequence id nt| Lese |nvent so i ncludes.cons u

oxir os onpydiepend R SAER brdneren ot Rl RRE B olieE o SRl ey
the pol ypemhmog@s@smamgu@rﬁtonhﬂm gecied adheripteselstivatinesahdgréodn. 20
After expression of the individual chains in the same host cell, they

n’ﬁy. be rfactmgg elga ‘gﬁs@t QWetdﬁoﬂ Iafcoﬁj@msésetmaﬂt@,l hmﬂbgllgetoﬁoi’?ﬁ{r@ves)bf Higavy
chain-only anti active vi sage at, in
preferred P%- é%gﬁmé?¢%m@ﬁ%? eSFHE“Wh%?VﬁH% heavy chains will be

process ell to.formth | ete i de .c Iex

P Ot 8 b i ORPoERE Btrst i, 4§ doroBei Favard Brinkas: 6 igaup

the ef f ect gkingRAaid RedusndervHidhGs et 15@%0“ as ejoy9£§6 &7} b%1991399.52 906,39, 7999 B or
by synt het Techni ar tion.of, req&nblnant

ant i body p'S?C %égﬁqﬁa@ PEHRRP xséieqsts 1»5 4t e appigQ acid davely sk ks
and al so i pastf0 pReraEmy S0, EB- 90 Or QQ@&@Z&% acﬂa Ait@o@alo%‘fotgﬁﬂﬁnﬁﬁopbeo

436 597. 40 |mmini sation of .a Transgeni ¢ rganism_l:n a further
aspect, t hé‘nﬁ%dé@@ﬁ’é‘ tePerl Flﬁlhla‘ié‘ﬁ’o@‘l ¥ 0IE0 ﬁ’éﬁih‘ﬁﬁdﬁeérham5 W@t@?%ﬁl of
the a”tHboﬁhﬁét&%h&ﬁﬁmgrﬁ§ﬁ£hmhﬁﬁﬁ&?m9@mﬁﬁﬁﬁﬁhﬁh&ﬂnqgQhﬁ&ﬁhﬁﬁ' eﬁﬁ
antigen to a tran.sgenic organjism of the present invention.

ant i bodi eshemelogyonjap of wavepidemites pr oduced: fron1transgen|c anlnals
of the present invention include polyclonal and nonoclonal antibodies
and f r agmeAhe presrat iyentiopfalsg dpghades rens i gxpessdan yacloryal; traapfornpaqdhost
transgeni ¢ odfl R lusd G plbaulBESHo pbfile oBAAbxd Okl CniiBliied of T RE:

i mmuni sed anth aﬁBantPgéH ahd seéru r%ﬁ1t ém?nnuﬁ?ged %n? ,ﬁ} ent
col | ect ed #ventiopeat ed by known procedures. |f serum containing

pol ycl onal anti bodi es contains )
0 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 i 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.



10 anti bodies to other antigens, the polyclonal antibodies of

I nterest can be purified by i munoaffinity chromatography and such

| i ke techni ques which will be famliar to those skilled in the art.
Techni ques for produci ng and processing polyclonal antisera are al so
known in the art. Uses of the Pol ypeptisge Bi ndi ng Conpl exes and

Anti bodi es of the Present Invention 15 The pol yp epti de conpl exes and

anti bodi es mahpdiing ok hagamebsic Orgafigh of the present invention may
be enployed in: in vivo therapeutic and prophylactjc.applications,, in
vitro and i B &ifirtierppgtothe inessppinyengion grayides g Wﬁ‘%?dolg%é&ayméwoﬁl é%é%t
appl i cati ongyibadies §#VRe pick&ut iﬂ%ﬁﬁcﬁ?@dﬂﬁﬂrﬁin?%ﬂmﬂﬁs%?ﬁg!aﬁ%ﬁ%en%eéﬁ%géﬁ@
pol ypepti de conpl exes and anti bodies "'of The invention involve the
admi ni st r at ¢ra#nisst ofthepratsaliavangor reci pi ent manmal , such as a human.
20 Substantially pure pol ypepti de conpl exes and anti bodi es i ncl udi ng

fragment 5 t e ewfibodies ard ipekypeptide coorlrEes podwrgé fwim yransgenip ranhealy of theor
adm ni strat] : 9 : ' ' t
ot ef e red- 1 el SeufE e pAPRont shPmisddh AROEIANRIRELY HhRo LT
human. Oncepqiynianal andfbodiesraré dédirgd,cthe transpermedmai (t.yg. asoudes stbbidgoat, Herse,

ol epti de | ex nd ,;heavy-chai n-qnl i i . her ei n
o Doy e Y B mfista MRV Bl Yt 3 AR 8 AL oot
extracor porgﬁll tga)edom{[ lcmivﬁ:epmbemxjte:s? Iﬁawedlm ?bﬁta'bimg;[ r;g;gglmaly amibodll | 'ﬁw:ﬁns
usi n me ods. (0] Se SKI N . nera
o v ent 1 R Rt sy P SLcia oot of o ey teoRutof be
utilised i _fll_inﬁhl' hifrio £| fﬁi oty Eloomatb@estyl e swhli lﬂfeﬁ&ﬂ:hiqﬁémh]ﬁgi Gl beyfadflpk @pthost €
carrilers. a , 1 se.carrlers_ 1 nCluge agueous. O .
al cohol i o/ afiilled n tieart Teghnicues fon Bepdise nd quacsing; nolyelonaloantipsra. re Al

I ncl ude sal kpgmantheart, buf f ered nmedi a. Parenteral vehicles include
sodi um chl ori de sol ution, Ringer's dextrose, dextrose and sodi um

chloride andses aﬁﬁ%mﬂp&gﬁlﬂ%h&ngalﬂ)hpﬁtﬁ £1dl Antibodies of the Present Invention
physi ol o%c | I y- accept abl
e

adj uyant s, i f. necessary to_kee
pol ypept YRR en“%lﬁ‘?i‘éﬁé?%ﬁ?“‘f?&iﬁs B@I'td%éwﬂmn&n#hm&@ﬂﬂ@r@esgﬁch
as car boxy nydhbs Hal Bk eSBloysPinY ¥ 11vd Bap@kit RNEroplSRdcat hpblRitibns, in vitro
al ginates. Intravenous vehicles include fluid and nutrjent )
repl eni sher @ddiyvefiagnosti applications, @iegessay and reagrahapplications andshe ke- on
Ri nger's dextrose, Preservatives and other additives, such, as,
ant i m cr obi areEaPeyfie: sud irephpiagtic EWéwf;lt%ao%e@ngscW&eﬁéP agfihodies offfiz

al so be pr emeskion Maslke thd 82ihisRaTE TR MbEveD A tddRitnbaibl, Sich 9% Bfnan,
16th Edition). The pol ypeptide conpl exes and anti bodi es, including

fragment®m t ses@eially phre BB paifias esthplexes 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 hetein 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 fonﬁ together with pharmacologically appropriate carriers. Typically,
these carriers include aqueous or aleoholie/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,



i nvention may be used as separately adm ni stered conpositions or, in
conjunction wth 10 other agents. These can include various

| mmunot her apeuti ¢ drugs, such as cycl osporine, nethotrexate,:
adrianmycin, cisplatinumor an i munotoxin. Alternatively, the

pol ypepti de conpl exes can be used in @pnjunction with enzynes for the
conversion of pro-drugs at their site of action. Pharnmaceutical
conposi t i ofgitabRHhiyelbictely-scapliblaialifvanty if\tecdsamstodetns puliyseptide cintihex
-agents 15,in conjunction w %h thg sel ect ed anti bodi eﬁ of h@?ﬁ)resent
i nvent i on B SBYPERSIDH MBS | 1eatPORS Bom ¢ IHekensre iy AnfTBametvisPitye

present i nyQpih oliféne! QA afd alaplpi stration of pharmaceuti cal
conpositions of the invention may be any of those commonly known to

those of oOnfiRRbYs $dhidids ihdtude i bhd nitBént btEBdn@Ryrs ahd GlebitdlG r¥flédihbrs,

limtation i munot herapy, the polypeptide conpl exes or antibodi es of

the inveht Fish ®ahossebasel apiRigeEt dpigse. & resyaBiee ienothen adeidiyesy apdieas
W th Standaiihib G0 eRdak) il bl Al iRek GRS, By Bito B8 resont (Mack

appropriate node, 1ncluding pa erally, intravenouSly,

i nt r anus c u(128P\RemirgtordiiBrimageidigpl| Spiences.dethdeditien)-| y, via the pul monary
rout; or also,. appropriately, by direct infusion with a catheter.
The dosageThhgolypestidepemplees gathpatibedies tincdpding frpgueratsethercefy of His prgesnt
sex and copgitd 4 h2qnat AN or AT Ao Ao @lon O
drugs, cougl?géﬁ-omzlg&{%d?%a%?o S aerll}cri%%j.aﬁ}eé?&paroa t érs;.t}o_ be:ﬁgglkgﬁ_q’?lnto
account 1@y othtreagents.nThebaean itiedepkipyrcipmetherapgytie datgs,aquch- anexclspiras, of
this invenij n pe: hi:l i for [ . [.en! i B, a
sui tabl o oS, R 08 \ighiihlhs o'an ShOLANGAE ML ARG b Hhiiephdh
reconst i t utdmgplestee chmbejued ic amjetionpitb eegmes tionihé kolversmpprface-diugsl aby
t hose ski lJch%Prsfte”o aQ el t that |yophilisation and reconstitution can

| ead to varyrng degreés of functiOnal activity |loss and 30 that use

| evel s may ' e G - addid he
pol ypept | AEbEbEesfcet otbtEhedy SRR ol A ol ittt B
used f o5 diregnizatiion witlr the see-tedrotibeliea wp ihe, prasertiibbediiasoraserheighinmtions
descri bed b negat.ed 42 r.ai sed agai nst antigens which are
speci fi cal W%?(egercggéa%tébogll???n%e F%ereléllsl‘éengl?%t es or whose | evel s change
during a gi i sease. For rtai h .as

di agnost i C‘I‘}éff&%u r g%?ﬂgxngﬁ%%%@%g%mﬁ%%g@gf ‘%ﬁ“@"ﬁ@%ﬁ%@%?ﬂ \ Ul ¢, 5%1?'&3 elag%%’? S
i ncl ude, bthpseagosnmnly kriown iethotemf ontinarodkilt inchd at. Foxdhergpy, imtlidimotithoet

| abel s, o |

Nh/ﬁnu%orﬁ immunotherapy, the polypeptide complexes or antibodies qf the invention can be
20 administered to any patient in accordance with standard techniqueé‘.; The administration can
be by any appropriate mode, including parenterally, intraveliiojiély, intramuscularly,
intraperitoneally, transdermally, via the pulmonary route, or also, ;‘ap:)ropﬁa{ely, by direct
infusion with a catﬁeter. The dosage and frequency of admmlstratlorll will depend on the
age, sex and condition of the patient, concurrent administration of @j)ther drugs, counter-

25 indications and other parameters to be taken into account by the c]jpiéian.

The polypeptide complexes and antibodies of this invention can bﬁ; lybphiﬁsed for storage
and reconstituted in a suitable carrier prior to use. Known lyophilié_;aﬁén and reconstitution
techniques can be employed. It will be appreciated by those rLSkjEJled in the art that
lyophilisation and reconstitution can lead to varying degrees of funcﬁdnal 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 ot



5 | abel s and fluorescent |abels. Means for the detection of the

| abels will be famliar to those skilled in the art. The conpositions
cont ai ni ng the pol ypeptide conpl exes and anti bodi es of the present.

i nvention or .a cocktail thereof can be adm nistered for prophylactic
and/ or therapeutic treatnents. 10 A co#®position containing one or
nore pol ypeptide conpl exes or antibodies of the present invention may
be utili sedraisad pgaiph phiigehs whﬂ:hdu& specifipalyt éxpresset tdurigs disersaisidtes or tWhese

alteration, ki | renoval of a select target cell
popul ati on %Hquﬁﬁggﬁ%hfﬁ%ﬁw% e[a os%ﬁest he sel ected repertoires of

pol ypeptid l.ex and ntlbodl escr i u

Bt T hcor por KRR pERedtl s LaBiobfeordREg phgboey il e dg atfea! S6iuie
ot herw se ehbelcinchidt, but esmorlidfedaio} @y adthectollbwingradiaidionlabelgMMR spin

het er oge col lection a

oxper | ot Sibaly e i Rl Bl ribp AReion of e pbell oL B RS2 1 v

| ocus wher eixtidddiWottkelagma Vi m exons were |inked to the human heavy
chain diversity (D) and joining (J) segnents, followed by the Cg, CS,
Qy2, C7|3 Buml lcdiﬁij?) bSLﬂégﬁE grth@g' lﬁ%@@ﬂﬁﬁg%&%ﬁ&@%&ﬁ%ﬁd@&% the pcr;esent R
i mmunogl obu) i n n enes_ cont ai a Gto
splice nut aPVEHon PR fﬁﬁlsgliﬁ‘@éeo o o ot éﬁ@ﬂ?ﬁﬂ@@ﬁ@%@#ﬁ%ﬂ%
of a singl ep&@RMtd. r ansgeni ¢ mouse froma nulti-copy transgene array
by FIl p nedi ated reconbi nati on. However, sequences fromthe transgenic

| ocus W {h A compdstioh coRtainkR oﬁvblaﬁmxe olygémﬂ@eo@h@feg BintibRidsCif ek fabHent *
i nconpl ete CHL rem)val r\’% eaure Constructs To overcone this

probl em a HEHEAR &R 58 i PP lwag ang thereReitiic sefings| 1o Fidsin s tligratiopg

the VH genemadtivhiita, Bllapda kdndvElldTadslect et COU p&ﬂﬁlaﬁbniidzf thah@Al TnARARAL
Ws were randon1y chosen based on their sequencepé} ve. enera cl asses

in the caseth®felefifempopiaires of nalpersids complexesiapd agibpdies: igpia may be
i ntroduced @kq %b&rb&@ﬁlﬂ)@ in 419'0 sé&tﬁél? tﬁgll afepRfet BlteduseIredtividy Fmove
nunbering (Lefranc et al. 99)). genes were conbined into a

BAC vect %W@tﬁﬂm@amﬂé@mhe&ogwa@lemm@ew oni ng usi ng cust om
made |inkers or honol ogous reconbi nation. 43 Two cl ones were

sel ected fr&m®Melhuman genonmic Pac library RPCI-11 ( BACPAC Recource
Center, USA): clone 1065 N8 contai ning human heavy chain D and J
segnents, CR (1 dmprelisanas e@egle)entaﬂaar@g@ﬁen&cfwermsepé@ﬁtfaueﬁm@s # heavy13
(1903) genegainBigdhs Wherde: twb Tidtha VireBxnsGidré ﬁiﬂéﬂ‘to i Hﬁ:ﬁmﬂf‘eﬁ%ﬂ&k&d ditr@fyy

(I'ncyte CGenomics, CA USA) was used as a 5 source of .Cl2 (1902) gene

and the i mWBage diune mwéawts@moweimﬂw%@ Ev2.4073 umgn ppnstaph regicy. |
15; 186( 038 4nnedind tisdaR Gre a&?dri}fﬁg ,ﬂmﬁﬂggmuﬂﬂ SLckh?he%ﬁna%r@fz%a (98 Yesies

wer e subel oned separ at el pFastBac vector (Ilnvitroden)

Sinilarly ceoptaited g Gtod: splie mytatem ShewpreseneeyifsheFresite ehnbleditengegeration 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 t0 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 ef g/, (1999)). The VH genes were combined into a BAC vector
by standard procedures such as direct clbning using custom made linkers or homologous

recombination,



fromthese BACs (I gA IgE). A conplete deletion of CHL exon was
achi eved by 10 honol ogous reconbination (Imamet al. (2001)) using
sequences that flank the Cl11l exon of each constant region. An frt
site could optionally be introduced !'in front of the C.t switch
region to allow the generation of singi3e copy loci from multicopy

|l oci by treatnent with fip reconbinase in vivo by standard neans e.g.
by breedi nd‘WooclpmaWtirﬁ peletted foR werlemnk)genomit Racslipay RRCIV 1| (Wié"sc D

by convent PaRAFEY aepes AL CEn KRAN B latiaf kD A Pl ek e

r econbi nat |(21m(IgM) argl ©6 @ED} dofloned 1) Nbf contajning e Cy3 I(@ﬁis'hgemee(ﬂan nchpue

Furth h b | d {
obt i n t ho o Eosme fthE it ehfondd PG metn? Ul Pt @S B B bl s 40
(pref er alsl ywowbe Q2B dertelumd the\thingasgsbulin hcnvp\chammm Qlle ertay. (0997)

canelid Vi enge y human D and J heavy chain segrrents
and CR, we eg %&Srlﬁﬁw For the nethodol ogy see above. '

|06 | ocus, sl e GRARIEIn 5, 0k St CobiEeRs PRE ?v&?#ﬁ?ﬁgepﬁa%v i

const r uct pthﬂBlz{ceve&@) ([reii6geay. Sﬁfmﬁy\ﬂﬂﬁofgﬂéletﬁeﬂ@ cémi etk Yan be cloned
engi neered human VH segnents to provide sol ubil or canelid VB

genes), folﬁws%@%ﬁAD d 4y cpraplety defetipm °§e (fen Vg 3oy
CHl but W tHambldga@tedhabidafed (IRRR!er £512081) usqﬁgesembésrt@ﬂ TRHEERS C,‘EM?ex@ﬁld .

C73 genes and 3" LCR were cloned into a In order:to generate an
Y

| gG only | #Egashicepstantiegion. Afpesite ﬁ?%@ﬁ?@e@lymﬁtmjuwén Sontod e SHavdRR ng
steps (desgghihed aﬁa@%)geﬁa&om@s&gie éoéay%c?ﬁ&n'nﬁﬂ&%ﬂy B oyfircaRilchs i A5 N
(Buschol z 30 et rd.) and cre_ nedi at reconbi nationiyi el ds bacteria
pr oduci ng aTPFOP{?@aWVWP(WG@ﬂdWB%P erhyrbreeging te test-{lp micedFigmed Ok ce
above. 44 IgMplus igGlocus (CSis optional) In order to obtain the
| gM pl us | gdiecensate YEL eques dhiped 4 sopmenthandof aa8 LOR/prong afseesclonsd dnte oas | y
engi neergd mé@"bﬂeé'b%%rﬁﬁne@r@éﬂi&%nsﬂhééabﬂ i PlaticRel 'H; H&%lo%;)us
genes), followed by human J heavy chain segnents, G's"(wt

and CH4), (efembawten (gg;mlxture of both) or any other cloning technigize:

Further constructs could then be created.

IgM-on{y locus

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

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

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

TIgM plus IgG locus, (Cd'is optional)

In order to obtain the IgM plus IgG consfruct (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 Cﬂl but with CH4 exon),
(optional C8) arid the modified human Cy2 and Cy3 genes and 3™ ﬂCR were cloned into a
BAC. In order to generate an IgG only locus loxP sites were introd:ut;;ed during the standard
cloning steps (described above) and the BAC is grown in 294 Cr? E.coli strain (Buscholz

30 ef al) and cre mediated recombination vields bacteria produciné an IgG only locus. For
further construction details see above,




5 and the nodified human C72 and C73 genes and 3' LCR were cl oned
into a BAC. In order to generate an 1gG only |locus |oxP sites were

I ntroduced during the standard cl oning steps (described above) and
the BAC was grown in 294 Cre E.coli strain (Buscholz et al.) and cre
medi at ed reconbi nati on yi el ded bacteri a4producing an 1gG only | ocus.
Transgenic m ce, breeding and genotyping 10 The final BAC was

i ntroduced Iglf plus Ig bgeni(® ivomiony st andard microinjection of
fertilized eggs or via enbryonic stemcell transfection technol ogy.
Transgeni ¢ Imocidemver ebtaineatbk dgMf pins 36t egustrngt @HigireniMHbene of npopiVEEs feapes

Sout hern bl pt | ysi.s_of, fail Sout her. usi n \ 3
end | ocus p&éﬁ%@ﬁy%ﬁlﬁ%ﬁ&dsﬁ%afne%gesagé Rr?‘ﬂges gb?%é%'ﬁeqr Lfﬁg FI?%V%EPgeneS)’
backgr ound. foﬂewad bgpﬁm@mddldx@evytnha‘mtsagaﬁmwcm?ﬂaﬁm I)aﬁdl 6HY)X (opgonal C3)
primers 1 each.of. the different reqi t oGuUs. - Sequence
el ys: s b ot Bedat i eeet GE ket on BN et e dEAre
31' f:e V\Qe E e td‘g@pﬁﬂﬁe Iailizﬁg(ﬂlsﬂly meamlofdé ﬁmsmtﬁn%Mcﬁlﬁnﬁggﬁdfﬁd%monﬁg skpen
el ete one, Wi, i.nes nd one wit t e.CR.a enes,
Showed t hat deffbed %%f et q%é&w&mm&%%r%ﬁﬁ%ﬁ%&uwg of al) and
reconmbi nat i g8 meBidted kdt8inbinBifon yIERIddHARSE produsink @8 BPbAy idege found in

|  ama and canel HCAbs. 20 I nmunohi stochem stry Spl eens were enbedded

in OCT conpg enlcl 1566, breodive GhY 9&lodlpigect i ons were fixed in acetone
and single or double |abele S previouysly descrjbed (Leenen et al.

1998) . Mhodhfiinal BAftwasdeoduced o trpseeriqnise Bstandgrd miceqiniadtiongf fgriilized

(Stei nman eégggbrvia&%@r?r%nic&&n\ﬁ@lﬂﬁan%ﬂ@didn&ébhﬂ@lo@(bri doma cul ture
supemat ants.  Percuddase coupl ed goat anti-humari 1gG and anti - human

| gM wer e f r pimsplefiBToci WOeQRStkedFoR PitdpRRORA nEmB&ToF cHREDY Satem! tAhtahaskis
goat anti -rat 1g (DAKO dostrup, Denmark) or antji-hanmster Ig |
(Jackson | nﬂﬁ%ﬁg@e@%ﬂm%@ A5i8g peand end doces prphes. Poynders sergdagd s lines

ti-rat |og; AL ' i + B T
AL Usay | Ot EMIDReBRA0RNC0ARRpE SRR PHALBRIPOR Bty oty s
ant i - CD14%/ foy swh(of thndisterenregiorilithe locuseBeayencaepalyds plihe BARCR preducts

location of 4§#BA frof HA CBNA GHtraRsgib itce WHleAthOUHIRIEH I ckod Roh Hofithe Cy2
and the Cy3 'was been deleted (one with (HLL lines) and one Wlthout the Cu and C3 genes,
showed that the transgenic loci are not only capable of VDJ reédxznbinat:ion, but that the

IgG transcripts resemble those found in llama and camel HCAbs.
20

Immunochistochemistry
Spleens were embedded in OCT compound. Frozen Spm 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 supernatanis. Peroxidase coupleél goat anti-human IgG
and anti-human IgM were from Sigma. Second- step reagents were Iiaeroxidase labeled goat
anti —rat Ig (DAKO, Glostrup, Denmark) or anti-hamster Ig (Jaclé:son ImmunoResearch
Laboratories, West Grove, PA) and goat anti-rat Ig alkaline ﬁhqsphatase (Southern
Biotechnology, Birmingam, AL, USA).

30 TFigure 15 shows the immunohistochemical analysis of Sum frozen sections of spleens from
WMT", WT and HLL and HLL-MD transgenic mice in the pMT* background. Sections



Single cell suspensions were prepared fromlynphoid organs in PBS, as
described 5 previously (Slicker et al. 1993). Approximately |x10'
cells were incubated with antibodies in PBS/ 0.5% bovi ne serum-. .
albumin (BSA) in 96 well plates for 30 min at 4C. Cells were washed
twice in PBS/0.5% BSA. For each sanpl e453x10' events vvere scored

usi ng a FACScan anal yzer (Becton D ckinson, Sunnyvale, . FACS data
wer e anal yzegfe atginn@WiIb et 230 (ble) for Breells 2pd @i bo/N4 L @omrné for dendritic

Four - col or &ﬁgm 08 I%Io@e{hgﬁgf%gall%lugﬁ t?@c@ﬁ’ D cki nson FACS

Cal i bur. The wer e tal ne rom BD Phar mi ngen (San

Di ego, CA): anti B220- RA3-6B2, PE conjugated anti
CD19. FACS @Eapé&?%%%%g%en cells, stained with anti-CD19 and

anti - B220 abiegldi sl| aymdsions whre mgpar&dnﬁrplan}ermpbtbidfcirgaménlBBS Crs tiéperibeds t
of the fi

of Lhe 11 9Y6E.hiAslBRE 855 0Bl Ay OlmELR KEANNGL Lol N BBcs

ransg e ang “suppor
scan dat a oin PHSY 9.6% bo&mb beumfalbinén BSAP| ub@&meﬂ platsimmml midBatcial. ICeﬂes}eme

as seen int ect | d or| naI he
Poht 1's o VEORELERS it PBIIG BSE” FOL b EomiohebbavEy Sreldrng & o
Cag Cre tr amg@;ra?candlyzee (Bodtdn Eﬁmnt sthﬁnmﬁ&pCma IFAQES }1@% ﬁff‘al;e_tdilﬁly?édrlg;h@
copy reconi an nzation a 105! ro L-,C I QN ur e
T4yt ansgen RSBk GG SRR, POk S VAo B Ao
co SSI:% sti thpfc%@wl FA@ST@a]( MhEt L’[‘Hi&‘ﬁllhi wits mABSReredbaRed &omaypt PRGN l(saﬂ
an constan r | ONS W onma Were Crea

ol d mce wePEes rﬁﬁ%t B e WWU @%ﬁg@éﬁ% %@awumuﬁw ?ﬁc%caﬂ
(hsp70) . 20gdtd 8f spleeflcel) BtaPbd aithi LTIt IREBOD0 diéﬂd}%d i, BleLdtiom
Lel ystadt NL). was injected respectively s.c. on days 0, 14, 28, 42

and i.p. onpaéalf' gigureBPood was taken on day O, 14 and 45. After tbree
boostsalowtlte f antigen specif.ic aqtlbod S, was de%g in 1
out of 3 HsPrdheilphphihe Saueisagpeseriaion fdily roem laanow ¥iva Ry Bregdiag HiLn

cel | fusipnik i adrlparetraRBenicelide aln'dﬂﬁpﬁ@ﬁ:gpﬁi(ﬁ@%éﬁchaiaoo@ﬂﬂ%%ﬁs Jf ¢
agai nst ¢ herRRRb 5@3%%' craesint P4 ag 7 G s oprereBA orginat He LR
agai nst th C ma
VI'M segnent 1k A58k rib it Qﬁepﬁsénﬁﬂbﬂeféw&%o@omﬁmmm | bkRdih B @ OATRR

| gHD3- 10 segnent | (acc num X13972) and the human 46 [:gHJ4-02 segnent
(acc. num Xg&gsgepic W?%E@@S%@Ofa@ o5R gils of thg siagle popyTReos & has a few
mut ati ons that give rise to the amno acid alterations seen in Figure
9A when conpared to the germline configurati on The RT-PCR anal ysi s
al so showed only one productive IgH transcri in the hybridoma,
suggest i #y Tmmpnigafianang hybridoras produeton {Eigny 4% 5 made. The aHSP70

I g& anti both¥ndgenie @xﬁé@&cﬁﬁmﬁ@ haawy ahaioAlyCmibod) 1Bl &o&‘:ﬂﬁn@rdf tHoQlafna
under denaturing gel (diner) and denat uring gel

condi ti ons YR dppins gﬁ}ﬂ@erpMI@%@ME%GHWWSQBQI(:WA@MWM 64
cells (giftaduk re ddeg@r en) on clay 56 using a Conal Cel | TM HY ki t

(StenmCel | Technol ogi es, UK) according to the manufacturer's
i nstructi ondweek old mice were immunized with efther E.Coli heat shock protein 70 (hsp70). 20 g

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
jmmunized HLL-MD1 mice (Figure 14).

A standard spleen cell fusion with a myeloma cell line was performed to generate a
30 monoclonal anﬁbody resulting in a monoclonal hybridoma cell line. against the hsp70
protein. The anti-HSP 70 HCAb 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



10 Transgenic mce containing a heavy chain only antibody | ocus
consisting of two |lama VIM domains, human D and | regions, a human
lgM and 1g& and 3 constant regions (all wthout a CHL domain,. Figure
12) were imunized with TNFa to obtain HC I gM anti bodi es. “One out of
three m ce showed positive sera in stanbard ELI SA assays. A standard
nyel oma fusion yielded a positive IgM hybridoma (Figure 16). After

gel filtrat Igh448 S@ﬂnﬁéﬁmm%&ﬁi)ndhhwgbmot gohigte eqromayi thedidHe hesha
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(RI") and the supernatant dil uted in P A 96 wel | plate was
coat ed 25 f &lonplvelifMntE i jtemeell TQEJ:a'PIOa%. URd ispriiggstq Yhesmanufactorer’s
Bi ot echnol oghhu@on® 90at anti human | gM (Sigma), washed with PBS,

bl ocked for | h at RT wi th bl ocking solution (1.5% BSA/ 1. 5% powder
M1 k/0 199t WeRkeeRld/ RBSkomAdinpaStasy EXIGEEnlY iaiBSodyilbdhs BRRistik) bfl%wcpnama

series of serum sanpl es and standards (human | g&2 _or human
(Sigma, 2Zwi VRS depains, ke Dand regigered ndmen ieht g@%laado?rcozstaﬁ r%awpsiﬂb

pl ates washqgnuitd TR Wbrhdin, PRgu 12 "Rerd UmpfidizEd QRMOINFy 36 CBREARHC- oM

antibody (1:2000 diluted goat "anti human lIga or goat anti human | gM
coupl ed to Prbodiss fre outvijthige edien showey jposinye serm ity steadesd FEF avas. it

a bl ocking gg@hdatd 4 loxﬁi fiSbn %eﬁl@d ) B&sﬂ%ﬁéﬁﬁ Ezl?ﬁdo (ﬁ'@'@re‘@@)s o Rt g?x

POD substrate (Roc was added. 47 The or ‘the detection o

anti gen $peen ﬁenhawp Lﬁ@ Bndey) ApisTetlieseh qopditipngGach rfalg@nl Wiy of thej colustmowims
in figure 16.3e0byl tﬁeﬁu&ﬂﬁﬁaueﬁ?g’ c%u&m@& aﬁé d%ét@@ﬁy af au.. a}ﬁ? %Ie 20),

anti gen- coat ed pl at'es se a-
conj ugat ed lj@a’@onauqrmu@@r aon ml@dyg cﬂ@lﬂmgh@s@dthatstha PE?ngM isasegretetias a

bot t om panel,, g g%éjlffﬂ;lﬁﬁrvﬂﬁlltﬂé S e o5/ fi:[r?];ﬁﬁ?or Séi%ﬁ?éﬁe&'su%t{aﬁ% nHHdT®

Hi nf |, show ng ent 1nserts co agal n

B. Pert usi s. mlvmﬂwwd?gﬂltlﬁrhahvh@mmdrthtﬂﬁdrdom tb@traeeaahswg fivo the HRNgM)as
i sol at ed ol BERS AL

(Figure %‘; Z?%?r ere ?@%’5?&%‘;‘ usl nzﬁﬂh&bﬁgr asrg%w%@%{my 1{3%& the
syst em ( Bi otxpested mbnrmadrof (Fés 20nc, Houston Texas USA). cDNA was nmade
using oligo dT. DNA fragnents 10 encodi ng VBEDJ] fragrrents wer e
anplified bfem@RaELISd specific priners: vhl back Sfi | priner

(e = kO S B FPRL T ok 1
room temperature (RT) and the supernatant dlluted 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, Zwiindrecht, NL)). All dilutions were done in a blocking
solution. After 1-2h incubation at RT and washing in PBS, POD substrate (Roche) was
added.




400 bp) were Sfi I / Not | digested, gel purified and chilled into
Sfi I / Notl digested phagem d vector pHEN-1. 15 Transformation into
TGl el ectro-conpetent cells yielded in a human sbagle domai n anti body
i brary. "Two rounds of selection were performed using panning on
vacci ne anti gens adsorbed onto pl astic4qi nmunot ubes coated wth
undi | ut ed vaCC|n‘% Restriction analysis and seqben0|ng wer e

01‘

st andar d. FiheREES & for flefpiectionfiqutigen 9Pdctﬁ@l§§1‘l1218 sfhbsfgom thia 4832 phage library
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regi on st arAntilgdydibParibisEMction Amdusgieeninge RT- PCR anal ysis on Peyer's
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P amged TR 8 Sl Roheel e th Serbis G Ty Ry S £ TE0 R Bl
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genui ne cou?%‘t"éflfpép?kku’r st #heQ§8) ginnfombination + with « hlghhsmre pamat Bt -
(see Figur eAATbTG@G@AﬁGU@cG@@r@@AQACM@/m Germby; |Q‘ﬁ'ean£d1ﬂﬁ°l%

receptor can éro he necessary signals for B cell ‘maturation.

| mrunost ai nYH @Lﬁoé bPBW§W03ﬁsI { Mok Jriesstelngeh guitiad and sloped igteStot / hifetl

on cell ling éfgglrphég@ﬁgi%gm;imﬁect ed with the response pl-asnid
cont ai ni n ‘ body (Dekker et al. 2003). The upper panel shows

doxyci cl Ine r@m@é@npmmﬁlu elactiorcompetaptt pals dgieldede iy aumm@y Hiele damaind
nucl ear st ajbsly MradyD G ClotuiisVY gtﬂle% whie! S é&)’tﬁﬁﬁg S MRine

that cells expr ssm rt TAin 10 nucleus are the ones rod&c ng the
A5 upon i ncingigie radm'twg@mom{@ﬁép Yimngmaiuhesrepaied vitomeilyied macelné 8estiidtion

human HCAb E&dé& EAc £80ndkd h the sequence shown. bel ow. The
FI TC conj ugat goat &uant]flgﬁurran f gG was used as a secondary Step. AS

was det ect eﬂT@%lPEﬁ%hﬂ“ﬁJaiﬁ-ﬂtﬂf?Jh% 3ed by Dekker et al 2003. The rTTA
anti body was an 1gG3 with t oW ng sequence: 15 241 AGACTCT 80

R L 3012k cwethacnrstim

CACANGCA I Mﬁ%ﬁ%ﬂ%&%&m&m g2

120p(34 R E]gGs'Amcﬁp mEreEINTRNAaa Peyer’s patches. Figure 17 shows some examples of
ACTOCGTGAA ACAACRERAAGAN 4PRR
ACT CCGT CAA G EEARTEAR AT AR RO AT Gt 4P RRe
AAAT GAACAGHOEaAACE TIhAGEACKOEASGERTIAT] ACHGTZHB TCICHAT GRETUssisc I RaSL
K P ED TAVYXs'iokod/n 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 hnman J segments is similar to that seen in human rearrangements, with the JH4 and

30 JH6 segments being used most often.

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



25 541 0000AGCCCG I'J nQACTACTO000CCAOOOAACCCTGGTCcACCGTCTCCTCAGAGCTCA
180R G A RFDYWBQG T LV TVSS E L 601 AAACCCCACTT 200K T PL The

| g& hinge starts at amno acid 198 ELKTPL. For conparison see the

| g& hinge 30 region in Figure 17. 49 Western bl ot analyses Figure
19 shows Western blots of sera of diffeigent transgeni c nouse |ines
containing the IgMplus 1gG locus (figure 10) after cre treatnment (ie
| gM del et edswitshed B gald efid Yhe Semueenver ¢f puntatit i mutatiyns pby tcofparison @éleach

fracti onated Lnde red n e 19 right
Feduct ng. (1 FaMERH geRT S, kit Soterpisha. BR St i 3 s pepepc
la)a?;(ground g@tsmcﬁﬁeaﬁ@mth : Iﬁl))ﬂha’efot’a,lﬂﬁmuﬁlel{hﬁmvﬁh t ta’tihﬂﬂi ﬁllylﬁl}ﬁnﬂg&ereseﬁmcan
i fference be n the twy n a e human heavy chain
only 1gG isPRY ﬁ?ﬁ@ﬁ“%%@%ﬁﬁrgﬁ% t&'ﬁ 1% gure 19 was detected with
an anti-hgngﬁmagG anti.body by standard procedures. 10 Size

i

fraction YUWEE | gM produced by the IgM plus 1gG |ocus nouse

Thfa fselr um f Figﬂietllsghde‘ﬂaﬂim&ti]ﬁﬁg fisale ogf)hegéﬂ’IQt-l?i)ceMﬁe add@trohﬂgxm@m&y
ge iltrati unaer non r ucl ng C |t,|ons ter mxi
human ser um™&4 155 tspaaseplas chfm% |a9%b°§¥@§1lfsm #@W%&"keumr panel

Mol ecul ar W@t dbxicifnd GndRed bRNEHioR BELAR af B8y SAGTasM hld ARER:
| ane (representing ‘each fractl 0 é fromleft to r| %@t The fractions

(each | ane) stsig #m%%an@@w o). bpwen pepplbhpws thet pellsexprewsingatifyin

condi ti ORg. nucleus are ‘the ones producing the A5 upon induction (upper panel). Staining was done ..

mth one of the human HCADb against 1iTA (green) with the sequence shown below. The
FITC con_]ugated 'goat anti human IgG was used as a secondary step A5 was detected as
prewously descnbed by Dekker et al 2003. The rTTA. antibody was an IgG3 with the
fo]lowmg sequenee

15 241 AGACTCT
8 R L
301 CCTGTGCAGCCTCTGG‘AAGCATC'ITCAGTATCAATGCCATGGGCTGGTACCGCCAGGCTC
IODSCAASGSIFSINAMGWYRQA
361 CAGGGMGCAGCGCGAGTTGGTCGCAGCT ATTACTAGTGGTGGTAGCACAAGGTATGCAG

20]20PG‘K.QRELVAAITSGGSTR-YA
421 ACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACACGGTGTATCTGC
140DSVKGRFTI‘SRDNAKNTVYL
481 AAATGAACAGCCTGAAACCTGAGGACACGGCCGTCTATTACTGTTTGATCTCTATGGTTC
6Q M N S L K P EDTAVYTYCLTISMYV

25 541 GGGGAGECCGTTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGAGCTCA
1R G A R F D Y W G QG T LV 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.



ELI SA anal ysis was performed on a nunmber of hybridomas made from nice
containing the tgMplus 1gG (figure 13) | ocus inmunized with human
TNFa. Results are shown.in figure 21. The top two rows in figure 21
were analysed with an anti-human 1gG the next two rows with an anti
human 1gM The serum-sanples (arrows) d%how that the nouse has 20
generated both 1gG and I BM anti-TNFa anti bodi es. The single arrow
shows a posWestewm ghanalsisesi doma. The wel |'s were coated with
conmmerci al | I :

Beampl o 2 MRG0 SEMCWRUER Bol{Erers el SuieBRo ML 10 BiHMifing o
conbi ni ng tIgM plaaigﬁ tlvas (figorl 0) 2Bemue bredipenti (e Igl\hdstletbbcbml?sIgGl‘ﬂaﬁ) fSerast
A Dody LR oG R R B A A Tb IR S L GRER Lt AR
ef fector fuletrons. r| a egregl on and cons

respecti el &ducmﬁiﬁws, lefopdaeln echditiohd 'Ithla eorﬁlfblsomle ﬁabadkgxdynd/\KOhmb(hmd

second speci fi Ci a a ne hi s :hin S Si Iar
Co the oxi T e frfhantut R G orhBAG velwied oBynR 2pF ving b
cysteins wmah@ﬁ@dﬁeaﬁschhﬁomng@madjmeﬁsl i nking of the cysteins | n the
30 anti body diner and providing extra flexibility via the prolines to
prevent t heTizas@arshonh ibBgle bRivagdaaaid il an @EMnaR [geehtibay Bhstandard
ot herw se nay%ﬁlaave inhibited its function. 50 The starting backbone
ant i body weB°%t"&ht i body rai sed agai nst the Rcoli 11SP70 protein. The
HSP70 an 'g§;n : ] eIt n. cont ai ned a
heavy ch AT ] Fig. 14).

hybr i doms 1 as%flhb%@ﬁﬂ%’?%ﬁﬁ@%@ e @%9?333@?%&@11%8@%5 HSAG

al i SP-anti body S subse %ue tl st andar d .RT- PCR e i nant
BN et hodsPuelEpE R ooy ety @ Hn S SR 4 BARGERT SRS Pt

i ncl uded f rshowhhefifire edel@uIahWe@hmaﬂthé complees pti dieebmmhrdeﬂeésbmﬁﬂ each
evence, " S Gt 3 o o 1 B 100 e B SRR
reconbi nedd 1§ gebelechropheresundadeddidgeomtiticast regi on of C72 (lacking a

an region), but 10 Including the stop codon and the pol yA site
(Figure 22 Eldgaranhigfis jvas peHforneiivA acashbargf hptiidotes nkifsHitth afve ichasiingas

anplified clo usingaiorI rd L and a rever
pri ner. TE%W@RW@Q( H’é)rqg %ﬁ@%@%m&“
provi di ng ax.Hbe Rip motﬁwﬁ &f fighro i ﬁ@repﬁa@@aﬂmﬂi umdﬁt—hmd)g(}aﬂm next two

efficient transl.ation: s art uence or sta
codon (gr ey’é’Wéd@@' @3&\ ealTOWSd) tﬂattga 2 mouse has

GACAAGCTAT GOGASRACARCRERTN ﬁhﬁ@h@ ’fheruﬂigllé arﬁivwhbﬂQanéitﬁre IeM
(underline gd remal ni Eﬂg t he nor stop codon. The anplification
theref or e I'DAHSONS, hersei Fepnarited Fi @gmﬁm aviilag Bmanc SNFo.s e

(underli nedl)mceaﬁe@%ﬂecgta@dﬁdtransl ation start sequence (bold) and the
normal start codon of the 20 aHSP anti body gene (gr eysbade see al so
Figure 22).g lgeverse 3' end prinmer was :

GACAAGCTTTA AGACAGGGAGAGEC providing a Hindi TI cloning site
(under | i nedrheamchpwﬂmi-mant hetibody Rk g‘éﬁ@ﬁe& o %mbﬁmg&meﬁeaw QEhih BnF

f ragnment ureZ |.eft sec ndfromt site to clone
onto a ' ¢ dBiHodies; the,fisst ?—‘i‘f&ﬁo etg? g?"’ PIE?n %mcgh’él the et

onto the eX@Eﬁﬁ&tyoﬂldﬁhaéﬂéo%rifﬁnoﬁBﬁb (vﬁﬁab?e reidel ﬁﬂtcgns&nﬂ&éﬁn 1e{REiBvely),
sequence (Sﬁg below),. Last]y, the fra%{r{)ent was cut with EcoRl "and

Hi ndl | | b Wag combized, wish dhe sespnd agtbade wath the arcandh sresificity V@a AP,
designed hinge. This hinge was similar to the existing 1g(G2 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.



The second cl oned anti body bringing in the second specificity
conprised the VHEI domain of a |lama anti body agai nst the pig

- retrovirus (PERV) gag antigen (Dekker et at, (2003)J Viral., 77 (22):
12132-9, Fig 22 top right). The agag was anplified via standard PCR
30 anplification using the follow ng prS0mers: 51 anplified fragnent
(Figure 22 right second fromtop) with a Xhol site (greysh $R?

clone the 5Thaeriing backbruewntitody inas Ao ertibofly rrifsd egaiest Hisl ool 1 anmtem

- EcoRl site ﬂépg
plasm d (Figure 249 ;Qﬁgé {vgsrm%htlg&lmgms chtﬁﬁgk t;nr agrr{g%tgd (;3‘1)1195@ hﬁ%ﬁ[
EcoRl and mbociydog:ene m:éaedmn(geeeabswrﬁgdldd femgsoclazel antibedyrveps rasedb&em

two anti bod e C |

t he novel ht.\ﬁ%%g‘%%%e nove{rg H?br{fgéh\%a%%ldngﬁcgl}]@? gyd@ 3%89%5 RN ‘%d}ﬁg or
ol i gonucl%otht déSPtdnéibodyoyest hlﬂJlSequGItlyl eiomhduh)r stasdard RT-PCR gerombineait DNA
with 5 and 3, over S specti.vel

for cl oni ng™FHPEIE g% é\'ﬂ S%tﬁ%@xpmlﬁﬁ?ﬁ?g%qﬂj@?ﬁ%&@ﬁd %if
t Ee aHls:ondﬁemmgﬁe(mmg pidiein &ltniarme Ntertoiiths #9800 Egia g the Etafthrmdmef
t‘he sul phi ridges nor ma pre in,t in vas
provented bye ° raueEgs e RERRr dothin Y (e Jedeed 4 o
(underl i nedﬁeeoﬁmdm ahd Deggic0ghdaké wﬂsfahteiegbhldftcpz ckif€a @ngﬁgfbﬁb, but
al l ow the proper functioning Ofwﬂe second anpti bo i‘; domai n_t hat

becomes Hbnieliding thesiapeerion @ theprlyA fits (fasurg #5ppshiefth g cDNé Gofliag for

hinge. The melLrRP7d Sfstdly 9as SRMK = ﬁeu%lea&ﬁn 2 fhivalll H¥RAAE
proline codoni underlined) 15 and its

conpl enent REAEREWECced by

AGCTTCT GAGCGCAAACCACCAGT CGAGCCACCACCGCCACCAC, an ¢r¢' conpl ement
TCGAGT GGT GCHG TR C TR T (3 GCF FFEAAIIEAEHAC &E@ G HRHGENe

fragment (V‘fj}bﬁ@n?% ]ifHoHD@ﬂe Eirgﬂﬂrﬁ‘lgz & Hérlﬁ'ﬁéd t5.11te‘i’ﬁ131t§1't RhsPaioh send
ends 20 corrpatlbevmt Hi ndl italic) sites for

cl oni ng 13 nyseecace (ol apdfhe pormaksigrbeed I g02, hinge and agag)
wer e subsequently ligated into a bI Jescrl t inI uescrlgtl | sk+),
expressi on PIeFSYALY Rrikufr Wep n CAGRAGCELTAKERGE AFGEABACCHprovdiogyy

enhancer seﬂﬂ&r}p&oﬁgﬁer(ﬁldaﬁnecgmem@é AshBop d¥orSt andar d
reconmbi nant DNA technol ogy. Wién this plasmd is expressed (see

bel ow) it reeWfificitidniBereforRDed (€2 FORVHIALT FagnR bRk FIFHREsiR2.

The di abody expression _plasmd was % own and cotransf.ected with the

plasmid paduderined). e effigepidigniistionstortoequense (Bldk sud thsrnopna gtopt epdosof Hip
st andar dzme&mh(,%ﬁg $hallé) & AP jm_ (Figure 23). Positive
yg

cl ones were selecte ronmyci n contai ni'ng nmedi um
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 HindllI site for cloning the 5’end onto the expression plasmid

25 and the 3’ end onfo a novel hinge sequence (see below). Lastly the ﬁagnwt was cut with
EcoRI and Hind[I 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 ef 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



and positively identified as expressing the diabody by performng a
standard a gag ELISA 30 (Deldcer et al., J.Virol. 2003) of the growth
medi um cont ai ni ng secreted di abody by the CHO cells using an ahunman

| gG HRP detection. Positively testing for the a-gag activity nakes it
nost likely that a given clone expressébs the entire di abody, because
the gag 52 specificity is at the back-end (COOH term nus) of the

di abody. A mufifedjieamenEFigsee 320ighHeRasl fivas top) wih p Fdol sitedgreibateptoreione
blots of t S d d r a g
condi ti onsm\ﬁ%rgéag&genr r%rekvgﬁitt% %oﬁjafe)frﬁg?eo&g%gﬂo J'lltd %hd&% ’tte u%dge@%ﬁgg@ed
fromthe plcﬂmmgjﬂmaﬁeml ditorehe efprastiok Pl4sadd Rigwe 22, righe nhdﬂlé)omasﬂy the

eauci g ¢ARPEROC R SR B B et gt %@%ﬁlw‘e’}‘m "he

ELI SA an Wsst n bI ot toget her show.that abo

ooy osond o Sobdy eRtest BRgeR Shmhied i S (BPod, SaRebe b aovelq
CHO cel | s (mﬁge>Tﬁmgémm6dwak rg%herat&e fionit tvhﬁﬁlYgoﬁ@dledﬁﬂﬁdthhﬁ’ilengﬁ?m'nﬁad
gag antigen However, it

mol ecul e catPuhle sHaoeligon ‘?05%1 15$ taﬂ‘gB %h%‘gﬁgg%%l“?hﬁéﬁﬁ

fol | ow up eoRPEANIBNbr VRSN Pufpoed, BUYas debizadd foh@e BaBarad tith Qe \éﬁﬁoﬂ ﬂ:@éed
to the bottoqmof a plastic vvellg\é‘flrst wel | d?qure 24 center)
IO

di abody ( Fi it zeﬂuﬂfﬁ)ans\é}se darhelete ema spaveass. Foupets) of fe snlphglf: bndges
anti gen {mamimafyt grlesedPR| keakinom RG2t mggeCH@sCﬁé\lem%@ rbe_;r f%ﬁlfaé}ﬂé 10f cyeleaRe

1 (second wel | éure 24 center). This was y .extensive

washi ng andeterdrds ypthy zraleneérﬁm@r:ﬂlpﬁa Elaeczfﬁhnear%ﬁd gﬁfﬁa ﬂ@gphtmo thej hjegedto 24
center thi rgiswehd brop mgm%fﬁltﬁ@y&&d%ns&ye&w&mﬁ@%bﬂ& confieced to

di abody nol ecul e coul d bind both antigens at the same tine, 1t should
be capt ur edC@@Htierminge pf Bediet ativedyidr the bipegpi ndi ng the first antigen

(gag) and then capture the second antigen (HSP70). ‘Wen the entire
conpl ex wasligus 5%%@%31@41196 @ﬂmne@(%@m @q%em/w lgrewharlwr@nenod@éhwprhned)

ri ght weld ) ghatBckha il ') bl were
Western bl ot - (Figure 2 ect t % secreted

di abody thée@@clbbnéﬁw(é'f% WCMGMAWC@%@¢MS

and in nedigq(SI GVA hybridoma nedi uggsenun-free) used for t
col | ection of anti bodi es from hybri ?Srrat Met hods: Wl | s of g%lemem

| muno pl at ECEARHEGT G CHETE W%@mﬁiﬁﬁﬁﬂ"ﬁﬂcﬁwﬁmﬁﬁﬁantmyag also

FZ)E)OELOGAZ gS,(Al ZLF{&%%&%/M%ZW@ one- ne%i’ %E&A At ‘éWWﬁngﬁ“%‘ﬁs
(or cont?bl @PPM@M%H@HI éhgld) end Bhof (italig) Slﬁe@fomlba’np pupesas.e (RD.

Bacterial Bl121 c'ell |ysate (containing HSP70 protein) '"A diluted in
PBS- M | k- BSFhevihese ifragmpris ¢dHYRIP 18Ghrkinget andTo.gag wers stwbsgqueBtiy) fidated Gt ns

vere el ut echyistil kAR SRR SrPMEEE b1GRRt Al L Atin? a YL LARLRE LRANRL
and a CMV enhancer sequeﬁce (Figure 22, expression plasnﬁd_)fby ‘st'andard recombinant
DNA. technology. When this plasmid is expressed (see belowl)‘?:itiresults 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 hygromj(cin 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 tesﬁ_ng for the a-gag activity
makes it most likely that a given clone expresses the entire ﬁiébody, because the gag



The sanpl es were anal ysed by Western blot and therefore run on a 10%
SDS- PAGE and 30 blotted on nitrocellul ose nenbrane. The bl ot was

bl ocked for tOCo hrs with PBS-M | k-BSA and i ncubated with primary

anti bodi es. The products were visualind by standard net hods 53 using
secondary anti bodi es coupl ed to enzyne§Z2that all ow visual staining.
The reagent used were: a . Rabbit pol ycl onal ngl 2000) 2 bra RT

a Di abody :sp&ifgityds huﬂtahadkg@dﬁmoﬁltemﬁmw oPthiidiabply. 3 spbegrerd ELISA for

Cont o RaptE O HE ptfite; Pty Mol BF el SERUEIMAN LR et
2 hrs RT ag‘aalumstg aﬂdereﬂiﬁiﬁig) cmdrtmk Gwed perfoimed iis Loader 2o dlbw thatothei protein
 phosphat ase Py SRR uis BRE oF MAETED i [ Pl ot e 29

" hor ser adiss tbop@m@d n@laﬁen&ﬁm(ef-lﬁpssma@om s&mméhhd Vﬁﬁéingwg:nﬂmiaﬁanﬂewestelﬁne
of "t he conrONenmEe 3 Ziing Pt A > WeHers bgbogs Eer et e
di abodi es (cﬁmuy R eiﬁc):ssed azﬁ sedras&mmwﬁecﬂuﬁtwdmmeaaphie@aﬁﬁf&&d(am beIn
fromnon transfe-cted | s) .and has_ therefore only 191 (lane 2)

| acki ng gad@at/Ongmbied E}Hf %ﬁ?fS’PdX pag bjsh the KPR ﬂééééﬂﬁmﬂ?qs KHpveyeRit ﬁ‘)es
and shoul d fJpsHoRf MRkt 18ME dintk BRb&Yy idIQuRIALBAY Both wg%n.s?& the sﬁﬁgﬁ;ﬁg gag

and di abody and shoul d have none of the products (lane 4); |acking

HSP70 aryoi gfHerefsrR BAGALuR¥xpBiikdenRAs GRIAN o HirSiRe!bah Anh ne&egrﬁea @d’ﬁe
only the diabody anda‘%P |'ane 5 | acki ng HSP70 and d| abod

shoul d haveogamyof @yst we lﬁ%@rw &t centery The) diabody Gigure é?i’éﬁ’fﬂé
(the di abo%b&hﬁbiﬂ?%ﬂuﬁﬂtﬁﬂ%{éshrs%%ﬁgeﬁnég){%)pﬁﬁ‘éeébbhéaﬁo@ Qfthe oM | cepf

| ane 1 that received all hree conmponentsS (see also 1| ﬂend bott om of

Fi gure 24) sspangant phelopnd Geepwl welliFigyedd pnteals Thist Wasaiellowadnly extensive
sane tine. (RRRkahd Ak AlplibiiRReE ik sCeoh®MiREn BKE Y0, %Fg%fé i4' ééntleigﬁﬂ:d well),

15 again followed by extensive washing. If a diabody molecule could bmd both antigens at
the same time, it should be captured to the bottom of the well by bmdmg the. first antigen
(gag) and then capture the second antigen (HSP70). Whe_n ﬂle entire’ complex was
subsequently eluted form the well (Figure 24 center, right WG%IZI) Both the: diabody and the

antigens were visible on a 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-l 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-Mﬂk—BSA (or controls)
were incubated for 3-hrs at room temperature (RT). Bacterial 13121 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 Westemn blot and therefore run on a 10% SDS-PAGE and
30 blotted on nitrocellulose membrane, The blot was blocked for tivo hrs with 5PBS-Mi1k-BSA
and incubated with primary antibodies. The products were visualized by standard methods



The generation of bispecific IgAis essentially as described for 1gG
(above), but using in addition to the Vhsol, D and J, the constant
region Ca |leading to the generation of IgA 25 (Figure 25). The
generation of IgMis largely simlar, but offers an additional ,
possi bility because I1gM nol ecul es can $ormlarge nultiners (with or

W thout J chains). Thus in addition to nolecules simlar to those
descri bed atiog secomaguy paiibpdies copiplediiotanarmes ghat allow| Viswhsieiniss Bfe repgent
mul timeri sgidaQRsequences), one can also generate nultiners sinply by
CO- expressing 30" 1 gMs with different specificities (Figure 26 |eft

botton). E%@RMiﬁgﬁﬁidﬁaﬁéﬁg(ﬁ%ﬂﬂvem or encodi ng a pol ypepti de

conpl ex conpri’sing: eavy C udi ng a bi ndi ng domai n whi ch

binds to P§§ﬁ\a {r?ﬁogfc?htﬁﬁa%qkﬁ-‘r%%ﬂ@@rg?@%%sR’?n assenbly domain

consi sting the leucline zippe Jun and anti body hi nge, Cl112

and 3 dogaisesy  Asloddadl ba6lii0 SRR (1 ARhgRRO 2 compl erent ary

assenbl y donmaln consisting of t uci’'ne zi pper notif of Fos is

constructe i . i gl b€ I. i i _
Sanbr ook etge%’ HW%@%&E&?F% % o%i%niﬁgﬁza%gﬁgﬁggy?b&%%%ﬂ&gl d
Spring Har BRP (L2bed)Athoy BT prainstthe HERE mamckssli on vector is then
transferred to a suitable host cell by conventional techniques 10 to

produce a ) Toanshiigst thel protin bawls Iﬁr?tdiBHBCiﬂwmf@ preseating fvithpdkaline
LT i
Ut ng. any. SadsptRe BEbER teohd BAR bR (183 £fding yin bISIAEU Jofdiidhse

pr oduce 10 h€IRB) weemptd. de conpl ex of the invention. Once produced, the
pol ypepti de conpl exes are purified by standard procedures of the art,
i ncl udi ng Adiozashing etepsfwdre deneivath, PBS% Twestdlohat e preci pitation and

affinity colum 15 chromatography (e.g., protein A). The soluble

ef fect or dé&ienirels sveresiamied oyt bif legvigg ovefi dne @b the| compbrents of Bldiye itisdinhdrom

fused to t : Y i J : N 0
those ski | LEP Lot FEEbRlg SR (HRRE R, 15, DhETAMEbTy. SRRMo) |
heavy chai fmediumn fiemywhypesftciedd @ calls) aad haf therbforqumiysaag (la®2); lagidng gagrat
conpri si;ag; u £l bi nding.. i j i _

(A phaFe1 og%eg‘?%‘?n &Jatﬁ%wgﬁ(raegf ggeg%f?}m %&l?ngt%lﬁ) \‘(@A(ynésill%‘sﬂtaiﬁég;&? {?}a!egg%r!xenoef the

zi pper not ipfodoéts Jans,3) Aackimggaiglaod jiabodyged stoMR] lmmel n@iedf terprodysts (lane 4);

ggz;f, Lgﬁt S?acglﬁh q@smlagﬁgelna(repﬂc% %9 Xnilkegn 'g!en Uk sﬁcsnﬂg %I%e(r:erfci)rg eh%vciz gnly 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 botfom, 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).



A second expression vector encoding the |light chain of the

pol ypepti de conplex of the 25 present invention is also constructed.
This conprises a conplenentary assenbly domain consisting of the

| euci ne zi pper notif of Fos. The expression vectors are then
transferred to a suitable host cell byS5donventional techniques to
produce a co-transfected host cell for optimzed expression of the
vector. TheEzammlesY ect ed or transforned host cell is then cul tured
usi ng any suitable technique known to 30 these skilled in the art to

produce t heApetpygssipt vebéor coendinga polypértide compben ¢omprisings hemyechaip irediided ,
t he pol ypepti.de c |. r.e, .pucikied st.andard.procedures, of the
et Ty el ach ek QR Ra PRGI Toroiis BN o R0 & ey Romts
and af fi ni tyonsigtingriie leivhermpresmatifof Jueagl antibrdythings, GN2 and CHNéonSaistidnide
ef fector donpi.n consisting of 3,31-diind net hane i s then,
Fused +o 3 HOTE ClttbRETHEnE Bl ol T A D8 bt Jevetne o
to Ehose sk%lbtﬁfeﬂybmisltdmsua?;ed uﬁﬁgliﬂa}e&ﬂ& BI61oM @ﬂﬁidﬁbﬁasﬂda@dﬁb@éﬁf&&ﬁ &k
vect or encodi ol ypeptide, conpl ex conpri sing; eavy chaip

(el udi ng. sctss Ga4keb Miari Cetingnr BiLaberson Wael, okbssrie st vy
antigen), ap}e@,};_senbl y domain 10 consi sting VCAM and anti body hi nge,
Cl-12 and CH3 donmains; and a light chain including a conplenentary

assenbl y dong dipessichl vebioP R thn tdhéferfeditt § 8kt Hokiel) b céd¥éhtldnhlYechniques
construct ed using nol ecul ar bi gl ogy techni ques as descri bed

In
Sanbr ookl &t o produdsptransispied Besheell farertimized exprasyionohhs vegtore fha tngfected or

sui tabl e hoginseghdd K%t &ANY BRA AR sBig MY IMBBle R AdRmAo these skilled
transfected host cell for optimzed expression of the vector. The

t r ansf ect edingie ario progpesrtbs palpentdecomplek of the inyemtiogy| t ur ed usi ng any
sui tabl e technique known to these skilled in the art to produce the
pol ypept i dePusmpdugedstheimbyperiide semplpxes are purified by standard procedures of the art,

including cross-flow filtration, ammonium sulphate precipitation and affinity column
15 chromatography (e.g., protein A). -

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
aﬁtibody 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

congsisting 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.



Once produced, the polypeptide conplexes are purified by standard

~ procedures of the art, ‘including cross-flow filtration, ammonium

sul phate precipitation and affinity colum chromatography (e.g.,
protein A). 20 Exanple 6 An expression vector encoding a polypeptide
conpl ex conprising: a heavy chain incl3di ng a bindi ng domai n whi ch
binds to PSCA (prostate stemcell antigen), an assenbly domain

consi st i ngOnkeprvéuged, tie polypeptiderromplexesfargipifiagh 8y ataedapbptpcadineg ef theegt,

and C113 doummiss: C i chah il ' e : ?HEF

assenbl y dorrald{r}llﬁc%ﬁsgglgﬁ %]igtﬁ g%n’t @%ﬁﬁ%ﬁ%ﬁ??%@ﬁ@g&}mﬁﬁ? 0 tchgéunénnd
a sol ubl e efirtbmetbgmphydevags proircdii ng puri ne nucl eosi de phosphoryl ase
(PNP) is constructed using nol ecul ar biology techni ques as descri bed

i n Sanbr ooHhesoldle sffectordgmais einsistingand B3 diinslolyhasthane M3 f)ds thenl fitsed ta the
sui t abl e. host .cel | conyv i.onal chni qu 0, pr.ogduce.
transf ec? e&oﬂ}%}??en cmé’P %ss r%?y ggé?%u%%e%ge@b@ug%%g“ﬁtt%?g eﬁ%ﬁ%‘gﬁe{ﬁ A The

t ransf ect eg or l%Eansformed host cell is then cultured using any

suitable t e known to these skilled 30 in the art to produce

t he pol ype é@ﬁp PPA6X of the invention. 56 Once produced, the
pol ypeptidg’td afexe’%eﬁare purified by standard procedures of the art,

I ncl udi ng Graoss- ] | O ni_um ate precipitation.and
affinity c%ﬁ%ﬁ%regg{?rg\g%‘%érgéé aplgyaq%oflsﬁ 81? , eﬁé{%]f%% %i g aﬁﬁﬁvﬁcélf?\?é?@%dm%
f | udar abi ne bimirfghiembinxvidchnabdsio IPSCA (Brobthte Gteonckd rintigen)ifah alsekablyl dontaine
cells that 5 ¢ ' t he BN, .enz and,i.n,additigon.difftises to
i 11 suld o SR VR dod FaPoey R SRS HA G RRst Ao Natht et i
7 An expr eastonipleneatayr asanabisli dugnan fooisisting @ VWL AHafiBedto thid A toxin is
pol ypeptide c | ex. of th .esent invention conprisjng, a soluble
OTER bF nd RGP gLt et FIOEY o RUBRES S PE R SREBPOG A opr ot ei n
antigen gpl20 and.an assenbly dommin consistin e | euci ne zi.pper
ot 1 or O A AR YRR e SR G e PoheltoR com e B R R
using nol ecupraducha alisfytet Aot elfse sptnsizaaxpicssivncf tie veaob Tholkanefectad or
15 transformed bost 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 procedu.rgs of the art,
including cross-flow filtration, ammonium sulphate precipitation ‘and affinity colunm
chromatography (e.g., protein A).

20 Example6
An expression vector encoding a polypeptide complex comprising: a heavy chain including
a binding domain which binds to PSCA (prostate stem cell antigen), an assemblly 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 etal.

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 technigue known to these skilled
30 inthe art to produce the polypeptide complex of the invention.



A second expression vector encoding a second heavy chain of the

pol ypepti de conplex of the present invention is also conshucted
conprising: a soluble VHEL binding domain which 15 binds to GP-41, an
assenbly domai n consisting of the | eucine zipper notif of Jun and
anti body hinge, CH2 and CH3 dommins. Asg¢ hird expression vector
encoding the light chain of the pol ypeptide conplex of the present

i nve% : ondimm_abmu&ﬁm & pd@p@?de gdmlfey@gm@hﬁml@ standad ?ﬁ&?dtﬂés)bftheoart_i_h
assenbly damai ) consi st of the |eucine zipper. noti Qs. e
ot 055 on TSt oS Ao HREHP ASmoR R, ey Beripliicn HOtas pgyn
convent i onahronRE3tipEreS. ioteih@duce a co-transfected host cell for

optim zed expression of the vector. The transfected or transforned

host cel | ipoVH dyavers Whillaraiige SheBxRMYetbelik 2Fuerdh@mitiviiich INOMB cdIR that
these skilled in the art to praoduce the pol npl ex of the

peptide co
i nv, ent i 8n.comprisecthe BB gnaaes andrie ﬁl%ﬁéﬁl&iﬁﬁé’ leﬁw@wé@g Jpiafegigd cellse
by standar dodal Berdi: efe®f the art, 25 including cross-flow
filtration, anmionium sul phate precipitation and affinity colum
chromat ogr gigiyne®- 9., protein A). The soluble effector donain
consi sting "EF_'E!TV-l MN V3 (PND) peptide i munogen is then fused to
the conpl emenbanstsias Y88 dhcH@RRIafirkiSheady LRADBE ACSolITRpME dothpleddOsterhe
skilled in the'art. 57 An expressjion vector encoding a first heav
chai n of t HEcspligysafien ermnsising: asolyble {8 pindingrdomain, which dinds doyBii8iThg:
a sol ublig Vadidd 6?5,296}9&&1’51%%81 126 ml sernﬂaﬂﬁl Forphi 'Joﬁsgétﬂg lﬁé leucine
gl ycoprotein:anti gén constructed usi ng nol ecul"ar biology téchniques

as descri beippphmghrof fuk awt antibody hinge)CHA prt GCHar doBrainsi in gonsticted using
Labor at orynmwbioﬁg% pﬁﬁcﬁféﬁ%ﬁ&sﬁ%‘étﬁﬁ%a}nﬁ&kéﬁﬁry Press). A second

expression vector e Ing a seco eavy chain of the pol ypeptide

conpl ex of -] L OB el na
ol bl & VHAL B e R Ol B o AP RO e 6 i p GRS ogier B¢
chai ns ar e tharpsauitieventienis also pongtructadecomprising asolulle VEREbifiding ddwein which

heavy 1Qschg B 1S Scd ' e, ' '
expr essiton T vo, CR0; o EeiSB) ciln noGhl: of 714800y e O o TAE

const i t ut i wotihedp kinee £EBxand CH3deadaimsby conventional techni ques to
produce a co-transfected host cell for optim zed expression of the

vector. The thinaprwesiend ventort gngeding thedighh okrin obthe podypepiide conplenraithe

usi ng any : &Fs‘ﬁ{] . | .
produce t hi’w;gotﬁ%vgn%qﬁﬁg%g#p ex&%w % ‘{oﬁiga%ﬁ\%?ﬁnk %ﬁl.eh%%%&f)@ %%@g )

t he pol ypegonsiting lenaine zipwer pwiif dfifesl by st andard procedures of the
art, including cross-flow filtration, amoni um sul phate precipitation
and af f 2Ri {hhe cbugepipnc Mectra taesy thep hiyangferrel fo pr pitable bapt cell Pheonwintitrab
effector d i : b Sl - L ' is
20 then £ udagiss Abdice Ao Bundotrhol Gl il el st S BOWAGE

| mown t o t (ransfectadior frasformed hest ggil is then cultured using any suitable technique known to

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

Once produced, the polypeptide complexes are purified by standard procedures of the art,
25 including cross-flow filtration, ammonium sulphate precipitatioﬁ 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§




Al'l publications nentioned in the above specification are herein

i ncorporated by reference. Various nodifications and variations of
t he descri bed nethods and system of the present- invention wll be
apparent to those skilled in the art wi thout departing fromtite
scope and 25 spirit of the present inv&htion. Al though the present
i nventi on has been described in connection with specific preferred
enbodi ment sAn itpreskion [vectreengndiag sit firstohdaia cheih of ithey pryieptideaeomilexi ofbidie
shoul d not be undul imted t uch L fi i 681 :
vari ous modirrdarialet bibfihe; 8 PR ST St SRALLERR thias 0B
i nventi on whgich ofr glyaipwitein santigert hosaustéd luking molebilarc hiviviggt teghniques as

nmol ecul ar bj ol ogy. apd-bi gt ec l.ogy,,or related fiel are 1nt ed
o be w t i ehel EESEERARE frd (srnonipkgte GbRgs - S RoRieripat e
bi ndi ng pol spapHaMer CHoRkRxPesd)si sting of a dimer of a first heavy
chain and a second heavy chai n wherein: each heavy chain

CO(rjrpri Sﬁsd_tAN@ecMrd @pftﬁéidétgva@mdaaingh@mdd bealvyacmm‘ o ﬁsg&l‘ypbmé&bmls 'pfl:eixlof
and eac i rerisation do n conprises at | east ng. .C

ant i body c P EHIHE ohp swgﬁvdaogggmw aism%ﬁéﬁiﬁm %%yﬁfcﬂ
chai n gene.pinddto @plaindi ng pol ypepti de conplex of claim1, wherein
each di nerisation domain conprises Cl14 chain anti body constant

domai ns fr orReai HehWSehalls akd BRHARELAiN (Rat RBR ¥dhsEiBteRiofS i@ the Bwo Reavy

bi ndi ng ﬁflthp.epti de conplex of claim1 wherein the VH binding domal ns
present Rias egmnsise idertienkit, (6, CHa and ¢H4 demainssecond heavy chain are
identical, and the VH binding domai ns present at the carboxyl termni
of the firsthegipressaoisatorass (o Hansfsred pdostash tyhic constitutivalylspigssaya J
pol ypept i dehgang) Sasllva{ﬁoﬁéi%mniqéﬂé\éagor ngﬂioﬂuéehﬁcléﬂﬁ'a&f&%%sﬂ%tﬁfd?soM&

derived from natural VH bindin ns including canelid VEI

bi ndi ng dorfPigssionsf thepigetps. Ebe tansisripdioniepneformsdhesticelbinthaneuliaed esinesne
5. The bi ndifgh )| fs ' odiEsEl

dormai ns of t g}éc}%&rrer ggdt]?ignnﬁ’ orréugﬁgéaaurlgﬂea telrmeo or %ggﬁ%ﬁ?i&@e?‘g’gd
6. The biSndbnigvpdibypepti de conpl ex of claim 1, wherein the Vi domains
are human Vu domains. 7. An isol ated pol ynucl eoti de encodi ng both

heavy chai ridncerasugsd) the eplypeptidnpomenlengs esopptifisd kyctadadmyocednresrnf thsrvat, of
claims 1 t%ﬁuding 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 technigues lipom 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.ihe present

invention will be apparent fo those skilled in the art without departmg 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 embodimicnts. 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.



8. A cloning or expression vector containing the isolated
pol ynucl eoti de of claim 7 encoding thﬁgfirst and second heavy chai ns.
59 9. A host cell transfornmed with an expression vector of claim8.
10. A method for the production of a binding polypeptide conpl ex of
any one lainms 1 to 6, conprising culturing the host cell of claim
9 and i t he pol ypeptide conplex. 11. A conposition
conprising the binding pol ypeptide conplex of any one of clains 1-6
and a pharnacol ogically appropriate carrier, for the treatment of
wound hegl i ngg bﬁt%irig ;Rﬂﬁieb{i@é 8drhpiex dbRALiAE LS RHED0PE MEORPS Thain and a
mel anoma, |ung, colorectal, osteosarcoma, rectal, ovarian, sarconsg,
cervrcawe9o@§@§ha@é@hﬂwbﬂeast pancreas, bl adder, head and neck and
ot gerHO;g'k: d }ytippita sl QB Bl St WYeuilingT S8k s AYEN B o Sikedl Ay
Ieukopenkmwhhronbocytopenia angi ogenesi sdi sor der, Kaposi ssar cons;

aut oi mmune/ i nfl a t or rders, such
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cardi ovascul ar and vascul ar disorders, such as hypert ensi on, oedenm,

angi na, atherosclerosis, thronbosis, sepsis, shock, reperfusion
injury, sand 'As%f}ﬁ‘m po@swtotoaangﬁt Sesifens whh %§c11°‘3{iﬁérf%hudheﬂ¥ﬂh‘iﬁ
system di sease, el mer's ase, brain injury, anyotr IC

| at er al 0901})65@55‘3:54 Clntnualttehoply colienyanit dpmemts dtondamyorldesr of; Ilm*ertxwgmbilkﬁl heavy
disordehﬁ g@gh as di abetes nellitus, osteoporosis, and obesity, AIDS
and rena i"sease; infections such as viral infection, bacterial

i nfection, fungal infection and parasitic i nfection, pathoIogicaI
condi ti gns asspci.ated w the nta and ot I ca

Condi 1 ons; - aniniBk PolyBe e el RERDY HherEd: (g e ap igs g present a
pol ypeptihelamemeheni of tRfirsPa8d QEcdhll HedPy dhdin aieordehmr i dhdt € Vi binding
treatment of wound healing; cell proliferative di sorders, such as
neopl as AT RFSHH 2t th ﬁgrbmaé fesman o4 phe fsdradseprdbingyy pladnsare ideitigel. an,
sarcoma, cervical, oesophageal, breast, pancreas, bl adder, head and

neck and other solid t unours; nyeloproliferative disorders such as

| eukeni & nowd bmdgkiml)ipyptrﬂmphxeuﬂ@pmi avhetelry ditrb‘ocytndpigrdomams maybe
angi oge 0 a utor Lin

di sor derbgmezdugijﬁﬁjaégtg{all Vi %%%n?% fjgl%amg mc'"@o‘%vecfimaié]ev {’ §]ﬁgh$?r{lfrgs or
psor i asinsodafied V}ebipdmgtiomyms fraotanywéitemmti on, asthma, i munodi sor der s
and organ transplant rejection; cardiovascular and vascul ar

di sorders, such as hypertension, oedenma, angi na, atherosclerosis,
thronbosis, gRpDilingSPagheptiieRempML I0@R1aiM] U Wherdk thd SHBRM @omains of the
neurological di sorders such as central nervous system di sease,

Al zhei nefimerisgtiaedpipaingre plterechprnagtially epitadophi ¢ | ateral sclerosis, and
pai n; devel opnmental disorders; netabolic disorders such as diabetes
mel litus, osteoporosis, and obesity, Al DS and renal disease;

i nfecti dns sbh bindingi poditpepbile domipdet dfatgimbla sthereirathe iVif dosbdimgre humeralVu
|nfect|oB|apg parasitic infection, pathol ogical conditions associated
with the Tiacenta and ot her pathological conditions; and for use in
|nnonotherapy 13. The bi ndi ng pol ypepti de conpl ex of any one of

clains 1-6, for n di agn und alin Iiferative
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nyeloproiiferative di sorders, such as |eukem a, non-Hodgkin Iynphona
| eukopery a, . LAERARGCH! OREALE R0AL AURBRRISHY i SALEL bol, KARARIAE (FERTS:
aut oi nmune/in tory di sorders, suc &s ergy,

bowel dieseaEIchaftShanctsesqndoeovydams and respi ratory tract
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9. A host cell transformed with an expression vector of claim 8.

10. A method for the production of a binding polypeptide complex of any one of claims |

to 6, comprising culturing the host cell of claim 9 and isolating the polypeptide complex.

11. A composition comprising the binding polypeptide complex of any one of claims 1-6
and a pharmacologically appropriate carrier, for the treatment of wound healing; cell
proliferative disorders, such as neoplasm, melanoma, lung, colorectal, osteosarcoma, rectal,
ovarian, sarcoma, cervical, oesophageal, breast, pancreas, bladder, head and neck and other
solid tumours; myeloproliferative disorders, such as leukemia, non-Hodgkin lymphoma,
leukopenia, thrombocytopenia, angiogenesis disorder, Kaposis' sarcoma;
autoimmune/inflammatory disorders, such as allergy, inflammatory bowel disease, arthritis,
psoriasis and respiratory tract inflammation, asthma, immunodisorders and organ transplant
rejection; cardiovascular and vascular disorders, such as hypertension, oedema, angina,
atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, and ischemia; neurological
disorders such as central nervous system disease, Alzheimer's disease, brain injury,
amyotrophic lateral sclerosis, and pain; developmental disorders; metabolic disorders such as
diabetes mellitus, osteoporosis, and obesity, AIDS and renal disease; infections such as viral
infection, bacterial infection, fungal infection and parasitic infection, pathological conditions

associated with the placenta and other pathological conditions; and for use in immonotherapy.

12.  The binding polypeptide complex of any one of claims 1-6, for use in the treatment of
wound healing; cell proliferative disorders, such as neoplasm, melanoma, lung, colorectal,
osteosarcoma, rectal, ovarian, sarcoma, cervical, oesophageal, breast, pancreas, bladder, head
and neck and other solid tumours; myeloproliferative disorders, such as leukemia, non-
Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis disorder, Kaposis' sarcoma;
autoimmune/inflammatory disorders, such as allergy, inflammatory bowel disease, arthritis,
psoriasis and respiratory tract inflammation, asthma, immunodisorders and organ transplant
rejection; cardiovascular and vascular disorders, such as hypertension, cedema, angina,
atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, and ischemia; neurological
disorders such as central nervous system disease, Alzheimer's disease, brain injury,
amyotrophic lateral sclerosis, and pain; developmental disorders; metabolic disorders such as

diabetes mellitus, osteoporosis, and obesity, AIDS and renal disease; infections such as viral
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infection, bacterial infection, fungal infection and parasitic infection, pathological conditions

associated with the placenta and other pathological conditions; and for use in immonotherapy.

13.  The binding polypeptide complex of any one of claims 1-6, for use in diagnosing
wound healing; cell proliferative disorders, such as neoplasm, melanoma, lung, colorectal,
osteosarcoma, rectal, ovarian, sarcoma, cervical, oesophageal, breast, pancreas, bladder, head
and neck and other solid tumours; myeloproliferative disorders, such as leukemia, non-
Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis disorder, Kaposis' sarcoma;
autoimmune/inflammatory disorders, such as allergy, inflammatory bowel disease, arthritis,
psoriasis and respiratory tract inflammation, asthma, immunodisorders and organ transplant
rejection; cardiovascular and vascular disorders, such as hypertension, oedema, angina,
atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, and ischemia; neurclogical
disorders such as central nervous system disease, Alzheimer's disease, brain injury,
amyotrophic lateral sclerosis, and pain; developmental disorders; metabolic disorders such as
diabetes meilitus, osteoporosis, and obesity, AIDS and renal disease; infections such as viral
infection, bacterial infection, fungal infection and parasitic infection, pathological conditions

associated with the placenta and other pathological conditions.



