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Domaln Antibody Construet
FIELD OF THE INVENTION

‘Fhe present invention relates to a domain antibody construct useful for human therapy, -
More particularly, the present invention relates to a domain antibody construct which binds
to human TNF-a and its use in the treatment of disorders characterised by TNF-q; activity.

BACKGROUND OF THE INVENTION

Tumor necrosis factor alpha (TNF-a) is a cytokine that has been implicated in mediating
shock and the pathophysiology ol a varicty of human diseases and disorders including
sepsis, infections, antolmmune diseases eg. rheumatoid arthritis, Crobn's disease,
ulcerative colitis and other howel conditions, psoriasis, toxic shack, lransplant fejection
and graft-versus-host disease. TNF-a is produced primatily by activated macrophages and
T lymphoc-jtes, but also by neutrophils, endothelial cells, keratinocytes and fibroblasts

during acule infammatory reactions.

Because of jts role in inflammation, TNI-a has emerged as an important target for
inhibition in cfforts to reduce the symptoms of inflammatory disorders. Various
approaches to inhibition of TNE-o. for the clinical treatment of diseasc have beea pursued,
includivg particularly the use of soluble TNF-a rocoptors and antibodies specific for
TINF-a, '

Domain antibodies

Domuain antibodies (dAb} are the smallest fuactioning hinding unils of antibodics and
correspond (o the variable regions of either the heavy (Va) or light (VL) chains of
antibodics. Domain antibodies have a woleeular welght of approximately 13 kDa, or less

than one tenth the size of a full antibody.

I conirast 1o conventional antibodies, dornain antibodies are weii expressed in hucierinl,
yeast and mammalian syslems, Their small size allows for higher molar quantities per
gram of product, thus providing a significant increase in potency per milligram dose. In
addition, dAbs can be used as building blocks to create therapeutic products such as

maltiple targeting dAb-conlaining moleeules in which two or mare dAbs bind to two or
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more distinet tholecular targets, or dAbs may be incorporated into steuctures designed for

ptlmonary or oral ndministration,

"The present inventors have now devised a novel domain antibody construet comprising an
irormunoglobulin variable domain linked to a constant region including a truncated Cgl
domain, It is postulated that the inclusion of a constunt region will assist in prolonging the

in vivo half-life of the dAb which is typically of a short duration,
New World Primate kmmunoglobulin

Evolutioparily distunt primates, such as New World primates are sufficiently similar to
human 1o have antibodies simnitar to human antibodies so that the host does not generate an
anti-antibody immune response when such primate-derived antibodies are intraduced into
a human, New Wotld primates (infraorder-Platyrrhini} comprise at least 53 species
commondy divided into two families, the Callithricidae and Cebidae. The Callithricidae
consist of marmosets and tamaring. The Cebldae includes the yquirrel monkey, titi
moukey, spider monkey, woolly monkey, capuchin, night or owl monkey and the howler

monkey.

Previous studies have characterised the expressed immunoglobulin heavy chain reperioire
of the Callithrix facchus marmesel (von Budingen 1-C et al., Characterization of the

expressed immunogiobulin IGHV repertoire in the New World marmoset Callithrix

Jacchuys, Immunogenetics; 53:557-363 (2001)). Six IGHV subgroups were identitied

which showed a high depree of sequence similarity to thelr human 1GHV counterparts.
‘The framework regions were more conscrved when compared (o the complementarity ‘
determining regions (CDRs), with the greatest degree of variability located in CDR3, The
degree of similarity between C! jucchus and human IGHV sequences was less than

betweon Old World monkeys and humaos,
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SUMMARY OF THE INVENTION

In a first aspect, the brescnt nventior: provides a domain antibody construct which binds to
human TNF-q, the construct comprising;

{2) a domain antibody (dAb) which binds 1o himan TNF-a

(b) a modified hinge region sequence;

(¢) a human or primate heavy chain constant region scquence having a truncated

Cyl domain of not more than 20 residues, more preferably not mote than 10 residues, sl

more preferably not more than 5 residucs and even more preferably a single residue;
wherein said modified hinge region sequonce contains either a delction or a single
atnino acid substitution of the cysteine residuc which normally facilitates disulfide bond

formation between heavy and light antibody chains.

In a second aspecl the present invention provides a nucleic acid sequence encoding the

domain antibody construct of the first aspect of the inveation,

Iny a third aspect the present invenlion provides an isolated nucleic acid molecule
cc;mprismg a sequence encoding a domain unlibody construer which binds human TNF-g,
wherein the nucleic acid molecule comprises a nuclieic acid sequence at least 60%,
preferably at least 80% wlentical, more preferably at least 90%, 95%, 96%, 7%, 98% or
99% identical to the sequence set forth in SEQ ID No:50 or SEQ 1D No:51 and nrost
preferably, the sequence sct forth in SEQ I No:50 or 8EQ D No:51.

In a fourlh aspeet the present invention provides un iselated nucleic acid molecule

. comprising a sequence encoding & domain antibody construct which binds human TNF-q,

wherein the nucleic acid molecule comprises a nuclcic acid sequence which hybridises
under conditions ol high stringency to the nucleotide sequence set forth in SEQ D No:50
or SEQ ID No: 51,

Fa a fifth aspect, the invention provides a pharmaccutical composition comprising an
effective urnount of the domuin untibody construct according to the first aspect, together

with a pharmaccutically acceptable carrier or diluent,



4
In a sixth aspect, the present invention provides for the use of the domain antibody
construct according lo the first aspect of the invention in a diagnostic application lor

detecting human TNEF-a,

In a seventh aspect, the inveution provides a method for treating a disorder characterised
5 by human TNF-¢ aclivily in 2 human subject, comprising administering to the subject a

phatmaceutical composition according to the second aspect of the invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the amino acid (SEQ ID No:5) and nucieotide sequence (SEQ ID No:6) of
the acceptor dAb.

10 Figure 2 shows the structure of the preferred ceabodiment of the. domain antibody

censtiuct according to the present invention as (A} a monomer and (B) a dimer.

Figure 3 shows the nucleotide and amino acid scquences of eleven {11} marmoset and six

(6) Owl monkey Vx gene segments,

Figure 4 shows the acceptor dAb amino acid (SEQ ID No: 5) and nucleotide sequence (both strands; SEQ ID Nos: 6 and 68). The
15 restriclion digest sites for Kpn ¥ and San DI which excises region including the CDR2 is

indicated in the figure. CDR2 residucs removed are indicated in undedined.

Figure 5 shows the ability of Compound 170 (SEQ ID Nu:l 1) to neutrahise I'NF-q,
mediated cytotoxicity in a murine L929 cell viability assay.

Figure 6 shows that Compound 170 (SEQ ID Nu:11) prevents the interaction of I'NF-g
20 with the human p33 or p73 TNF reeeplots.

Figure 7 shows Compound 170 (SEQ TD No:11) staining of transtembrane TNF-¢-
cxpressing NSO 27D4 ccolls (solid black line) shows higher {Tuorescence intensity than
irrefevant specificity isotype-matched contral (grey fill),

Figure 8 shows Compuound 170 (SEQ T No:t1) produced in a bacterial ex pression system
25 retained binding to TNF-g in an FLISA.
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Figure 9 shows the efficacy of Campound 170 (SEQ ID No:11) in a ‘I'NF-mediated
murine arthritis model relutive to specificity control human 1gGy. At weekly intervaly

mice were scored (arthritic score), A, and weighed, B.

Figure 10 shows the effcct on protein expression of Compoand 112 (SEQ 1D No:59) and
Campound 170 (SEQ ID No:11).

Figure 11 shows non-reducing SDS PAGE analysis of Protein A purified Compound 170
(SEQ 1D No11) from 4 x 10 L fermcentations of the lead ccll line; lane 1 = inter-assay
control; lanc 2 = molecular weipht markers: lane 3 = blank; laue 4 = Protein A purified
Compound 170 (SEQ ID No:11) in 10L fermentation ID (ran 1); lane 5 = Protein A
purified Compound 170 in 10L fermentsation ID (run 2); Iane 6 = Protein A purified
Compound 170 in 10L fermentation T (run 3); lane 7 = Protcin A purified Compound 170

i JOL fermentation D (run 4),

Figure 12 shows reducing SDS PAGE analysis of Protein A purified Compound 170 (SEQ

1D No:11) from 4 x 10 L fermentations of the tead ccll line; lane | = inter-assay control;
lane 2 = molecutar weight markers; lanc 3 = blank; lune 4 = Protein A purified Compound
170 (SEQ ID No:11) in 10L fermentation 1D (run 1); lane 5 = Protein A puriﬁcd'
Compound 170 in 0L fefmentation ID (run 2); lane 6 = Protein A purified Compouad 170
in TOL fermentation 1D (run 3): lane 7 = Protein, A, purified Compound 170 in JOL

fermentation ID (ran 4),
DETAILED DESCRIPTION OF THE INVENTION

The present inventors have generuted a doniain antibody construct which binds to human
"TNF-o and which is postulated to exhibit low immunogenicity when adnmiistcred.to
humans. The domaii antibody construct comprisc& a portion oérrcsponding to a variable
domain ol an immunoglobulin heavy or light chuin (le. a domain antibady (dAb)), a hinge
vegion and a portion corresponding to 4 consrant region of un antibody heavy chain but

wherein the consrant region has a truncated Cpi1 domuin,

The inclusion of the conslant region portion is postalated to increase the in vivo half [ife of
the dAD as well as providing cffector functions wlich are believed to be a componenl of

the anti-inflammatory mechanisim of anti-TNF antibodies,
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In a first aspect, the present invention provides a domain antibody construct which binds to
human TNF-a, the construct comprising:

(2) a doroain antibody (dAb) which binds to humun TNF-«

(b} a modified hinge region sequence;

{¢) a human or primate heavy chain constant region sequence having a truncated
Cn1 domuin ol not more than 20 1esidues, more preferably not more than 10 residucs, still
more preferably not more thun 5 residues and cven more preferably a single vesidue;

wherein said modificd hinge region sequence contains either u deletion or a single
armino acid substitution of the cysteine residue which normally facilitates disulfide bond

formation between heavy and light antibody chains.

In a preferred cmbodiment the sequence of the €y 1 domain and the binge reglon is
XEPKSZDKTHTCPPCPA (SEQ ID No: 64) wherein X is valine, leucine or isoleucine and Z is absent or an

amino acid other than cysteine, It is preferred that X is valine and 7, is scrinc.

In a preferred embodiment of the present invention the dAb comprises an immunoglobulin
hieavy or light chain variable domatn, wherein said varable domain compriscs at least one
complementarity determining region (CDR) having a sequence derived from o New World
primate wherein the CDR is selected from the group consisting of AATKIQS (SEQ ID
No:l), EASSLQS (SEQ I No:2),  'EASKLQS (SEQ 1D Noi3). end  SASNLET (SEQ
D No«)

In another preferred embodiment the CDR {s CDR?2,
In a proferred embodiment the dAb has u sequence selocted from the group consisting of:

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG
VPSRESGSGSGTDFTLY ISSLQPEDFATYYCQQVVWRPFIFGQGTKVELKR
(Conlpound 14’5 SEQ W No:T)

DIQMTQSPSSLSASVGDRVTITCRASQAIDSYLHWYQQKPGKAPKLL]YSASNLE’F
GVPSRFSGSGS{JTDFI‘L’!“TSSLQPEDPATYYCQQVVWRPFI‘FGQGTKVEH{R
(Conipound 123; SEQ 1D No:8)

DIOMTQSPSSLSASYGDRVITICRASQSIDSYLHWYQQKPGKAPKILIYSASNLETG
VPSRESGSGSGTDFTLTISS LLPEDFATYYCQQVYWRPFTEG QGTKVEIKR
{Compound 100; SEQ 1D No:9)
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DIQMTQSPSSLSASVGDR YTITCRASQAIDSYLHWY QQKPGKAPKLLIYSAS NLET
GVPSRFSGSGSGTDFTLTISSLLPEDFATYY CQQVVWRPFTEGQGTKVEIKR
(Compound 196; SEQ 1D No:10)

DIQMTQSPSSL.SAS VGDRYTITCRASQSIDSYL -HWYQQKPGKPPKLLIYSASNLETG
VPSRFSGSGSGTDFT, LTISSLQPEDFATYYCQQVVWRPFI‘FGQGTKVEIKR
(Compound (34; SEQ ID No:52)

DIQMTQSPSSI.SAS VGDRVTITCRASQSTDSYLHWYQQKPGK_APKLLWSASNLETC
VPSRFSGRGSGTDFTL'I‘ISSLQPEDFATVYCQQVVWRPFTFGQGTKVEIKR
(Compound 137; SEQ ID No:53)

DIOMTQSPSSLSASYGDRVTIT CRASQSIDSYLHWYQQKPGRKAPKLLIVSAS NLETG
VPSRFSGSGSATDFTLTISSLYPEDFATY YCQOQV VWRPFTFGQGTKVEIK R
(Compound 121; ; SEQ tD No:54); and

a sequence at leagt Q5%, more proferab] y at least 96%, 97%, 98% or 99% | demtical to one

of these scquences,

In a further preferred embodiment the constant region comprises Cy2 and O3 domains

which together have the following sequence:

PELLGGPSVFLEPPK PKDTLMISRTPEVTCVVVDVSHEDEEY KEN WY VDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP APIEKTISK AKG
QPREPQVYTLPPSRDELTKNQYSLTCLVKGFYBSDIAYEWESNGOPENNYKTTPPY
LDSDGSFFLYSKLTVDKSR WQQGNVFSCS VMHEALHNHYTOK SLSLSPGK:

(SEQ ID NO:63)

or an amine acid sequence which is at least 60%, preferably at keast 809 identical, more
preferably at least 90%, 95%, 96%, 97%, 98% or 99% identical thereto.

In another preferred embodiment the domain antibody construct comprises an amino acid
sequence which is at least 60%, preforably at leust 30% identical, more preferably at [cast

- 1 18It ot s S 7 TI™ Ry
C UL sequence set forth in SEQ D No:i

—

90%, 95%, 96%, 97%, 989 or H0% identical

—

[

and most preferably the sequence set Forth iy SEQ ID No:11,

The term “binds t0" as used horein, is intended to refer to te binding of an aatigen by an

immunoglobulin variable region with a dissoctation constant {Ka) of 1uM or lower ax
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meusured by surface plusmon resonance analysis using, [or exampie a BlAcorc™ surface
plasmon resonance system and BIAcore™ kinetic evaluation software (eg, version 2.1).,
The affinity or dissociation constant (Kg) for a specific binding interaction is brefcrably

about S00 nM or lower, more preferably about 300 nM or lower and preferably at least 300

M to 50 p, 200 nM to 50 pM, and more preferably at least 100 nM to 50 pM, 75.nM to

30 pM, 10 aM to 50 pM.The teria "dAb" as used herein refers to an antibody singlc
variable domain (Vy or Vi) polypeptide that specifically binds antigen.

In a further preferred cmbodiment of the present invention the domain antibody construct
forms & homo- or heterodimer with another domain antibody conslruct according to the
present invention, Dimerisation can increasc the strength of antigen binding, wherein the
strength of binding is related to the sum of the binding affinitles of the multiple binding
sites. To facilitate dimer formation, the hinge region of the domaln antibody construct

comprises at least one, and preferably two, cysteine yesidues.

-In a particulatly preferred embodiment of the present invention, the domatn antibody

construct forms a hornodimer with an identical domain antibody construct.

Accordingly in another aspect the present invention provides a dimecic domain antibody
construct which binds to human TNF-0, wherein the dimer consists of two domain

antibody constructs according to the present invention.

I is preferred that the dimeric domain antibody construct is a homodimer and it is
particularty preferred that the dowiain antibody constructs making up the homodimer
comprise an amino acid sequence which is at least 60%, preferably af least 80% identical,
mare preierably at least 90%, 95%, 96%, 97%, 98% or 99% identical to the sequence set
forth in SEQ ID Na: 11, and most preferably the sequence set forth in SEQ 1D No:11.

In a second aspect the present invention provides a nucieic acid scquence encoding the

dumain antibody consiruct of the [irst aspect of the invention,

[n g third aspect the present invention provides an isolated nucleic acid molecuie
comprising 8 seyuence encoding a domain antibndy construct which binds human TNT-¢,
wherein the nucleic acid molecule comprises a nucleis acid sequence at leust 60%,
preferably at feust 80% identical, more preferably al loast 90%, 85%, 96%, 97%, Y8% ot
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99% identical to the sequence set forth in SEQ TD No:50 or SEQ 10 No:51 and most
preferably, the sequence set forth In SEQ 1D No:50 or SEQ ID No:51.

In a fourth aspect the present invention provides an tsolated nucleic acid molecule
comprising a sequence encoding & domain antibody construct which binds human TNT-q,
wherein the nucleie acid molecule comprises a nucleic acid sequence which hybridises
under conditions of high stringency to the nucleotide sequence set forth in SEQ D No:50
or SEQ ID No:51.

In determining whethier or not two polypeptide sequences full within percentage identity
[imits, those skilled in the art will be aware that it is necessary to conduct a side-by-side
comparison or multiple alignment of sequences. In such comparisons or alignments,
differences will arise in the positioning of non-identical residues, depending upon the
algorithim uscd to perform the alignment. In the present cantext, reference to f 'percentage
identity' or 'é:imiiarity‘ belween two or more amino acid sequences shall be taken (o refer to
the number of identical and similar residues respectively, between said SEQUENCEs ay
determined using any standard afgorithm known to those skilled in the art. For example,
amine acid sequence identities or similuritics may be caleulated using the GAP programme
and/or aligned using the PILTUP programme of the Compuier Genetics Group, Inc,,
University Research Park, Mudison, Wisconsin, United States of America (Deverenux ¢f
al, 1984}, ‘The GAP programme utilizes the algorithn of Needleman and Wunsely (1970)
to maximise the number of identical/similar residues and to minimise the number and
length of sequence gaps in the aligmment. Alteratively or in addition, wherein more than
two antino acid sequencees are being compared, the Clustal W prograinme of Thompson ef
al, (1994) is used.

In determining whether or not two nucleotide sequences fall within these percentage limits,
those skilled in the art will be aware that it is necessary to conduct a side-by-side
comparison or multiple alignimenl of sequences. In such comparisons or aligmuents,
ditferences may arisc in the positioning of non-identical residucs, depending upon the
algoritlan used to perform the alignment. In the present context, refercnce o a percentage
identity between two or nove nucleotide sequences shall be taken to refer (o the number of
identicul residues between said scquences as detennined using any standard algovithm

known to those skilled in the art. For cxample, nucleotide scquences may be aligned and
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their identity calculated vsing the BESTFIT programme or other appropriate programme of
the Computer Genelics Gfoup, Inc., University Rescarch Park, Madison, Wiscoasin,
United States of America (Devereaux er af, Nucl, Acids Res., 12:387-395, 1984).

High stringency preferably involves hybridisation under conditions of 65°C and 0.1xS8C
{1x8SC =0.15 M NaCl, 0.015 M Naj; Clirate pH 7.0},

In one embodiment, the invention is further based on a method for amplification of New
World primate immunoglobulin variahle region gencs, for example by polymerasce chain
reaction (PCRY) {rom nucleic acid extracted from New World primate [ymphocytes using
privaces specific for heavy and light chain variable region gene families. For example,
information regurding the boundaries of the variable demains of heavy and light chain
genes (Yy and Vi, respectively) can be used to design PCR pritncrs that amplify the
variable domain [rom a cloned heavy or light chain coding sequence encoding an antibody
knowi to hind a given antigen. The amplificd varizble region is then inserted either alane
ot'as a [usion with another polypeptide sequence for the human or prﬁnatc constant region
sequcnce of the invention iuto « suitable expression vector fur production of the domain
antibody construct of the invention. Suitable expression vectors will be familiar to those
skilled in the art,

The repertoire of Vi, Vi and constant region domains can be a naturally ocowrring

repertoire of immunoglobulin scquences or & synthctic repertoire, A naturally occiwring
repertolre is one prepared, for example, from mununoglobulin-expressing cells harvested
[rom one or more primates, Such repertoires can be naive ic, prepared from newborn
immunoglobulin cxpressing cells, or rearranged ie. prepared from, for example, adult
primate B cclls. f desired, clones dentified from a natural repertoire, or any repertoire
that bind the target antigen are then sabject to mutagenesis and furthor screening in order

to produce and sefect variants with improved binding characteristics,

Synthetic repertoires of single immunoglobulin variable domains are prepared by

artificially intreducing diversity into a cloned vuriabie doimain.

A repertoire of Vi and Vi domains can be screened for desired binding speceificity and
functional behaviour by, for example phage display, Methods for the construction of

bacteriophage display libraries and lambda phage expression librarics are well known in
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the art. The phage display technique has been described extensively in the art and
exarples of methods and compounds for generating and screcning such libraries and
affinity maturing the products of them can be found in, for example, Barbas e o/, (1991)
PNAS 88:7978-7982; Clarkson ef al. (1991) Nature 352:624-628; Dower ef al, PCT.
91717271, U.S. Pateut No. 5,427,908, 118, Patent No. 5,580,717 and EP 527,839; Fuchs et
al. (1991) Bio/Techrology 9:1370-1372; Garrad et al. (1991) Bio/Technology 9:1373-
1377; Garard et al. PCT WO 92/09690; Gram ¢1 al. (1992) PNAS 89:3576-3580: Griffiths
¢l ul. {1993) EMBO J 12:725-734; Griffiths et al. U.S. Patent No. 5,885,793 and Ep
589,877, Hawkius er al, (1992) I Mo! Biol 226:889-896; Huy et al, (1992) Hum Antibod
Hybridomas 3:871-85. Hoogenboom et al. (1691) Nuc Acid Res 19:4133-4137: Huse ¢t al.
(1989) Science 246:1275-1281; Knappik ¢/ al. (2000) I Mol Biol 296:57-86: Knappik et
al. PCT WO 97/008320; Ladoor ef i, U.S. Patent No. 2,223,409, No. 5,4(53,484, No,
5,571,698, No. 5,837,500 and EP 436,547: MeCalferty e al, (F990) Nature 348:552-554,
MeCallerty et al. PCT. WO 92/01047, U.S. Patent No. 5,969,108 and EP 589,877; Salfeld
et al, FCT WO 97/29131, U.S. Perent Application No. 20058CeA384 4 i Winer ef gl
PCT WO 92/20791 and EP 368,684,

Recombinant libraries cxpressing the repertoire of Vi and V. domains can be expressed on
the swelace of micraorganisms g, yeast or bucteria (see PCT publications WO 99/36569
and 98/49286),

The domain antibody construct of the invention may be produced by recombinant means,
including from eukaryotic expression systems including, for example, yeast, higher plant,
inscet and manmalian cells, as well as (ungi and virally-encoded expression systems, as

described hereln or as known in the it

The domuin antibody constructs of the present invention can bo prepared using an S
antibody encoding nucleic acid to provide transgenic plants and cultured plant cells (e.g.,
bul nat limited to tobacco and maize} that produce such constructs in the plagt parts or in
cells cultured therefrom. As a non-lirmdting cxample, transgenic tobaceo leaves expressing
recombinant proteins have been successfully used to provide large amounts of recombinant
proteins, e.g., using an inducible promoter (see, e.g., Cramet ¢f al., Curr, T'ap. Micrabol,
Immuonol, 240:95-118 1999} angd refercnces cited therein, Also, transgenic maize has been

used to express mammalian proteing at commercial production levels, with biological
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activities equivalent to those produced in other recombinant systems or purified from
naturad sources (sec, e.g., Hood e al., Adv. Exp. Med, Biol. 464:127-147 1999 and
references ciled therein). Antibodics have also been produced in large armounts from
transgenic plant seeds including antibody fragments, such as single chain antibodies
(scFv's), including tobacco sceds and potato tubets (see, e.g., Conrad ef af., Plant Mol.
Biol. 38:101-109 1998 and reference cited therein), Thus, the domain antibody constructs
of the present invention can also be produced using transgenic plants, according to known
methods (see also, e.g., Fischer et al., Biotechnol. Appl. Biochern. 30:99-108 October,
1999: Ma & Hein., Trends Biotechnol, 13:522-7 1995; Ma ¢f ul., Plant Physiol. 109:341-6
1995; Whitelam et «f., Biochem. 8o, Trans, 22:940-944 1994, and reforences cited

thezcin; each of the ubove references is entircly incorporated hercin by refcrence).

The domatn antibody constructs of the present invention include naturally purificd
produets, products of chemical synthetic procedures, and products produced by
recombinant techniques frem & eukuryotic hosl, including, for example, yeast, higher plant,
ingect and mammaliaa cells, Depending upon the host employed in a recombinarn
production procedure, the antibody constructs of the present invention can be slycosylated
or can he non-glycosylated, with glycosylated preferred. Such methods are deserbed in
many standard laboratory manuals Sambrook, ¢f al., Molecular Cloning: A Laboratory
Manual, 2 Edition, Cold Spring Harbor, N.Y. 1989, Sections 17.37-17.42; Ausubel ef af, -
eds, Current Protocels in Mofeculur Biology 1987-1993, Chapters 10, 12, 13, 16, 18 and
20, Colligan ¢r al., Cutrent Protocols in Protein Scicnee, John Wiley & Sors, NY, N.Y,
1997-2001, Protein Science, Chapters 12-14, ail eatively incorporated herein by reference.

In one expression system the recombinant peptide/protein library is displaycd on
ribosomes (for examples sec Roberts, RW and Szostak, L.W. 1997
Proc.Nath. Acad, Sci USA. 94:12297-123202 and PCT Publication No. WO98/3] 700).
Thus another example involves the generation and i vifro ranscription of a DNA libravy
{eg of antibodics ov derivatives preferably propared from immunised cells, but not 5o

Hidied), waasiation of the library such

that the pretein and “immunised” mRNASs slay on
the ribosome, attinity selection (¢g by binding to RSP), mRNA isolation, reverse
translation und subsequent amplification {eg by patymerase chain reaction or related

technology). Additional rounds of selection and amplification can be coupled as TIOCESSATY
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to affinity maturation through introduction uf somatic mutation in this system or by other

methods of affinity maturation as known in the state of (he art.

Another example sces the applicaton of emulsion compartmentalisation technology ta the
generation of the domain antibodies of the invention. In emulsion compartmentatisation,
in vitro and optical sort"mg nethods are combined with co-cornpartmentalisation of
translated protein and its riucleotide coding sequence in aquecus phase within an oil
droplet in an emulsion (scc PCT publications no’s WO 99/026711 and WO 00/40712),

The CDR sequences may be obtained from several sourccs, for example, databases such us
The National Centre for Biotechnology nformation protein and nucleotide databases
www.ncbinfmonih.gov, The Kabat Database of Sequences of Proteins of Tmmunological

interest www kabatdatabase,com, or the IMGT database www.ima . cines. fr, Alternatively,

the CDR regions can be predicted from the Vi and Vi domain repertoire (see for cxample
Kabat EA and Wu TT Attempts to locate complementarity determining residues in the
variable positions of light and heavy chains. Ann, NY Acad. Sci, 190:382-393 (1971)).
The CDR scquence may be a genornic INA or a cDNA,

There are a number of ways in which a replacement CDR may be grafted into a variable

region scquence and such methods will be familiar to those skilled in the art, The
preferred method of the present invention invalves replacement of the CDR2 in the
variable rogion (or dAb) via primér direcled mutagenesis. This method consists of
annealing a synthetic oligonucleotide encodin g a desired mutation(s) to a turget region
where it scrves as a primer for initiation of DNA synthesis i vitro, cxtending the
oligonucleotide by a DINA polymerasc to generate a double-stranded DNA that carries the
desired mutation, and ligaling and cloning the scquence tnto an appropriate expression

vector,

In a preferred cmbodiment of thic present invention, the New World primatc CDR
sequence s grafted into a variable region sequence which is of low immunogenicity in

bumans.,

By reference to the term "low tmmunogenicity” it is meant that the domain antibody

construct or antigen-binding portion thereof, does not raise an antibody response in a
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buman of sufficient magnitude to reduce the effectiveness of continued administration of

the dormuin antibody construct for a sufficient time to achieve therapeutic efficacy.

Preferably, the variable region sequence into which the New World primate CPR is
grafted is the "dAb acceptor sequence” (designated Compound 128), in Figure 1. The dAb

acceptor sequence consists of the amine acid sequence sct forth in SEQ ID No:§:

DIQMTQSPSS LSASVGDRVT[TC‘R_ASQSIDSYLHWYQQKPGKAPKLL]YS ASELQSG

VPSRFSGSGSGTDFTLTISSLQPEDFATY YCQQVVWRPFTFGOGTK VEIKR

{($EQ ID No:3).
This sequence is cncoded by the nucleotide sequence set forth in SEQ 1D No:6:

GAC ATC CAG ATE ACC CAG TOT CCA LCC TCT OTC 0T GCA TCT GTA GGa
GAC CET GTC ACC ATC ACT TGC OGG GCA AGT CAG AGC ATT GAT AGT 'WAT
TTA CAT TGG TAC CAG CAG AAA CCA GGU AAR GCC COT ARG CTC O1UE ATC
TAT AGT GCA TCC GAG TTG CAA AGT QGG GTC CCA TCA CGT TTO AGT GGC
ACT GGA TCT GGG ACA GAY TPC ECT CTC ACC ATC AGC AGT LG CAA ceT
GAR GAT TTT GCT ACG TAC TAC TGT ChAA CAG GTT GTG TAQ CAT COP ToT

ACG TIC GGC Cnl GGG ACC AAG G1G GAR ATC AAM CGC

(8EQ 1D No:6)

I one prelerred embodiment of the present invention, a marmoset New World primate
CDR sequence  SASNLET {SEQ ID No:4) is grafted into the variable region dAb
acceptor sequence $o as to replace the CDOR2 sequence { SASELQS; SEQ ID No:55) of
the dAb acceptar sequence to produce the following dAb (designated Compound 145):

Compound 145

DIQMTQSPSSLSASVGDRVTITCRASQSIDS YLHW Y QQKPGKAPKLLIYSASNLETG
VPSRFSGSGSGTDITLTISSLQPEDFATY Y COQVVWRPFITGQGTK VEIKR
(SEQ ID No:7)

Thus, in one preferred cmbodiment, the dAb of the domain antibody construct which binds

10 humman TNF-a, comprises the amino actd sequence set forth irs SEQ D No:7,
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It is within the scope of the present invention, that the variable region sequence (dAb) of
the domain antibody construct may be further subject to affinity maturation in order to
Improve its antigen binding characteristics. This may neccssitate the modilication of
ccrtaiﬁ amino acid residues within CDR1, CDR3 or frunework of the domain antibody

constiuct,

For example, SEQ ID No:7 was affinity matured as set out in the Materialy and Methods
and tested for TNF-a -binding. In a further preferred cimbodiment, the variable region
(AAD) of the domuain aatibody construct which binds to human TNE-q comprises the wnino
acid scquence of SEQ ID No:$§ or SEQ 1D No:9. These have been designated Compound
123 and Compound 100 respectively, und their sequences are shown below:

Compound 123

DIQMTQSPSSLSAS VGDRVIITCRASQAIDSYLHWYQQKPGKAPKLLIYSASNLET
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVYWRPFT TGQGTEKVEIRR
(SEQ ID No:B) ‘

Compound 100

DIQMTQSPSSLSASVGDRVTITCRASQS IDSYLH WY QQKPGKAPKLLIYSASNLETG
.VPSRFSGSGSGWDFILTISSLLPED FATYYCQQVYYWRPFTFGQGTK VEIKR
(SEQ ID No%)

In 2 particularly preferred embodiment, the variable region (dAb) of the domain antibody
construct which binds to humaa TNF-a compriscs the amino acid sequence of SEQ TD
Not10, This has been designated Compound 196 and the sequence is provided helow:

Compound 196

DIQMTQSPSSLS ASVGDRVTITCRASQAIDS YLHWY QQKPGK APKLLIY SASNLET
GVPSRFSGSGSGTDFTLTISSLLPEDFATY YCQQVVWRPFTFGQGTKVEIKR
(SEQ ID No: 10)

It will be appreciated by persons skilled in the art that the constant region scquence of the
domain antibody construct may be derived from human or priniate sequences. The primate

sequence may be New World primate or an Old World primate sequence, Suitable Ol
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World primates include chimpunzee, or other hominid ape eg. gorilla or orangutan, which
because of their close i)hylogcnctic proximity to hutnans, share a high degrec of homology
with the human constant region sequence, Preferably, the constant region is derived from
& human antibody sequence, Examples of such sequences can be found in ‘The National
Centre for Biotechnology Information protein and nucleotide databases
www.nchinlmaih.gov, and The Kuabat Database of Sequences of Proteins of

Immmological Tnterest wiww knbatdatabase.com, or (ke IMGT database

www. imngt.cines f1.

In designing the domain antibody construct of the present invention, the inventors have
truncated the Cyl domain of the constamt (Fe) region. A minimal number of Cy1 domain
residues have been retained in vrder to provide flexibility in the domain antibody construct
around the hinge region. Preferably, ut least 20 C-terminal amine acid residucs of the Cyl
domain are retained, more preferably at least 10 amino acids, still more preferably at least

5 wmino acids, even more preferably a single amino acid residue.

Thus, in a preferred embodiment, the domain antibody construct has a format comprising
dAb-C terminal Cril domain tesidue-hinge region-Cy2 domain-Cp3 domain as iflustrated

schematically in Figure 2,

In a patticularly preferred cmbodiment, the domain antibody construct has the amino acid

sequence sct forth in SEQ 1D No:11. "This has been designated Compound 170,

Compound 176

DIQMTQSPSSLSASVGORVTITCRASQAIDS YLHWYQOKPGKAPK LLIYSASNLET
GVPSRESGSGSGTDFTLTISSLLPEDFATYYCQQVY WRPFTFGQGTKVEIKR VEPKS
SDK THTCPPCPAPELLGGPS VELEPPKPKDTLMISRTPEVICVVYDVSHEDPEY KEN
WYVDGVEVHNAKTRPREEQYNSTYRY VSVLIVLHQDWLNGK EYKCKYSNKALP
APIEKTISKAKGQPREPQVYTLPPSR DELTKNGVSLTCLY KGFYPSDIAVEWESNG

OPENNYKT IPPVLDSDGSFFLY SKLTVDKSR WQQGNVFSCSVMHFEALENHY TOK
SLSLSPGK | © (SEQID No:11)

The hinge region of the naturaily occurring immunoglobulin contains a cysteine (C) side

chain which facilitates the formation of a disulfide hond between the Cy} domain of the
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beavy chain and the constant domain of the light chain. Because the constsuct comprises
only a gingle varfable domain and thus leaves a potentially reactive unpaired cysteine
esidue, the cysteine residue has been substituted with an umino acid residue which
prevents disulfide bond formation. The potential conseyuences of having an unpaired
cysteine may include reduced protein expression due to aggregation and misfolding of the

Consiruct,

It is to be understood that any hinge region sequence derived from any of the antibody
classes would be appropriate for use in the present invention. It is preferred however, that
the hinge tegion is derived from the antibody subclass [gGy. Preferably, the hinge region
ie based on the naturally occurring sequence of the hinge region of [u(3| and comprises the
sequence EPKSSDETHTCPPCPA (SEQ ID No:12). Inthis sequence, the Cys which

normally occurs at position 5 is replaced by the underlined bolded Ser residue,

Preferably, the C-teriminal amine acid residue of the Cyl domain is derived from IgGl.
More preferably, the Cyl vestdue is a valine (V) residuc or ¢ conservative amino acid
substitution such as leucing (1) or isoleucine ([}, This residue is located trnmediatcly
proximal to the hinge region and assisis in increasing the flexibility of the construct around

the hinge region.

Sequences of the Cu2 and Cy3 domains are preferably derived from Swissprot database

accession number PO 857:

PELLGGPSVELFPPKPKDTLMISRTPEVTCY VVDVSHEDPEVEFN WY VDAVEVI N
AKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNY KTTPPY
LDSDGSFFLYSKLTVDKSRW QQGNVFSCSVMHEALUNEY TQKSLSLSPGK

(SEQ ID Noi63),

‘The domain antibody construct may be derivatised or tinked 10 snother functional
molecule. For example, the domain antibody construct ean he functionally linked by
chemnical coupling, genetic fusion, noncovalent association or otherwise, 10 one or more
other molecular entities, such as another antibody, a detecrable agent, a cytotoxic agent, a

pharmaccutical agem, and/or 2 protein or peptide thal can mediate association of the
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antibody or antibody-binding portion with another molecule (such as a streptavidin core

region or a polyhistidine rag),

Uscful detectable agents with which the domaim antibody construct may be derivatised
include fluorescent compounds, Exemplary fluorescent detectable agents include
fluorcscein, luorescein isothiocyanste, rhodamine, S—dimethyiamjne—1—uapthuleucsulfunyi
chloride, phycoerythrin and the like. The domuain antibody construct may slso be
derivatised with detectable enzyracs such as alkatine phosphatase, horseradish peroxidase,
glucose oxidase and the like. When the domain antibody construct is derivatized with a
detectable enzyme, it is dstected by addipg udditional reagents that the ENZYIne uses to
produce a deteetable reaction product, The domain antibody construct may also be
derivatised with biotin, and detected through indirect measurement of avidin or

streptavidin binding.

The domair antibody constuct 2ccording to the invention m;'-xy be linked (0 one or more
molecules which provide increased half lifc apd 1'esistabcc io dcgi}aduliou without [oss in
activily (eg binding affinity) in vive. These molecules may be linked ta the domain
antibody construct via a linker so that they do not interfere/sicrically hinder the antigen
binding site. These adduct molecules include for exumple dAbs directed Lo an endogenous
molecule as described in US patent application 20050271663, Typically, such adduct
molecnles are polypeptides or fragments of polypeptides which occur naturally in vivo and
which resist degradation or removal hy cadogenous mechunisms, Molecules which
inerease half life may be sclected from the following;

(2) proteins from the extracelldas matrix, og, collagen, [wminin, integrin and fibronecting

(b) proteins found in bload, eg, fibrin a-2 macroglobulin, sevum albumin, (ibrinogen A,
fibrinogen B, serurn amyloid protein A, heplaglobin, protein, ubiquitin, uterogiobulin, 8-2
microglobulin, plasminogen, lysozyme, cystalin C, alpha-1-antitrypsin and pancreatic

kypsin inhibitor;
(¢} immurnie serwim proteing, og. 1gB, TpG, [gM;
(d) transport proteins, eg. retinol binding protein, o-1 microglobuling

(e) defensins, eg. beta-defensin 1, neutrophil defensing 1, 2 and 3;
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(f} proteins found at the blood brain barrier or in vieural tissues, eg. melanocortin receptor,

myelin, ascorbate transporter;

() wansferrin receptor specific ligand-neurcpharmaceatica! agent fusion proteins (sce
US5977307); brain capillary endathelial cell receplor, transferrin, transferrin receptor,
msulin, ingulin- like growth factor 1 (1GF 1) receptor, insulin-like growth factor 2 (IGF 2)

receptor, insalip receptor;

(h) proteins jocalised 10 the kidney, eg, polycystin, type IV collagen, organic anion
transportar K1, Heymapn's antigen;

(1) proteing Iocahaeci to the liver, eg. alcohol dchydrogcna%c (1250;

(]) blood coagulation factor 3

(%) -1 antitrypsin;

(Iy HNF 1o

() proteins Ioca!iscd to the lﬁng, eg. secretory component (binds gAY,
(1) proteins localised to the heart, cg, HSP 27; |

(o) proteins localised (o the skin, eg, kerating

(p) bone specific proteins, such as bone morphogenic proteins (BMPs) og. BMP-2, -4, -5, -
6, ~7 (also referred to us osteogedic protein {OP-}) and -8 (OP-2);

(q) tumour speeific proteins, eg. human trophoblast anigen, herceptin rceeplor, ogstrogen

receptor, cathepsing eg cathcpsm B (found in liver and spleen);

(1) disease-specific proteins, og. antigens expressed only on activated T- cells: including
LAG-3 (lymphocyte sctivation gene); osteoprotegerin ligand (OPGL) see Kong YY ¢r al
Nature (1999} 402, 304-309: (YX40 (a membor of the TNE receplor family, expressed on
activated T cells and the only costimulalory T cell molecule known to be specifically up-
regalated in buman T celf feukacmia virus type-1 (HTLV-I)—producmg cells - see Pankow
R er ql 1. Immanol. (2000) Tl 1;165(1):263-70: melalloproteases (associated with
arthritis/cuncers), ihcludi_ng C(6512 Drosophila, human paraplegin, human FtsH, human
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AFG3L2, murine ftsH; angiogenic growth factors, including acidic fibroblast growth fuctor
(FFGF-1), basic fibroblast growth factor (FGEF-2), Vascular endothelial growth
factor/vascular permeability facior (VEGF/VPF), transforming growth factor-c (F'GF-),
tumor necrosis factor-alpha (TNF-), angiogenin, interleukin-3 {[L-B). interleukin-8 (TL~
8), platelet derived endothelial growth factor (PD- BCGF), placental growth factor (PIGF),
raidkine platélet-derived growth faclor-BB (PDGF), fractalkine; '

(s} stress protelns (heat shock proteing); and
(0) proteins involved in FFe transport.

The present invention also extends to a PEGylated domain antibody construct which
provides increused half-life and resistance to degredation without a loss in activit y(eg.

binding affinily) relative (0 non-PEGylated antibody polypeptides.

The domain antibody construct can be coupled, using methods known in the art, 10
polymer moleeules (preferably PEG) useful for achieving the increased hatf-lifc and

dogradation resistance properties. Polymer moieties which can be utilised in the invention

+ can be synihetic or naturally occurring and include, bul not Hndited to straight or branched

chain polyalkylepe, polyalkenylene or polyoxyalkylene polymers, or a branched or
unbraached polysaccharide such as a homo-or heteropolysaccharide. Preferred examples
of syuthetic polymers which can be used in the invention include straight or branched
chain poly(cthylenc glycol) (PEG), poly(propylene ghycol), or poly(viny! alcohol) and
derivatives or substitwted forms thércof. Particulatly preforred substituted polymers for
linkage to the domain antibody construct include substituted PEG, including
methoxy(polyethylenc glycol). Naturally oceurring polymer moideties which can be used in
addition to or in place of PEG include lactose, amylose, dextrun, or glycogen, as well as

derivatives thereof which would be recognised by persons skilled in the arl.

The polymer (PEEG} molecales useful in the invention can be attached o the domain
sntfhody construct using methods which are well known in the art. The first siep in the
attachment of PEG or other polymer moietics to the domuin antibody construct of the
invention is the substitution of the hydroxy! end-groups of the PIG polymer hy
clectrophile-contaiting functional groups. Particularly, PEG polymers are attached 1o

either cysteine or lysine residues present in the domain untibody construct monomers or
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multimers, The cysteine and lysine residues can be naturally occurring, or can be

engineered into the domain antibody construet moteculc.

chy!alion of the domain antibody constructs of the invention may be accomplished by any
number of means (see for example Kozlowski-A & Harris-TM (2001) Journal of
Controlled Retease 72:217). PEG may be attached (o the domain antibody construet cither
directly or by an intervening linker, Linkerless systeins for attaching polyethylene glycol
1o proteins is described in Delgudo er af., (1992), Crit. Rov. Thera, Drug Carricr Sys.
9:249-304 ; Francis e al., (1998), Intern. 7. Hematol. 68:1 -18, US 4,002,531; US
3,349,052: WO 95/06058; and WO 98/32466, the ¢isclosurcs of euch of which are

incorporated herein by referenco,

One system for attaching polyethylenc glycol direetly to amino scid residues of proteins
without an infervening linker employs tresylated MPEG, which is produced by the
modification of monomethoxy polycthylene glyéo I (MPEG) using tesylchloride,
Following reaction of amino scid residues with tresylated MPEG po!yethykue glycol is
directly sttached to the amine groups, Thay, the invention incjudes protein-polycthylene
glycol conjugates produced by reacting proteins of the invention with o polycthylene

glycol malecule having a 2,2,2-trilluoreothanc sulphonyl group.

Polyethylene glycol can also be attached to proteins using 4 number of different
inlervening linkers. For cxample, US 5,612,460 discloses urethane linkers for connecting
polyethylene glycol to proteins, Protein-polyethylenc glycol conjugates whetein the
polyethytene glycol is attached Lo the protein by a linker can also be produced by reaction
ot proteins with compounds such as MPEG-succinimidylsuccinate, MPEG activated with
1 1carbonyldiimidazole, MPEG-2,4,5-trichloropenylcurbonate, MPEG-p-
nitrophenolearbonate, and various MPEG-succinate derivatives. A number of additienal
polyethylene glycol derivatives and rcaction chemistries for attaching polyethylenc glycol
10 proteins are described in WO 98/32466, the entire disclosure of which is incorporated

herein by reference.

In a pasticularly preferred embodiment of the present invention the domain antibody
construet is coupled directly (o polyethylene glycol via a lysine residue. Tn yet another

preferred embodiment of the present invention, the domain antibody construct iy coupled
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divectly to PEG via 3 cysteine residue. The unpaired cysteine residue could pre-exist in the
sequence, could be added by incorporating a cysteine residue in, for example, the C-
terminus of the domain antibody construct. Altcrnatively, attachment of the PEG to the
domain antibody construct could be lacilitated via a disulphide bonded cysteine such as
that described in US20060210526.

Other derivatized forms of polymer molecules include, for example, derivatives which
have additional moieties or reactive groups present therein to permit interaction with
atnino ueid residues of the domain antibody constructs described herein. Such derivatives
include N-hydroxylsuccinimide (NHS) uctive esters, succinimidy! propionate polymers,
and sulfhydryl-sclcctive reactive agents such as maleimide, vinyl sulfone, and thiol. PEG
polymers can be linear molecules, or can be branched wherein multiple PEG mojeties arc

present in a single polymer.

“T'he reactive group (e.g., MAL, NHS, SPA, VS, or Thiol) may be attached directly to the

PEG polymer or may be attached to PEG via u linker molecule,

The size of polymers useful in the in'ventiuﬁ can be in the range of 500 Da 10 60 kIa, for
cxample, between 1000 Da and 60 kDa, 10 kDa and 60 kIDa, 20 kDa and 60 kDa, 30 kDa
and 60 kDa, 40 kDa and 60 kDa, and up (o between 50 kDa and 60 kDa. The polymers

used in the invention, particulurly PEG, can be straight chain polymers or may possess a

branched conformation.

In a further embodiment, the demain antibody construct according 10 the first aspect ma ¥y
be multimerised, as for example, hetero- or homodimets, hetero- or homotrimers, hetero-
or homotetramers, ol higher order hetero- or homomultimers. Muliimerisation can
increase the strength of antigen binding, wherein the strength of binding is related to the

sumn ol the bindiug affinities of the multiple hinding sites.

in a fifth aspest, the invention provides a pharmaccutical composition comprising an
elfective amounnt of the domain antibody construct aceording to the first nspect, togather

with a pharmaceutically accepluble carrier or diluent.

A “pharmaccutically acceptable carrier includes any und al! solveats, dispersion media,

coatings, aatibacterial and antifungal agents, isatonie and absorption delaying agents, and
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the like which are physiblogicuﬂy compatible, Examples of pharmaceutically ucceptable
carrlers inctude one or more of water, saline, phosphate buflered saline, dextrose, glycerol,
éthanoi, and the like as well as combinations thereof. In many cases it will be preferable to
include isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitel, or
sodium chloride in the composition. Pharmaceutically aceeplable substances such as
minor amounts of auxiliary substances such as wetting oy emulsitying agents, preservatives

or buffers,

‘The composition may be in a varicty of formis, including liquid, semi-solid and solid
dosage forms, such as Hquid solutions (eg inhalable, injectable and infusible solutions),
dispcrsions or suspensions, tablets, pills, powders, liposomes and suppositorics.
Preferably, the composition is in the form of an injectable solution for immunization. The
adminisation may be intravenous, intra-arterial, subgutancows, intraperitoneal, or

intramuscular,

Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The compositions can be formulated as a solution,
microcmulgion, dispersion, {iposome, or other ovdered structure suitable to high drag
concentration. The proper fTuidity of a solution can be muintaired by for exumple, use of a
coating such as lecithin and/or surfactants. Sterile injectable solulions can be prepared by
incorporating the active compound (ie. domain antibody construct) in the required amount
into an appropriate solvent with one or a combination of ingredients listed above, followed

by filtered sterilisation.

The composition may also be formulated s a sterile powdcr for the preparation of slertle

injectable solutions.

In certain embodiments the active compound may be prepared with a carrier that will
protect the compound against vapid refeasc, such as a controfled refease formulation,
including implauts, transdermal patches, and microencapsulated delivery sysiems.
Compatibic polymers may be used such as ethylene vinyl acctate, polyanhydrides,

polyglycolic acid, collagen, polyorthoesters and polyluctic acid.
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The compasition may also be formulated for oral administration. In this embodireent, the
domaein antibody construct may bo enclosed in a hard or solt shell gelatin capsule,

compressed into tablets, or incerporated directly into the subject's diet,

Fortuulations that allow for pulmonary, rectal, transdermal, intrathecal and infraocular

administration will be familiar to porsons skilled in the att.

Supplementary active compounds can alse be Incorporated into the composition. The
domain antibody construct may be co-formulated with and/or co-admindstered with one or
more additional thernpeutic agents cg. soluble ;I‘N F- recoplor or a chemical agent that
lohibits hurman I'NF-a production, or antibodics that bind other targots such a3 cytokines or
cell surface molecules. Altematively, it may be co-administered with a soluble

immunochemical reagent such as protein A, C, G or L.

An effective amount may include a Lhcrépeutically effective amount or prophylactically
effeetive amount of the domain antibody construct of the inveution. A therapeutically
effective amount zefers to an amount cffective at dosages and for periods of time
necessary, (o nchieve the desired lhurapeu'tic result. A prophylactically effective amount
refers to an amount cffective, at dosages and for pertods of time necessary, to achieve the
desired prophylactic vesult, Beeause ?rophylactic dose is administered 1o a subject prior
to or at an earlier stage of disease, the prophylactically effcctive amount may be less than

the therapeuticully effective amount.

I u sixth aspect, the present invention provides for the use of the domain antibody
construct according to the fitst aspect of the invention in a diagnostic application for

detecting human TNF-u.

For cxample, lhe anti-human TNF-a domain antibody construct according to the nvention

can be vsed to dotect human TNF-a for example in 1 bialogicul sample, such as serum or
plasma using a conventional inmunoassay, such as an enzyme linked immunosorbent
assay (BLISA), a radinimmunoassay (RIA) or tissuc immunohisfochcmiﬂry. The anti-
human T'NF-a domain antibody construet according to the invention can be agsayed in
biological fluids by a competition immunoassay using recombinant hurnan TNF-o
standards labelled with a detectable substance and an unlabelled anti-human TNF-g

antihody,
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The anti-human TNF-a domain antibody construct according to the invention may also be
used to deteet TNF-o from species other than humans such as non-human primatey
including cynomolgus, chimpanzee, marrnoset, rhesus and other species such us dog, rat,

mouse, rabbit, cat, pig, bovine.

The anti-human TNF-o domain antibody construct according to the inveation may also be

used in cell culture applications whete it is desired to inhibit TNF-q activity,

In a seventh aspect, the invention provides a method for lreating a disorder characterised
by hiunan TNF-a activity in a human subject, comprising administering to the subject a

pharmaceutical composition acoording to the second aspect of the invention,

A disorder characterised by human TNFu activity is intended to include diseases und
other disorders in which the presence of TNF- in & subject suffering from the disorder has
been showa to be or ig suspected of being eilher responsible for the pathophysiology of the
disorder or a fuctor which contributes to 2 worsening of the disorder. Preferably, the
disorder characterised by hwman TNF-g sclivity is seleeted from the group consisting of
inflarimation, inflanunatory diseases, sepsis, including septic shock, endotoxic shock,
gramn negative sepsis and toxic shock syndrome; autoinunune disease, including
rkewmatoid anhritis, juvenile arthritis, theumatoid spondylitis, ankylosing spondyiitis,
Sidgren’s syndrome, osteoarthritis and gouly arthritis, allergy, mwltiple sclerosis,
autoimmune diabeics, autoimmune uveitis, psoriasis, pemphigoid and nephrotic syndrowe;
inflamumatory conditions of the eye, including macular degeneration, uveitis, Behget's
disease; infectious discase, including fever and royulgias due o Infection and cachexia
secondary to infection; graft versus host discase; tumour growth or metastasis, hematuing(ic
malignancies; pulmonary disorders including asthma, adult respiralory distress syndrome,
shock lung, chronic pulmonary inflammatory disease, pultonary sarcoidosis, pulmonary
fibrosis and silicosis; inlawmatory bowel disarders including Crohn's disesse and
ulceralive colltis; cardiac disorders, congestive heart {uilure: vascular disorders including
Wegener's disease, gluul cell arleritis: inflammatory bone disacders, central nervous
systern disorders such as Alzheimer's disease: peripheval nervous systern disorders such as
sciatica, hepatitis, coagulation disturbances, bums, rcpu:tusxon mjury, endometrosis, keloid

formation and scar tissue formution.



10

20

26
In & particularly preferred embodiment, the disorder characterised by human TNF-¢

activity is age-related macular degenerution. TNF-g iy implicated in stimolating VEGF

production and promoting neovascularisation in the eye (Oh-H ¢t al., 1999 Investigative

Ophthalmology & Visual Science 40:1891-98), and therefore inhibitors of TNE-a activity,
such as the domain antihody constructs described herein, would be useful for therapy of

angiopenesis-related ocular disorders inciuding age-related macuilar degeneration.

Throughout this specilication the word "comprise”, or variations such as “comprises" ar
"comprising”, will be understood to imply the inclusion of a stated element, integer or step,
or group of elements, integers or steps, but not the exclusion of any other element, integer

or step, or group of elements, integers or steps,

All publications mentioned in this specification are herein incorporated by reference. Any
discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification iy solely for the purpose of providing a context for the
present invention, It is not to be taken as an adinission that any or all of these matters form
part of the prior art base ar were commaon general knowledge in the field relevant to the
present iuvention as it existed in Australia or clscwhere before the privrity date of each

claim of this application,

In order that the nature of the preseat invention may be more clearly understood, preferred
forms thereof will now be described with reference 1o the fol lowing non-fimiting

cxamples.
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EXAMPLE 1

Materials and Methods

Isolation of New World primate V,, genes

Marmoset (geruts Callithrix, species unknown) und Owl monkey (Aotuy trivirgaius)
genomic DNA were obtained from the Europesn Colleation of Cell Culiues (ECACC),
catalogue numbers 85031419 and 90110510 respectively, Marmoset DNA was derived
trom cell line B95-8 while Owl monkey DNA came from cell line OMEK 637-69,

Degenerate primers based on human Vx leader sequences and recomnbination signal
sequences (RSS) were derived from Walter and Tomlinson, Antibody Engineering: A
Practical Approach (1996). The primers used for amplification of germline Vic DNA werc

as follows;

Primer VKI1BI.
AATCECAGGTKCCAGATGC (SEQ ID Not13)

Primer VKIBL35a
GTTYRUGTKKGTAACACT (SEQ ID Na:l4)

Primer VK1BL35b :
ATGMCTTGTWACACTGTG (SEQ D Na:15)

PCR (30 cycles) was performed using Taq polymerase with either primer pair
VKIBLxVKIBL354 or VKIBLxVEK I BL35b. There was overlap between the sequences

cloned and the two primer sets wsed,

Geaomic PCR products were cloned into Invitrogen's TOPO TA cloning kit (Cat No
K4500-01) and sequenced with M13 Forward and pUC Reverse primers. Sequence was
confirmed in forward and reverse directions. Tn order to further conlirm key scquences
were not subject 1o PCR errors, the PCR and cloning process was repeated twice for
marmoset sequences. Nucleotide (SEQ 1D Nos: 16-26 and SEQ 1D Nos:38-43) and amino
acid (SEQ ID No:27-37 and SEQ 1D Nos 44-49) are given in Figure 3. Marmoset
sequences |, 2 and 3 were confirmed. Sequences 4, 5, 6, 7 and § were seen only in the
initial PCR. Sequences 9, 10 and 11 were seen only in the cepeat (ie second) PCR and

cloning.
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Oligo Synthesis and Cloning inlo Acceptor Sequence

Four CDR scquences, namely  AATKIQS (SEQ ID'No:{) frorz Owl monkey sequence |
(SHQ ID Noid4), " BASSLQS (SHQ ID No:2) from Owl monkey sequence 2 SEQ D
Nu:d5), BASKLQS (SEQ ID No:3) from Marmoset sequence 1 (SEQ TD No0:27), and
SASNLET (SEQ ID No:d) from Marnioset sequence 2 (SEQ 1D Na:28), were chosen
from the amino aéid sequences shown in Figure 3. Owl Mo;n key scquence 5, YASSLQS
(SEQ ID No:56) was found to bo identical to GI6176295 an Aolus nancymaac (Ma’s nigat

monkey) cDNA scquence, all other sequences were unique.

The acceptor variabie region (anti-TNF domain untibody) sequence in the expression
veelor (Domantis proprictary vecior) was digested (25 pg) sequentially with Kpnd and
SuanDI which oxcises the majority of FR2 as welt as CDR2 as indicated on the restriction
digest map, Figure 4. The vector was then gel purified to remove the excised wild-type

BRZ and CDRZ sequence,

Oligo anmealing was performed by incubating oligo pairs (500 pmol hused on sequencos
shown in Figure 3) at 95°C for 5 minutes followed by 65°C for 5 minutes and then allowed
to reach room temaporature slowly on & hot block. Overlaps werc then filled in during a
KJCﬂO;\PV reaction in the presenco of dNTPs. Molecular cloning of the synthetic dovble-
stranded DNA (derived by oligo annealing and end filling) into the acceplor variable

region scquence was achieved using standard methods,

Affinity Matieration

The marmaoset CDR-gralied dAb Compound 145 (SEQ 11 No:7) was affinity manied by
constiucting 14 sepatate librarics, each a divérsification of the sequence of SEQ ID Na7 al
a single amine acid residue. The selected residues arc shown shaded below,

YOQRFGKAPKLLIYSASNI ITG

T

DIQMTQSPSSLSASVGDRVITICRASGEIRELL

VPSRESGEGS G BITL1SSLEPEDEATY YCOORRRPE (FGQG TKVEIKR

The selection was based upon residucs in CDR I and CDR3 that are known (¢ be
divecsified in the mature human Ty repertoire, and framework residues that huve boen
observed Lo produce functicnal proteins after mutagencsis in related JAbs. For each of the
selected residucs, complimentary forward and reverse PCR primer pairs were designed

with NKK degencrucy, and two initial PCR reactions were performed each with a single
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mutagenic primer and flanking primer. After clean-up, the two PCR products were
annealed and then amplified using flanking primers alone (splicing by overlap extension of
PCR; Lowman H.L. & Clackson T, (eds), Phage Display: A practical approach, Oxford
University Press , Oxford, UK), Clones were initially screened by ELISA using solid-
phase TNF, and positive clones were sequenced. dAb protein was purified from the best
clones and svaluated for potency in receptor binding assays and 1929 ¢cytotoxicity assays.
Compounds 100 (SEQ ID No:9) and 123 (SEQ ID No:8) were found to have improved
TNF-neutralization relative to the parent dAb, Compound 145 (SEQ ID No:7).

Combination of the affinity-enhancing substitutiohs,uf Compounds i(_}O and 123, yielded
an anti-TNF dAb with further improved potency in the 1.929 cytotoxicily assay
(Compound 196; SEQ ID No:10).

Cell Culture

CHOKISYV cells (L.onza Biologics, UK}, # suspension variant of CHOK I, were maintained
in logarithmic growth phase in CD CHO media supplemented with 6 mM L-ghutamine
(lvitrogen Cat Nos, 10743-029 and 25030-081). Cullurcs were incubated at 36.5°C, 10%
CO; and shaking at 140 rpm. 24 hours before (ransfeetion cell number and viability was
asscssed by wrypan blue exclusion {Sigmu Cat No. T8154) on a haemocylometer. § x 10°

~viable cells were pelleted ar 200 x g for § minutes and resuspended in 8 ml of CM25 media

(Lonza Bivlogics, UK) supplemented with 10% heat inactivated dialysed fetal call scrum
(Invitrogen Cat No, 26400-044) and 6 mM {-glutamine. Cells were plated out at 500 i
per well in & 24 well plate and incubated at 36.5°C, 10% COs.

3 hours before transfection the media wag repienished with a fresh aliquot of 500 pl CM25
media supplemented with 10% heat inactivated dialysed fetal calf serom aud 6 mM L-

_ Glutamine.

Lxpression vectors

© Gene sequences for Compound 112 (SEQ ID No:50) and Cowpound 170 (SEQ 1) No:51)

were opiimized for mammalian celf expeession and synthesized,



20

25

30

35

30

‘Compound 112

GACATCCAGATGACCCAGAGCCCCAGCAGCCTGAGCECCTCTOTGEECEATAGAGTGACC
ATCACCTGCAGAGCCAGCCAGGCCATCCACAGCTACCTEC ACTGETATCAGCAGARGCOT
GGCAAGGCCCUTAAGCTECTGATCTACAGCGCCAGCARTCTEEAGACCEGCATECOTARC

- AGATTCAGCGECAGCERCTCCAECACCEACTTCACCCTGAC CATCAGCAGCOTEOTGCOT

GAGGATTTCGCCACCTACTACTGCCAGCAGC TG TGTGGAGACCTTTCACCTTCGECCAG
GGCACCARGGTCGAGRTCARGCGGETEGAGCCCARGAGCTECCGATARGACCCACARCCTET

.CCCCCCTGCCCTGCCCCCGAGCTGCTGGGCGGACCCACCGTGTTCCTGTTCCCCCCCAAG

CCTAAGGACACCCTGATGATCAGCAGAACCCCCGAGGTGACCTGCGTGGTGGTGGATGTG
AGCCACGAGGACCCTGAGGTEAAGTTCAACTECTACCTERACGECATGUAGGTECACAAT
GOCAAGACCAAGCCCAGGGAGGAGCAGTACAACAGCACC TACCGRGETEETATCCATECTG
ACCGTGCTGCACCAGGATTGECTGAACCGCAACGASTACAAGTGCAAGGTGTCCARCAAG
GCCCTGCCTGCCCCTATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCCCAGAGAGCCT
CAGGTGTACACCCTACCCCCTAGCAGAGATGAGCTGACCAAGAACCAGETGTCCCTGACT
TECCTGETGAAGGECTTCTACCCCAGCGACATCACCETGGAGTGEEAGACCAACGECCAG
CCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGATGGCAGCTTCTTCCTG
TACAGCAAGCTGACCGTEGACAAGAGCAGATCGCAGCAGEGCARCGTETTCAGCTGCAGE
GTGATGCACGAGGCCCTECACARTCACTACACCCAGAAGAGCCTGAGC CTGTCCCCTGGE

BAAG (SEQ ID No:50)
Compound 170

GRACATCCAGATGACCCAGAGCOUCCAGCACGCCTGAGLGLCTCTCTGEGCEATAGAGTEALC
ATCACCTGCAGAGCCAGCCAGGLCATCGACAGCTACCTECACTGGTATCAGCAGAAGCCT
GGCAAGGCCCCTAAGCTGCTGATCTACAGCGCCAGCAATCTGGAGACCGGCGTGCCTAGC
AGATTCAGCGGCAGCGECTCOGGCACCRACTTICACCCTCACCATCAGCAGCCTECTGECT
GAGGATTTCGCCACCTACTACTGCCAGCAGGTGGTGTGGAGACCTTTCACCTTCGGCCAG
GGCACCAAGETGRAGATCANGCEEETEGAGCUCAAGAGCAGUGATAAGACCCACACCTAR
CCCCCCTECCCTGCCCCCEAGCTGCTGEGCEGACCCAGCETETTCOTETTCCCOCCCAAG
CCTRARGGACACCCTGATGATCAGCAGAACCCCCGAGETRACCTECETCETCCTEEATETG
AGCCACGAGGACCCTGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAAT
GCCAAGACCAAGCCCAGGGAGGAGCAGTACAACAGCACCTACCGGGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGATTGGCTGAACGGCAAGGAGTA@AAGTGCAAGGTGTCCAACAAG
GCCCTGCCTGCCCCTATCCAGARRACCATCAGCAAGGCCARAGEECCAGCCCARAGAGEOC
CAGGTGTACACCCTGCCCCCTAGCAGAGRTGAGCTGACCAAGAACCAGGTGTCCCTGACC
TGCCTEETGAAGEGCTTCTACCCCAGCGACATCGCCCTGGACTCEGAGAGCAACGGCCAG
CCCGAGAACAACTACAAGACCACCCCCCCTETGCTGEACAGCGATEGCACCTTCTTCCTE
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TACAGCAAGCTGACCGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGCTGCAGC
GTGATGCACGAGECC CTGCACAATCACTACACCCAGAAGAGCCTGAGCCTGTCCCCTGGC

AAG (SEQID Neisl)

Each sequence was flanked at the 5' end with a Hind IV site, a Kozak sequence
(GCCACC, SEQ D Ne:57) and a hurnan TgG kappa fcader sequence (amino acid sequence
MSVPTQVLGLLLLWLTDARC: SEQ D No:38), Atthe 3’ cnd two stop codons and an
LeoR 1 site were added to each scquente, Following synthesis genes wore provided cloned
into a pCRSeript vector (Stratagene) and were refeased by Hind Il / £coR I digestion in
the appropriate restriction cnzyme buffer (Roche Diagnostics Cat Nos, 10656313001,
10703737001 and 11417967001 fespeciively). The GS expression vector pER12.4 (Lonzg
Biologics, UK) was similarly digested and dephosphorylated using calf intestinal alkaline
phosphatasc Roche Diagnosties Cat No, 10713023001). Each gene was Ligated into the
prepared pEE12 .4 backbone using the l.igaFast.Rapid DNA ngatioﬁ System from
Promega (Cat No. M8221), Ligations were then transformed into One Shot Top 10
chemically competent cells (Invirogen Cat No, C4040-03) and positive colonies identificd
by standard techniques. Large quantites of the resulting.vectors (pEE12.4-PNO621 and
PEEL2.4-PNO521(-8114C) were prepared by uudiprép of avernight cultures using
QlAfilter midiprop columns (QlAgen Cat No, 12243). Vectors were prepared for
transfection by precipitating 20 g in 100% cthanol with 1/10 volume of 3 M sodiuny
acefate (pH 5.2) (Sigima Cal Nos, £7023 and 52889 respectively). Following a wash in
T03% cthanol, vectors werc restispended in 40 W of T.E. pft 8.0 (Siéma Cat No. TY285) at a

working concentration of 0.5 pg/ul,
Transfection

For each wansfection 2 ul of Lipofectamine 2000 was added to 50 1l of Optiniem  media
(Invitrogen Cat Nos. 11668-027 and. 31985-062) in a well of & 96 well plate. 1n a second
well 1.6 {1 of the expression vector (0.8 ug) was added to 50 tl of Optimem | media.
Following a § minute room (emperature incubation the conteats of the two wells were -
mixed together and left for a further 20 minute incubaton, Following this second
incubation the whole trunsfection mixture was added to 8 well in the 24 well plate
containing the CHOK1SV cells. Celis were incubated for at Jeast 72 hours and
supernarants harvested, Supernatants were centrifuged at 4,000 x g for 5 minutes to pellet
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cell debris and were stored at -20°C nntil expression of Compound 112 (SEQ ID No:59)
and Compound 170 (SEQ ID No:11) was assayed by TNF ELISA.

Compound 112

DIQMTQSFSSLSASVGDRVT!TCRASQAIDSYLHWYQQKPGKAPKLL[YSASNLET
GVPSRISGSGSGTLFTLTISSLLPEDFATY YCQQV Y WRPFTFGQG TK VEIKRVEPKS
CDKTHTCPPCPAPELLGGPSVFLEPPKPRKDTLMISRTPEVICY VVDVSHEDPEY KEN
WY VDGVEVHANAKTKPREEQYNSTYRVVSVLTVLHGDWILNGKEYKCKVSNKALP:
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLY KGFYPSDIAV EWESNG
QPENNYKTTPPVLDSDGSFELYSKLTVDRESRWQQGNVESCSYMHEALHNHYTOX,
SLSLSPGK (SEQ ID No:59)

TNF ELISA

Microtitre plates (e.g. Sarstedt 82.9923—‘148) were coaled with a 1 pg/mE. solution of
human recotrbinant TNF-¢ (Peprotech Cat # 300-01A) in carbonate/hicarbonate coating
buifer pH 9.6, [00 gLiwell. After overnight incubation at 4°C, plates were washed 3 times
with PBS (0.01 M, pH 7.2) with 0.05% Tween 20, and 3 times with PBS. 200 pl, blocking
buller (PBS with 1% BSA {bovine serum albumin, Sigma Cat # A-9.647}) was added per
well and incubated at 25°C for 1 hour. Plates were waéhcd, as above, and 100 gL volumes
of sample ar Compound 170 standards diluted in antibody diluent (PBS with {% BSA and
0.05% Tween 20) were added per well. After 1 hour incubation at 25°C, plates were
washed, as above, and 100 pL volumes of secondary antibody (peroxidase-conjugated goat
anti-human immunoglobulins, Zymed, Cat # 81-7120) at [:1000 dilution in antibody
diluert were added per well. Plates were washed and 100 pL volumes of AB'TS substrate
(2,2’-Azino-bis(3-Elhylbenz-Thiazoline-6-Sulfonic acid) diammonium salt, Sigma Cat #
A~1888, 0.5 mg/mL in clirate buffer pH 4.4, with 0.03% H,05) were added per well.
Substrate was developed for 30 minutes at voom temperature and absorbance read at 405
am (reference 620 nm). Sample concentrations wese determined relative Lo the standard

curve and wore expressed telative to the mean eoncentration of Corapound 112 expressed.
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Results
Inctusion of truncated Cgl

fclusion of the truncated Cul in the domain antibody construct results in a Junction
between the variable domain and hinge with higher homology 10 4 conventional IgG Cyl-
hinge junction (91.7%) than ajtmc:ion lucking the truncated Cyl (83.3%: caleulated using
Align X on Veetor NTI (Invitrogen) with a gap opening penalty of 1), Enhanced
homology is likely to translate to inereased resemblance to conventional immunoglobulin
peptide sequences to which human patients should be immunologicaily tolcrant, thereby

reducing immunogenic potential,

Sequences:
Compound 170 variable region-trencated Cyl-hinge junction: TMIKRﬁf{prs (SEQ TP wNe:y 65D
igG, Cyl-hinge junction (NCBI accession AAGN0S09); ORI e (3B T wes 66)

Compound 170 varlable region-hinge junction (truncated Cyi absent):  TKVTIKREDPKS (SEQ T Ne s 67
Cul sequence is shaded as indicated.

Cnt domain (SEQ D No:60) obtained from NCBI protein database
(http//swww.nebintm.nih.eov) AAGHISOY «

1 STHGPSVEDL APISKSTEGG WANLGULVKD YFPEFVIVEW HEGALTEGVH 1RRPAVIQBSEC
61 LYSNSSVVIV PBESLOTOTY ICHNVNHKDSN TKVDKRVEPK SCDKMITORR CEADELLGCP
121 SVFLFFPKPK DTLMISRTPE VICVVVDVSH ENPEVAFNWY VDGVEVHNAK TEPREEQYNS
181 TYRVVSVLTV LHODWLNGKE YKCKVGNKARL PAPIEKTTSK AKGQPREPQV YTLPPSREENM
241 TENQYSLITCL VRCTYPSDIA VEWESNGQPE NNYKTTPDRVI, RBLGSFFLYS KLT@KSRWQ

301 QUNVFSCSVM HEALHNHYTO KSLSLSPGK

Cyl-hinge junection is indicated I underline.
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Newutralization of TNF-a-induced Cytotoxicity

The ability of the domain untibody construct Compound 170 (SEQ ID No:11) to neutralize
TNF-u-mediated cytotoxicity was assessed using & murine L929 cell viability assay, Serial
dilutions of Compound 170 in RPMJ medium with 10% foetal bovine serum (RPMI-FBS)
were prepared in 50 pL volumes in flat bottonied 96 well plates. To each of these wells
was added 50 pL recombinant human TNF-o (Strathmann Biotec, Hamburg, Germany) at
a concentration of 360 pg/mL, followed by 2.5x10% 1929 cclls in 50 pL and 25 ul.
Actinomycin D at 40 pg/ml, all prepared in RPMI-FBS. Controls included wells with no
TNF (for determination of 100% viubility), no cells (0% viability) and a TNF-a standard
curve ranging from 2 pg/mL (o 4200 pg/mL. Culture plates were incubated in a 5% CO,
atmosphere at 37°C for 20 hours, then for & further 3 hours afler the addition of 25 ul. 3-
(4,5-di methylihiazol-2y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl}-2H-tetrazolium
(MTS)/phenazine ethosulfate (PES) (Promega CellTiter 96 AQuems One, Madison USA).
Ahsorbance al 492 nun was determined against a refercnce wavclength of 630 nm and
viability curves were plotted using average values calculated from triplicate test wells, The
TNF-a-neutralizing ability of Corapound 170 is indicated by increasing cell viabifity with

inereasing concentrations of Compound 170 (Figure 6).
Neutralization of TNF-a binding to human p55 and p75 TNF receplors

Tilt: ability of the domuin antibody construct Compound 170 (SEQ ID No:11) to inhibit
binding of TNP-¢ to human pS5 and p75 TNF receptors was evaluated by receptor binding
assays. Human p55 (RnD systems, Cat No; 372-RI) or p75 (Rl systems, Cat No; 762«
R2) was coated onto Maxisorb plates (Nunc) at 0.1 pg/mL in carbonate coating buffer phl
9.2 by overnight incubation at 4 °C., Seriul half-log dilutions of Compound 170 ranging
from 100 pg/mL down (o 3,15 ng/mL (énd ano Compound 170 *blank’ control) were
prepared in antibody diluent (PBS pH 7.2, 0.05% T'ween-20, 1% BSA) and were mixed
with an equal volume of 60 ng/mL human TNF-q in antibod y diluent, A blank containing

sl
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were alfowed 1o tncubate for exactly 1 hour at room temperaiure with gentle agitation,

During this incubation the coated plates were washed 3 times with PBS, 0.05% Tween-20

and then 3 times with PBS. The plates were then blocked with 200 i/ well of PBS, 1%
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BSA for 45 minutes at room emperature. 'Followlng washing of @hc plate, 100 pl of the
Compouad 170/TNF-¢ mixtures were added to triplicate wolls for each concentration of
Compound 170 tested along with addition of all the controfs. The plate was then incubated
at room temperature for 1 hour. Following washing <->f fhe plate, a biotinylated anti-hurnan
TNF-o, antibody (R.nD Systems, Cat No: BAF210) was added at 0.6 pg/m in antibody
diluent to exch well and incubated for 1 hour at room temperature, Following washing a
Streptavidin-HRP conjugate (Zymed, Cat No; 43-4323) was added at 1:2000 in antibody
diluent and incubated ot room temperature for 43 mins., Visuatization was performed using
TMB substrate (Invitrogen, Cat No: 00-2023) stopped with 1 M HCI after 4 minates.
Abgorbance readings were then messurced at 450 nm using a reference of 620 nm.
Analysis was performed by calenlating the average absorbance of the triplicates. The
averagc of ﬂ}a non-~specific binding (no TNF-a) was subtracted from each abgorbance

value.

The results are indicated in Figure 7 and show that Compound 170 prevents the interaction
of TNF-u with the human p33 or p75 TNF receptors.

Binding of cell<hound TNF-«

Analysis of binding W cell-bound (tmmmumbranc) TNF-x was pcrformed using an NSO
LC}I line, 2704, stably travsfected with a gene encoding human TNF-q protein lacking a
TACE cleavage site, such that TNF-n remaing cell membrane-associated hecause it cannot
be cleaved. A similar celf line based on another murine myeloma (SP2/0) has been
described (Scallon et al., (1995) Cytokine 7 251-259).

Flow cytomelry analysis was performed on 5 x 10° viable 27D4 cetls per sample with a1l
steps pecformed at 4°C or on ice, Cell pellets weee resuépended with test (Compound 170;

- SEQ ID No:11) or irrelevant-specificity isotype-matched control (Sigma, Cat No: [5154) a

100 pg/ml in PBS containing 2% FBS, and incubated on ice for 1 hour. Two cell wash
cycles were performed, cach comprising, centrifugation for 10 thinutes at 1000 £ gand

Lb—bubpéﬁmhu UJ. the CC” "J'Cuul il PBS:’E% !-«QQ‘ ﬁn'l'lounnn ““0“’1"‘ Cﬁnf__rlfl, on SI_P &C

cell pellet was resuspended in 100 p secondary antibody conjugate (Anti—human Fé FITC
conjupate, Sigma, Cat No; F9512) and {ncubated for 30 mins. The samples were then
washed twice as described ahove and cell petiets resuspended in 500 wl PBS/Z%FBRS with
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5ug/mi. pmpidii:m todide (Sigma, Cat no: P4864). Fluorescent staining of cells was
analysed on a Beckman Coulter Cell Lab Quanta flow cytometer and data was processed
using WinM{DI.

The results are indicated in Figure 8, and show that Compound 170 staining of
tramsrnembrane TNF-a-cxpressing NSO 27D4 cells (solid biack line) shows hi gher
[uorescence intensity than irrelovant specificity isotype-matched control ( grey {1},

Creation of high Compound 170-expressing cell lines

Stable cell tines of CHOKISV expressing Compound 170 (SEQ ID No:11) were created
using the expression vector described in the Materials and Methods. Brictly 1 x 107 cells
inlogarithmic growth phasé were clectroporated in glutamine-frec CDCHO protein-free
media in the presence of 40 pg of linearised plasmid DNA. 24 hours post-transfection a
selective pressure of 50 pM meabiéilmﬁ-su!ptluxﬁniue (Sigrﬁa) was applied and resigtant
cells were aliowed 10 form colonies in 96 well plaies. When approaching confluence,
s'ingjc calonics were transforred ta 24 well plates, T25 and then T75 flusks, Once over
confluent in T75 Nasks celf fines were progressed to cuitum in E125 Erlenmeyer (lasks and
adapted to suspension growth over 6 subcultures. Once adabted to suspension growik cell

fines were cryopreserved in a freeze mix of 92.5% CDCHO media:7.5% DMSO.

Whilst cell lines were being expanded through the diferent well and [lask sizes, o number -
ol productivity assessments were performed in parallel 1o the progress of the cell lines to
the next stage. Thus at the 24 well plaic and E125 Erlenmeyer flask slages procuctivity
assessments were porformed. In cach case cells were allowed to grow for 14 days and
supernalants cvaluated by the TNF ELISA method deserdbed in Example 1 for levels of
Compound 170, Cell lines were ranked on the productivity and the highest 10 were
sclected for evaluation in a proprietary fed-batch prodﬁclivity assessment at Lonza
Biologics. Productivitics obtained were between 700 mg/L and 3371 mg/L. A laud cell
line with a productivity of 2724 mg/L. was seleeted for evaluation in 10L laboratory scale

fermeniers,

Four scparate 0L laboratory scale fermenters were run over 15 days with the lead ccll line
and a proprietary generic fed batch process based on the protein-free CDCHO media. The

resulting mean productivity of the 4 fermentations was 4851 mp/i. with the highest
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productivity being 4925 mg/L (the highest reported level of productivity previously
reported by Lonca Biologics for a non clonal cell line in a 15 day fermentation is 3560
mg/L). The 10 L laboratory-scale fermenters used were desigued to mimic the
ferinentation conditions found in lurger scade fermenters up to 2000 1., hence the lead cell
line i expected 1o be suitable for commercial scale manufacture. Indeed similar

expression levels were observed in a 200 L fermenter.

Product harvested from Lhe 4 x 10 L fermentations of the lead cell line expressing
Compound 170 (SEQ ID No: 1) was purified hy Protein A affinity chromatography and
analysed by SDS PAGE under both reducing and non-reducing conditions. As shown in
Figﬁre 11, Compound 170 is expressed as a monomer of approximately 90 kDa. This
monomer is composed of 2 subunils of approximarely 40 kDa which are apparent in Figure
12 when the SDS PAGE is run under recucing conditions. Since SDS PAGE is not
suitable for exact sizing of proleins [urther analysis of the Compound 170 monomer has
been performed. ESI-MS (clectronspray ionisation mass spectrometry) has sized the
Compound L70 monamer at 78.739 kDa. This is in agreement with the predicted
molecutar weight of 2 subunits (2 x 38,058 = 76,116 kDa) each Of which also carry a bis

anteary core fucesylated glycan sugar streuture.
Long serum half-life in non-haman primates

Compound 170 (SEQ ID No:11) was administered subcutancously to cynomolgus
monkeys at doses 0f 0.5, 5 and 50 mg/kg,' and blood samples were taken at 0.5, 1, 2, 6 and
24 hours then at 1 day, 2, 4, 7, 10 and 14 days. Aunalysis of these samples for guantitation
of Compound 170 levels was performed using the anti-TNF ELISA method deseribed in
Example 1. Elmination half-life was determined by analysis of the levels of Compound
170 in these samples. At 0.5 mg/Kg an elimivation half-life of 110.5 + 13.9 hours was
caloulated. At 5 mg/Kyg und 50 mg/Kg climination half-lives of 110.9 # 10,4 and 103..5 +

11.5 hours were calculsted.

Wiien Compound (70 was administered by ntravenous route at 30 mgiiKg biond samnpies
were taken at 10, 30 and 60 minutes, 4 and 24 hours, 2, 4, 7, 10 and 14 days. Analysis of
these samples for quantitation of Compound 170 levels was performed using the anti-TNF

ELISA methed described in Example 1. Elimination half-life was determined by analysis
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of the levels of Compound 170 in these samples. Following S0 mg/Rg intravenous

administration an oliminution half-tife of 109.6 + 10.7 haurs was calculated.

Favorable Safety Profile

Compound 170 (SEQ 1D Ne: 11) manufactured to GMP standards was evaluated in animal

safety and toxicology studies.
Single dase safety

Different monkeys administered single doses of Compound 170 at 0.5, 5 and 50 mg/kg by
subcutaneous or intravenous roule of administration showed 1o effects refated to their
trcatment with Compound 170, In these studies microscopic examination of a range of

organs was underiaken and no elflects were observed,
Lscaluting dose and repeat dose safety

Starling with a dose of 0.5 mg/kg given either subcutaneously or intravenonsly escalating
doses up 10 50 mg/kg were administeged Lo cynomolgus monkeys every 7 days. Animals
were assessed for a wide range of physiological and behavioural pavameters including
haematology, clinical ¢chemisiry, body and organ weight and macroscopic inspection of
organs following necropsy. Throughout these studies no adverse reactions to e treatment
with Compound 170 wete reported. Tollowing the conclusion of the dose escalation phase
of studies those animals which rcceived the escalating dose subcutaneously were
administered with a further 4 doses of 50 mg/kg over a further 4 week period. Again no
elfects, across the wide range of parameters, related to the ticatmerit with Compound 170

were observed.
Curdiovascular safety

The cerdiovascular safety of Compounnd 170 at 50 mg/kg was evaluated in cynomolgus
monkeys fitted with radio-tclemetry monitors, These monitors repoit a range of
respiratory and cardiovascular paramecters directly from the conscious monkeys,
Following dosing with Compound 170 no adverse treatmentorelated clinical observations

were repotted,
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Bacterial Expression

Compound 170 (SEQ 1D No:11) in preceding examples was produced in mammalian
expression systems. Functional Compound 170 was also produced using a bacterial

CcRpression system.

The amino acid sequence for Compound 170 minus the signal sequence was back-

translated and optimized by GeneOptimizer™ for & coli expression and synthesized de

“novo at GeneArt Gmbld, The syathesized gene was subcloned into the pBAD gITl / His-

lagged expression vector (Invitrogen) via Neol and HindIil restriction sites {Roche)
gencrating a vector ready for baclerial expression. TOP10 cells (Iavitrogen) were
transformed with the vector by the heat shock method and glycerol stocks of single
colonies generated. Induction conditions were 0.0029% arabinose (Sigma; final
concentration) and 4 hr induction period. Compound 170 protein sumples were generated
using the osmotic shock method as detailed in the pBAT bacterial cxpression system
munual (Invitrogen). The BCA assay (Pictce) was used to determine the total protein
cotcentration of the samples. Bacterially-expressed Compound 170 was assayed for

binding to TNF-a in an ELISA as described in Example 1.

Figure 9 shows that Compound 170 produced in a bacterial system retained binding to
TNF-a in an ELISA assay.

‘The DNA sequence for bacterial expression of Compound 170 is as follows:

ATGGCGAGCACCCATATTCAGATGACCCAGAGCCCCAGCAGCCTGAGCGCGAGCATGEET
GATCGETGTGACCATTACCTGCCETGCGAGC CAGGCCAT TIGATAGCTATCTGCATTGETAT
CAGCAGAAACCGGGCAARGCGCCOAARCTGCTGAT T TATAGCGCGAGCAACCTRGARACT
GGCGTGCCGAGCCOTTTTAGUGGCAGCGGTAGCGGCACCEATTTTACCCTGACCATTAGC
AGCCTGCTGCCGGAAGATTTTGCGACCTATTATTGCCAGCAGGTGGTGTGGCGTCCGTTT
ACCTTTGEGCCAGGGCACCAAAGTGEAAATTARACGCETGGAACCGAARAGCAGCGATAAA
ACCCACALGTGCCCGUCGTGTCCGECECCGEARC TECTEGOTCCCCUGAGCOTOTTTOTG
TTTCCGCCGAAACQGAARGATACCCTGATGATTAGCOGTACCUCCGRRGTEACCTCOCTC
GTGGTGEATGTCAGCCATCAAGATCCGGARGTGAAATTCAACTGGTATGTOCATGRCETE
GRAGTGCATAACGCGAARACCAAACCGCGTGAAGAACAGTATAACAGC ACCTATCETOTG
GTGAGCGTGCTGACCETGCTCCATCAGCAT TGGCTCAACGEC ARACAATACAAATGCAAR
GTGETCTARCARAGCGUTGCCEGCOCCGATTGAAAAAACCATCAGCARAAGCGAAAGECCAG
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CCGCOTGAACCGUAGETEGTATACCCTGCCGCCGAGCCETGATGAM TGACCAMARACCAG
GTGAGCCTGACCTGLCTCETGARAGGCTTTTATCCGAGCEATATTGCCGTGGAATGGGAA
AGCAACGGCCAGCCGGAAAACAACTATAAAACCACCCCGCCGGTGCTGGATAGCGATGGC
AGCTTTTTCCTGTATAGCARACTGACCGTGGATAARAGCCGITGECAGCAGAGCAACGTG
TTTAGCTGCAGCGTGATGCATGAAGCGCTGCATAACCATTATACCCAGAAAAGCCTGAGC
CTGAGCCCGGATAMAGCEGCEGCE
(SEQ ID No:61)

The amino acid sequence encoded by SEQ ID No:61 is as follows:

MASTDIQMTOSPSELSASVGEDRVIITCRASQAIDSY LHWYQQKPGKAPKLLIYSASNLET
GVPSRFSGSCSCTDFTLTISSLLPEDFATYYCOQVVWR PETFGOGTKVEIKRVEPKSSDK

CTHTCPPCPAPELLGGPSVFLFRPPKPKDTLMISRTRPEVTCVVVDVSHEDPEVEKFNWY VDGV

EVHNAKTKPREEQYNSTY?VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ
PREPQVYTLPPSRDELIRKNQVSLACLVEGFY PSDIAVEWESNGQPENNYKTTPRVLDSDG
SEFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTQKSLSLS PGRAAAVDHHBHER

(SEQ D NO:62)
In vivo efficacy of Compound I70 in a human TNF-mediated rmurine arthritis model

The human TNF transgenic mouse lae, Tgl97, shows deregutated TNF expression and
develops chronic inflammatory polyarthritis (Keffer, . et. al. {1691) Transgenic mice
gxpressing human tumor necrosts factor: a predictive genetic maodel of anthiritis, EMBO
Journal 10:4025-31). Administration of Compound 170 (SEQ ID No:11) prevented the
development of avthritis und associaied weight loss in these mice (Figure 10A & B).
Groups of 8 heterozygous 'rng (each containing 4 males and 4 fomales) were treated
with twice weekly intraperitoneal injections of Conipound 170 and irrelevant spedificity
control human [gG) (palivizumab {Synagis®}, Medimmune/Abbott) in PBS, both at 10
mgikg, Treatment comnienced when mice were 3 wocks of age. At weekl y intervaly, mice
were weighed and scored (artheitic score) based on macroscopic ankle morphology

{swelling, distortion and degree of movement),
Substitution of Cys at position 114 in Compound 112 resulty in increased protein
expression

Compound 112 (SEQ ID No: 59} is a modification of Compound 170 (SEQ 1D Ne:11)
which contains a cysteine residuc at position 114 instead of a serine residue which is
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present in this position in Compound 170, The effect of substituting cysteine 114 for
serine on protein expression was evaluated by comparison with Comgpound 179, Multiple
cultures of host cells transfected with genc constiucts for Compound 112 and 170 were
assayed for protein expression by ELISA with solid phase TNF as set out in Materials and
Methods, The results are set out in Figure 11,

It will he appreciated by persons skilled in the art that mumerows variations and/oy
modifications may be made to the fnvention as shown in the specilic embodiments without
departing [rom the spirit or scope of (he invention as broadly described. The present
embodiments arc, therefore, to be cunsidered in all respects as ilustrative and not
restrictive, '
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CLAIMS

1. A domain antibody construct which binds to human TNF-q, the construct comprising:
(a} a domain antibody (dAb) which binds to human TNF-a;
(b) a modified hinge region sequence;
(c) a human or primate heavy chain constant region sequence having a truncated
Cul domain of not more than 20 residues,
wherein said modified hinge region sequence contains either a deletion or a single amino
acid substitution of at least one cysteine residue which normally facilitates disulfide bond

formation between heavy and light antibody chains.

2. The domain antibody construct according to claim 1 wherein the human or primate heavy
chain constant region sequence having a truncated Cyl domain comprises not more than 10

residues.

3. The domain antibody construct according to claim 2 wherein the human or primate heavy
chain constant region sequence having a truncated Cyl domain comprises not more than 5

residues.

4, The domain antibody construct according to claim 3 wherein the human or primate heavy
chain constant region sequence having a truncated C;;1 domain comprises not more than a single

residue,

5. The domain antibody construct according to any one of claims 1 to 4 wherein the
sequence of the Cyl domain and the hinge region is XEPKSZDKTHTCPPCPA (SEQ ID No:64)

wherein X is valine, leucine or isoleucine and Z is absent or an amino acid other than cysteine.

6. The domain antibody construct according to claim 5 wherein X is valine and Z is serine.

7. The domain antibody construct according to any one of claims 1 to 6 wherein the dAb
comprises an immunoglobulin heavy or Hght chain variable domain, wherein said variable
domain comprises at least one complementarity determining region (CDR) having a sequence
derived from a New World primate wherein the CDR is selected from the group consisting of
AATKLQS (SEQ ID No:1), EASSLQS (SEQ ID No:2), EASKLQS (SEQ ID No:3), and
SASNLET (SEQ ID No:4).
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8. The domain antibody construct according to claim 7 wherein the CDR is CDR2.

9. The domain antibody construct according to any one of claims 1 to 8 wherein the domain

antibody has a sequence selected from the group consisting oft

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGK APKLLIYSASNLETG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVVWRPFIFGQGTKVEIKR
(SEQ ID No:7);

DIQMTQSPSSLSASVGDRVTIICRASQAIDSYLHWYQQKPGKAPKLLIYSASNLET
GVPSRFSGSGSGTDFILTISSLQPEDFATYYCQQVVWRPFTFGQGTKVEIKR
(SEQ ID No:8);

DIOMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQOQKPGKAPKLLIYSASNLETG
VPSRFSGSGSGTDFTLTISSLLPEDFATYYCQQVVWRPFIFGQGTKVEIKR
(SEQ ID No:9);

DIOMTQSPSSLSASVGDRVTITCRASQAIDSYLHWYQQKPGKAPKLLIYSASNLET
GVPSRFSGSGSGTDFTLTISSLLPEDFATYYCQQVVWRPFTFGQGTKVEIKR
(SEQ ID No:10);

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKPPKLLIYSASNLETG
VPSRESGSGSGTDFTLTISSLOPEDFATYYCQQVVWRPFTFGQGTKVEIKR
(SEQ ID No:52);

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG
VPSRFSGRGSGTDFTLTISSLQPEDFATYYCQQVVWRPFTEGQGTKVEIKR
(SEQ ID No:53);

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQOQKPGKAPKLLIYSASNLETG
VPSRFSGSGSGTDFTLTISSLVPEDFATY YCQQVVWRPFTFGQGTKVEIKR

(SRQ ID No:54); and

a sequence at least 95% identical to one of these sequences.



10

15

20

25

30

35

44

10. The domain antibody construct according to any one of claims 1 to 9 wherein the
cysteine residue within the hinge region which normally facilitates disulfide bond formation

between heavy and light antibody chains is substituted with a serine residue.

11. The domain antibody construct according to any one of claims 1 to 10 wherein the hinge

region comprises the sequence EPKSSDKTHTCPPCPA (SEQ 1D No:12).

12, The domain antibody construct according to any one of claims [ to 11 wherein the
constant region comprises Cy2 and Cy3 domains at least 60% identical to the sequence set forth

in SEQ ID No:63.

13, The domain antibody construct according to claim 12 wherein the Cy2 and Cy3 domains

are at least 80% identical to the sequence set forth in SEQ ID No:63.

14, The domain antibody construct according to claim 13 wherein the Cy2 and Cy3 domains

are at least 90% identical to the sequence set forth in SEQ ID No:63.

is. The domain antibody construct according to claim 14 wherein the Cy2 and C;;3 domains

are at least 95% identical to the sequence set forth in SEQ ID No:63.

16, The domain antibody construct according to claim 15 wherein the Cy2 and Cyg3 domains

are at least 96% identical to the sequence set forth in SEQ ID No:63.

17. The domain antibody construct according to claim 16 wherein the Cy2 and Cy3 domains

are at least 97% identical to the sequence set forth in SEQ ID No:63.

18. The domain antibody construct according to claim 17 wherein the Cy2 and Cy3 domains

are at least 98% identical to the sequence set forth in SEQ ID No:63.

19. The domain antibody construct according to claim 18 wherein the Cy2 and Cy3 domains

are at least 99% identical to the sequence set forth in SEQ 1D No:63.

20. The domain antibody construct according to any one of claims 1 to 19 wherein CDR1,

CDR3 or at least one framework region is modified to improve antigen binding.
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21. The domain antibody construct according to any one of claims [ to 20 wherein the amino

acid sequence is at least 60% identical to the sequence set forth in SEQ ID No:11,

22, The domain antibody construct according to claim 21 wherein the amino acid sequence is

at least 80% identical to the sequence set forth in SEQ ID No:11.

23. The domain antibody construct according to claim 22 wherein the amino acid sequence is

at least 90% identical to the sequence set forth in SEQ ID No:11,

24, The domain antibody construct according to claim 23 wherein the amino acid sequence is

at least 95% identical to the sequence set forth in SEQ ID No:11.

25. The domain antibody construct according to claim 24 wherein the amino acid sequence is

at least 96% identical to the sequence set forth in SEQ ID No:11.

26. The domain antibody construct according to claim 25 wherein the amino acid sequence is

at least 97% identical to the sequence set forth in SEQ ID No:11.

27, The domain antibody construct according to claim 26 wherein the amino acid sequence is

at least 98% identical to the sequence set forth in SEQ ID No:11.

28. The domain antibody construct according to claim 27 wherein the amino acid sequence is

at least 99% identical to the sequence set forth in SEQ ID NO:11,

29, The domain antibody construct according to claim 28 wherein the amino acid sequence is

identical to the sequence set forth in SEQ ID No:11.

30. The domain antibody construct according to any one of claims 1 to 29 wherein the

domain antibody has low immunogenicity in humans.

31 A dimeric domain antibody construct which binds to human TNF-a wherein the dimer

consists of two domain antibody constructs according to any one of claims 1 to 30.
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32. The dimeric domain antibody construct according to claim 31 wherein the dimeric

domain antibody construct is a homodimer.

33. The dimeric domain antibody construct according to claim 32 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 60% identical to the sequence set forth in SEQ ID No:11.

34. The dimeric domain antibody construct according to claim 33 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 80% identical to the sequence set forth in SEQ ID No:11.

3s. The dimeric domain antibody construct according to claim 34 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 90% identical to the sequence set forth in SEQ ID No:11.

36, The dimeric domain antibody construct according to claim 35 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 95% identical to the sequence set forth in SEQ ID No:11.

37. The dimeric domain antibody construct according to claim 36 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 96% identical to the sequence set forth in SEQ ID No:11.

38. The djmeric domain antibody construct according to claim 37 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 97% identical to the sequence set forth in SEQ ID No:11.

39. The dimeric domain antibody construct according to claim 38 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 98% identical to the sequence set forth in SEQ ID No:11.

40. The dimeric domain antibody construct according to claim 39 wherein the domain
antibody constructs making up the homodimer comprises an amino acid sequence which is at

least 99% identical to the sequence set forth in SEQ ID No:11.
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41, The dimeric domain antibody construct according to claim 40 wherein the domain
antibody constructs making up the homodimer comprises the amino acid sequence set forth in
SEQ ID No:l1l.

42. An isolated nucleic acid molecule encoding a domain antibody construct according to any

one of claims 1 to 30,

43, An isolated nucleic acid molecule comprising a nucleic acid sequence encoding a domain
antibody construct which binds human TNF-¢, wherein the nucleic acid sequence is at least 60%

identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:5t.

44, The isolated nucleic acid molecule according to claim 43 wherein the nucleic acid

sequence is at least 80% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

45, The isolated nucleic acid molecule according to claim 44 wherein the nucleic acid

sequence is at least 90% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

46. The isolated nucleic acid molecule according to claim 45 wherein the nucleic acid

sequence is at least 95% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

47. The isolated nucleic acid molecule according to claim 46 wherein the nucleic acid

sequence is at least 96% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

48, The isolated nucleic acid molecule according to claim 47 wherein the nucleic acid

sequence is at least 97% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

49, The isolated nucleic acid molecule according to claim 48 wherein the nucleic acid

sequence is at least 98% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

50. The isolated nucleic acid molecule according to claim 49 wherein the nucleic acid

sequence is at least 99% identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.

51. 'The isolated nucleic acid molecule according to claim 50 wherein the nucleic acid

sequence is identical to the sequence set forth in SEQ ID No:50 or SEQ ID No:51.
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52. An isolated nucleic acid molecule comprising a nucleic acid sequence encoding a domain
antibody construct which binds human TNF-a, wherein the nucleic acid sequence hybridises
under conditions of high stringency to the nucleotide set forth in SEQ ID No:50 or SEQ ID
No:51.

53, A pharmaceutical composition comprising an effective amount of a domain antibody
construct according to any one of claims 1 to 30, together with a pharmaceutically acceptable

carrier or diluent.

54, A pharmaceutical composition comprising an effective amount of a dimeric domain
antibody construct according to any one of claims 31 to 41, together with a pharmaceutically

acceptable carrier or diluent.

55, A method for detecting human TNF-o in a sample comprising contacting the sample with
an effective amount of a domain antibody construct according to any one of claims 1 to 41 and

detecting the amount of bound domain antiboedy construct.

56. The method according to claim 55 wherein the sample is a biological sample.

57. Use of an effective amount of a pharmaceutical composition of claim 55 or claim 56, in
the preparation of a medicament for treating a disorder characterized by human TNF-¢ activity in

a subject in need of such treatment.

58. Use of claim 57 wherein the disorder characterized by human TNF-a activity is selected
from the group consisting of inflammation, inflammatory diseases, sepsis, including septic shock,
endotoxic shock, gram negative sepsis and toxic shock syndrome; autoimmune disease, including
rheumatoid arthritis, juvenile arthritis, rheumatoid spondylitis, ankylosing spondylitis, Sjogren's
syndrome, osteoarthritis and gouty arthritis, allergy, multiple sclerosis, autoimmune diabetes,
autoimmune uveitis, psoriasis, pemphigoid and nephrotic syndrome; inflammatory conditions of
the eye, including macular degeneration, uveitis, Behcet's disease, infectious disease, including
fever and myalgias due to infection and cachexia secondary to infection; graft versus host disease;
tumour growth or metastasis, hematologic malignancies; pulmonary disorders including asthma,
adult respiratory distress syndrome, shock lung, chronic pulmonary inflammatory disease,
pulmonary sarcoidosis, pulmonary fibrosis and silicosis; inflammatory bowel disorders including

Crohn's disease and ulcerative colitis; cardiac disorders, congestive heart failure; vascular



10

49

disorders including Wegener's disease, giant cell arteritis; inflammatory bone disorders, central
nervous system disorders such as Alzheimer's disease; peripheral nervous system disorders such
as sciatica, hepatitis, coagulation disturbances, burns, reperfusion injury, endometrosis, keloid

formation and scar tissue formation.

59. Use of claim 57 or claim 58 wherein the disorder characterized by human TNF-q activity

is an angiogenesis-related ocular disorder,

60. Use of claim 59 wherein the angiogenesis-related ocular disorder is age-related macular

degeneration.



<110>

<120>
<130>

<140>
<]141>

<150>
<151>

<160>
<170>
<210>
<211>

«<212>
<213>

SEQUENCE LISTING

pOYLE, Anthony G.
WOQLVEN, Benjamin P.
TOMLINSON, Ian M.
LEE, Jennifer A.
JENNINGS, Philip A.

DOMAIN ANTIBODY CONSTRUCT
529282002500

us 11/670,261
2007-02-01

us 60/817,507
2006-06-28

68 .
rastseQ for windows version 4.0

1

7

PRT

AQTUS Trivirgatus

<400> 1

1

<210>
<211>
<21Z2>
<213>

<400>
1
<210>
<211>
<212>
<Z213>
<400>
1
<210>
<211l>
<212>
<213>

<400>

ala Ala Thr Lys Leu GIn ser
5

2

7

PRT

Aotus trivirgatus

2

Glu Ala Ser Ser Leu Gln Ser
5

3
7

PRT . ]
callithrix, species unknown

3

Glu Ala Ser Lys Leu GIn ser
3

4
7

PRT . . )
catlithrix, species unknown

4

ser Ala Ser Asn Leu Glu Thr
1 5

<210>
<211>
<212>
<213>

5

108

PRT

Aartificial Seauence



<220> _
<223> synthesized construct

<400> 5
asp Ile Gln Met T?r GIn Ser
i

Asp Arg val Tgr Ile Thr Cys
2

Leu His ggp Tyr GIn GIn Lys

Tyr Ser Ala Ser Glu Leu GlIn

50 53

ser Gly ser Gly Thr Asp Phe

63 70

G1u Asp Phe ala g?r Tyr Tyr

Thr phe Gly Gln Gly Thr Lys
100

<210> 6

<211> 324

<212> DNA

<213> Artificial Sequence

<220> )

<223> synthesized construct

<400> 6

gacatccaga tgacccagtc

atcacttgce gggcaagtca

gggaaagccc ctaagctect

cgtttcagtg gcagtggatc

gaagattttg ctacgtacta

gygaccaagg tggaaatcaa acgg

<210> 7

<211> 108

<212> PRT .

<213> Artificial Sequence

<220> _

<223> synthesized construct

<400> 7

asp Ile GlIn Mmet Thr Gln Ser

1 5

Asp Arg val ;Br Iie Thr Cys

Leu His ggp Tyr GIn GIn Lys

Tyr Ser Ala Ser Asn Leu Glu

50 55

ser Gly ser Gly Thr Asp Phe

65 70

Glu Asp Phe Ala g?r TYr Tyr

Thr Phe Gly GIn Gly Thr Lys
100

<210> &

<211> 108

<212> PRT

<213> Artificial Sequence

<220>

Pro
Arg
Pro
40

Ser
Thr
Cys
val

Pro
Arg
Pro
40

Thr
Thr
Cys

val

ser
Ala
25

Gly
Gly
Leu
Gin

Glu
165

Ser
Ala
Gly
Gly
Leu
Glin

Glu
105

Ser
10

ser
Lys
val
Thr
Gin

20
ITe

ser
10

ser
Lys
val
Thr
Gin

Ile

Leu
G1n
Ala
Pro
Ile
val

LYS

tccatectct ctgtctgeat
gagcattgat agttatttac
gatctratagt gcatccgagt
tgggacagat ttcactctca
ctgtcaacag gttgtgtggc

Leu
Gin
Ala
Pro
ile
val

Lys

ser
Ser
Pro
Sar
60

Sar
val

Arg

ala
Ile
Lys
45

Arg
Ser

Trp

Ser
ASp
30

[Leu
pPhe
Leu

Arg

val
15

Ser
Leu
Ser
Gln

Pro
93

Gly
Tyr
ITe
Gly
Pro

80
Phe

ctgtaggaga ccgtgtcacc 60
attggtacca gcagaaacca 120
tgcaaagtgg ggtcccatca 180

ccarcagcag tctrgeaacct
gtccttttac gttcggecaa

Ser
Ser
Pro
Ser
60

Ser
val

Arg

Ala
ITe
Lys
45

Arg
ser

Trp

sar
Asp
30

Ley
Phe
Leuy

Arg

val
15

ser
Leu
Ser
GIn

Pro
95

Gly
TYyr
Iile
Gly
Pro

80
rPhe

240
300
324



<223> Synthesized construct

<400> 8

ASDP
1
ASD
Leu
TYyr
Ser
65
Glu

Thr

Ile
Arg
His
Ser
50

Gly
Asp
Phe

<210> 9
<211> 108
<212> PRT

<213>

<220>

<223>

<400> 9
Tle G1n Met Thr Gln
5

ASD
1
Asp
Leu
TYr
ser
65
Glu

Thr

Arg
His
Ser
50

Gly
ASp

Phe

<210> 10
<211> 108
<212> PRT |
<213> artificial Sequence

«<220>

<223>

<400> 10

AsSp
1
Asp
Leu
Tyr
Ser
65
Glu

Thr

Ile
Arg
His
Ser
50

Gly
Asp

Phe

Gln
val
Trp
35

Ala
Ser
Phe

Gly

val
Trp
35

Ala
ser
Phe

Gly

Gln
val
Trp
35

Ala
ser
rhe

Gly

Met
Thr
20

Tyr
Ser
Gly
Ala

G1In
100

Thr
20

Tyr
ser
Gly
Ala

GIn
100

Met
Thr
20

Tyr
Ser
Gly
Ala

Gln
100

Thr
5
Ie
Gln
Asn
Thr
Thr

85
Gly

Ile
Gin
Asn
Thr
Thr

85
Gly

Thr
5
Ile
GIn
Asn
Thr
Thr

85
Gly

Gln
Thr
Gln
Leu
Asp
70

Tyr
Thr

Thr
Gin
Leu
ASP
70

TYr

Thr

Gln
Thr
Gin
Leu
ASp
70

Tyr
Thr

Ser
Cys
LYS
Glu
55

phe
Tyr

Lys

artificial Sequence

synthesized construct

Ser
Ccys
Lys
Glu
55

Fhe
TYr

LYS

synthesized construct

ser
Cys
Lys
Glu
55

Phe
Tyr
LyS

Pro
Arg
Pro
Thr
Thr
Cys
val

Pro
Arg
Pro
40

Thr
Thr
cys

val

Pro
Arg
Pro

40
Thr

Thr

Cys
val

ser
Ala
Gly
Gly
Leu
Gln

Glu
105

Ser
Ala
25

Gly
Gly
Leu
Gln

Giu
105

Ser
Ala
25

Gly
Gly
Leu
GIn

Glu
105

ser
10

sar
LYyS
val
Thr
Gin

Ile

Ser
10

Sar
LYS
val
Thr
Gin

Ile

Ser
10

Ser
LyS
val
Thr
GlIn

a0
Ile

Leu
Gln
Ala
Pro
Ile
val

Lys

Leu
GlIn
Ala
Pro
Ile
val

Lys

Leu
GIn
Ala
Pro
Ile
75

val

Lys

ser
Ala
Pro
ser
60

ser
val

Arg

Ser
Ser
Pro
Ser
60

ser
val

Arg

Ser
Ala
Pro
ser
60

Ser
val

Arg

Ala
Ile
Lys
45

Arg
ser

Trp

Ala
Ile
Lys
45

Arg
Ser

Trp

Ala
Ile
LYyS
45

Arg
Ser

Trp

Ser
Asp
30

Leu
Phe
Leu

Arg

ser
ASp
30

Leu
Phe
Leu

Arg

ser
ASp
30

Leu
Phe
Leu

Arg

val
15

Ser
[Leu
Ser
Gin

Pro
95

val
15

Ser
l.eu
ser
Leu

Pro
95

val
15

ser
Leu
Ser
Lelt

Pro
95

Gly
Tyr
Ile
Gly
Pro

80
Phe

Gly
Tyr
ITe
Gly
Pro

Phe

Gly
Tyr
Ile
Gly
Pro

Phe



<210> 1l

<211> 341

«212> PRT
<213> artificial seguence

<220> '
<223> Synthesized construct

<400> 11

ASp
1

ASD
[.eu
Ty
Sear
65

G'lu
Thr
Ser
Leu
Leu
145
Sar
Glu
Thr
AsSn
Pro
225
Gln
val
val
Pro
Thr
305
val

Leu

<210>
<211>
<212>
<213>

Ile
Arg
His
ser
50

Gly
AsSp
Phe
ser
Gly
130
Met
His
val
Tyr

Gly
210

Ile
val
Ser
Glu
Pro
290
val
Met

Ser

<220>

<223>

<220>

<221>
<222> 5
<223>

12
16
PRT
Artificial Seguence

Gin
val
Trp
35
Ala
ser
Phe
Gly
ASP
115
Gly
Ile
Glu
His
Arg
195
LYS
Glu
Tyr
Leu
Trp
275
val
ASp
His

Pro

Met
Thr
20

Tyr
ser
Gly
Ala
Gln
100
LyS
Pro
Ser
Asp
Asnh
180
val

Glu

Lys
Thr
Thr
260
Glu
Ley
Lys
Gtu

Gly
340

VARIANT

Thr
5
ile
Gin
Asn
Thr
Thr
85
Gly
Thr
Sar
Arg
Pro
165
Ala
vatl

Tyr

Thr
Leu
245
Cys
ser
ASp
Ser
Ala

325
LysS

G1in
Thr
G1n
Leu
Asp
70

Tyr
Thr
His
val
Thr
150
Glu
Lys
Ser
Lys
ITe
230
Pro
lLeu
Asn
ser
Arg

310
Leu

Sar
Cys
LyS
Glu
55

Phe
Tyr
Lys
Thr
rhe
135
Pro
val
Thr
val

Cys
215

ser
Pro
val
Gly
AS

295
Trp

His

synthesized construct

Pro
Arg
Pro
Thr
Thr
Cys
val
Cys
120
Leu
Glu
Lys
LyS
Leu
200
Lys
LyS
ser
Lys

Gln
280

p Gly

GIn

Asn

Ser
Ala
25

Gly
Gly
Leu
Gin
Glu
105
Pro
rhe
val
Phe
Pro
185
Thr

val

Ala
Arg
Gly
265
Pro
ser
Gin

His

ser
10

ser
Lys
val
tThr
Glin
a0

Ile
Pro
Pro
Thr
Asn
170
Arg
val

ser

LyS
Asp
250
Phe
Glu
Phe
Gly

Tyr
330

Leu
Gin
Ala
Pro
Ile
75

val
Lys
Cys
Pro
Cys
155
Trp
Glu
L.eu
Asn
Gly
235
Glu
Tyr
Asn
Phe
Asn

315
Thr

4

Sear
Ala
Pro
Ser
60

ser
val
Arg
Pro
Lys
140
vai
Tyr
Glu
His

Lys
220

Gln
Leu
Pro
Asn
Leu
300
val

GIn

Ala
Ile
Lys
45

Arg
sSar
Trp
val
ala
125
Pro
val
val
Glin
GIn
205
Ala
Pro
Thr
ser
Tyr
285
Tyr
Phe

Lys

ser
Asp
30

Leu
Phe
L.eu
Arg
Glu
110
Pro
Lys
val
ASp
TYr
190
AsD

Leu

Arg
LYyS
As

270
Lys
Ser
Ser

Ser

In this sequence, the Cys which normally occurs at

val
is

Ser
L.eu
Ser
Leu
Pro
95

Pro
Glu
ASD
Asp
Gly
175
ASn
Trp

Pro

Glu

Asn
255

p Ile

Thr
LYsS
Cys

Leu
335

Gly
Tyr
Ie
Gly
Pro
80

Phe
Lys
Leu
Thr
val
160
val
Ser
Leu
Ala
Pro
240
G1n
Ala
Thr
Leu
ser

320
Ser



position 5 is replaced by the Ser residue.

<400> 12
1
13

18
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 13

cTu Pro Lys Ser Ser Asp Lys
5

aatckcaggt kccagatg

14
18
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 14

gttyrggtkk gtaacact

15
18
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 15

atgmcttgtw acactgty

<210> 16

<211> 267
<212> DNA
<213>

<400> 16

gacatccaga
atcacttgec
gggacagtcc
aggttcagey
gaagatgctg

<210> 17

<211 267
<Z212> DNA
<213>

<400> 17

gacatccaga
atcacttrgct
gggaaagccc
aggttcagtg
gaagatattyg

«210> 18
<211> 267
<212> DNA
<213>

tgaccragtc
gggcgagtca
ctaagccecct
gcagtggatc
caacttatta

tgatccagtc
gggcaagtca
ctaagctcct
gaagtggatc
caacatatta

artificial Ssequence

synthesized construct

artificial Seguence

synthesized construct

Aartificial Sequence

synthesized construct

callithrix, species unknown

tccatettee ctgactgcat
ggacattaac aagtggttag
gatctatgag gcatccaaat
fgggacatat tttactctca
ctgtcag

callithrix, species unkwown

tccatcctec ctgtetgeat
gggtattagc cactggttag
gatctatagt gcatcaaatt
caggacagat tttactctca
ctgtcaa

callithrix, species unkwown

ctgtagygagyg
cctggtatca
tgcaaagtgg
ccatcagcag

ctgtaggaga
cectggtatca
tagaaacagg
ccatcagcag

Thr His Thr Cys Pro Pro Cys Pro Ala
10 13

caaagtcacc
gcagaaacca
ggtcccatca
cctgcagcect

cagagtcacc
gcagaaacca
ggtcccatca
cctgcagect

18

18

18

60

120
180
240
267

60

120
180
240
267



<400> 18

gacatccaga
atcacttgcc
gggaaagccc
agattcagcg
gaagatattg

19
267
DNA

<210>
<211>
<212>

tgacccagac
gggcaagtca
ctaagctcct
gaagtggatc
caacatatta

tccatcctec ctgtctgeat
gggtattagc agctggttag
gatctatggg gcatcaaatt
tgggacagat tttactctca
ctgtcaa

<213> ca'llithrix, species unknown

<400> 19

gacatccaga
atcacttgcet
gggaaagccc
aggttcagtg
gaagatattg

<210> 20

<211> 267
<212> DNA
<213>

<400> 20

gacatccaga
atcactrgcc
gggacagtcc
aggttcagcg
gaagatgctg

<210> 21
<211> 267

<212> DNA
<213>

<400> 21

tgatccagtc
gggcaagtca
ctaagetect
gaagtggatc
caacatatta

tgacccagtc
gggcgtgtca
ctaagccect
gcagtggatc
caacttatta

tccatcctge ctgtetgeat
gggtattagc cactggttad
gatctatagt gcatcazatt
caggacagat tttactctca
ctgtcaa

callithrix, species unknown

tceatcttce ctgactgeat
ggacattaac aagiggttad
gatctatgag gcatccaaat
tgggacatat tttactctca
ctgtcag

caliithrix, species unknown

gacatccaga tgacccagtc tccatcctcc ctgtetgeat
atcacttgcc gggcgagica gggcattagt aattatttag
gggaaaactc ctaggctcct gatctatygct geatceagtt
cgagttcagcy geagtggatc fgggacagac tacactctea
gaagatgttg caatttatta ctgtcaa

<210> 22

<211> 267
<212>
<213>

<400> 22

DNA_ . .
callithrix, species unknown

gacatccaga tgacccagtc tccatcttcc ctgactgeat
atcacttgcc gggcgagtca ggacattaac aagtggttag
gggacagtce ctaagcccct gatctatgag gcatccaaat
aggctcagcg gcagtggatc
gaagatgctg caacttatta ctgtcag

23
267
DNA

<210>
<211>
<212>

tgggacatat ttcactctca

<213> callithrix, species unknown

<400> 23

gacatccaga tgacccagtc tccatcttec ctgactgeat
atcacttgce gggcgagtca ggacattaac aagtggteag
gggacagtcc ctaagcccct gatctatgag gcatccaaat
aggttcageg geagtggatc tgggacatat tttactctca
gaagatgctg caacttatta ctgtcag

6

ctgtaggaga
cetggtatca
tggaaacadgyg
ccatcagcad

ctgtaggaga
cctggtatca
taggaacagg
ccatcagcag

ctgtaggagg
cctggtatca
tgcaaagtgg
ccatcagcag

ctgtaggaga
cctggtatca
tacaaactgg
ccatcageag

ctgtaggagg
cctggtatca
tgcaaagtgg
ccatcagcag

ctgtaggagg
cctggtatca
tgcaaagtgg
ccatcagcag

cagagtcacc
gcagaaacca
ggtcccatca
tcrgeagect

cagagtcacc
gcagaaacca
ggtcccatca
cctgeagect

caaagtcacc
gcagaaacca
ggtcccatca
cctgeagect

cagagttacc
gcagaaacca
gattccctct
cctgeagtct

caaagtcacc
gcagaaacca
ggtcccatca
cctgcagect

caaagtcacc
gcagaaacca
ggtcccatca
cctgcagect

60 .
120

180
240
267

60

120
180
240
267

00

120
180
240
267

60

120
180
240
267

60

120
180
240
267

60

120
180
240
267



<210> 24
<21l> 267

<212> DNA _
<213> callithrix, species unknown

<400> 24
gacatccaga tgacccagtc tccatcttee ctgactgeat ctgtaggagg caaagtcacc 60
gacattaac aagtggttag cctggtatca gcagaaacca 120

gtcacttgcc gggcgagtea g
gggacagtcc ctaageccct gatctatgag gcatccaaat tgcaaagtgg ggtcccatca 180
aggttcagcqg gcagtggatc tgggacatat fttactctca ccatcagcag cctgcagect ggo

7

gaagatgctg caacttatta ctgtcag

<210> 25
<211> 267

<212> DNA_ | _
<213 callithrix, species unknown

<400> 25
gacatccaga tgacccagtc tccatcttcc ctgactgcat ctgtaggagg caaagtcacc 60

_ atcacttgcc gggcgagtca ggacattaac aagtggtiag cctggtatca gcagaaacca 120
gggacagtcc ttaagcccct gatctatgag gcatccaaat tgcaaagigg ggtcccatca 180
aggttcagcg gcagtggatc tgggacatat tttactctca ccatcagcag cctgeageet 240

gaagatgctg caacttatta ctgtcag 267

<210> 26
<211> 267

<212> DNA _
713> callithrix, species unknown

<400> 26
gacatccaga tgacccagtc tccatcttce ctgactgeat ctgtaggagg caaagtcacc 60

atcacttgcc gggegagtca ggacattaac aagtggttag cctggtatca gcagaaacca 120
gggacagtcc ctaagecect gatctatgag gcatccaaat tgcaaagtgg gogtcccatta 180
gcagtggatc tgggacatat tttactctca ccatcageag cctgcageet 240

aggttcagcg

gaagatgctg caacttatta ctgtcag 267

<210> 27

<211> 89

<212> PRT . )

<213» callithrix, species unknown

<400> 27

Aip T1le GIn Met Thr GIn Ser Pro ser isr Leu Thr Ala Ser val Gly

3 15
Ggly Lys val EBP ITe Thr Cys Arg gga Ser Gln Asp Ile Asn Lys Trp
30
Leu Ala ;gp Tyr GIn GIn Lys zgo Gly Thr val Pro zys pro Leu Ile
5

Tyr g%u ala Ser Lys Leu g;n ser Gly val Pro ggr Arg Phe Ser Gly

ser Gly ser Gly Thr Tyr phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

65 70 75 30

GTu asp Aala Ala g?r Tyr Tyr Cys GIn

<210> 28

<211> 89

<212> PRT .

<213> callithrix, species unknown

<400> 28

Asp Ile Gln Met Ige GIn Ser Pro Sser Ssr Leu Ser ala ser val Gly

1 1 15

Asp Arg val ggr Ile Thr Cys Trp SWa Ser GIn Gly Ile ggr His Trp
5

ey Ala ggp Tyr GIn GIn LyS Zgo Gly Lys Ala Pro zys Leu Leu ITe

5

Tyr Ser Ala Ser Asn Leu Glu Thr Gly val pro Ser Arg Phe Ser Gly



50
ser Gly

55
ser arg Thr Asp Phe Thr Leu Thr Ile
70 75

65
Glu Asp Ile Ala g?r Tyr Tyr Cys Gin

29
89
PR

<210>
<211>
<212>
<213>

<400> 29

asp Ile
1

ASp Arg

Leu Ala
Gly
50
Gly

TYTr

ser
65

Glu Asp

<210> 30
<211> 89
<212> PR
<213>

<400> 30
Asp
1

Asp Arg

Leu Ala

Ser
50
Gly

Tyr

ser
63

Glu Asp

<210> 31
<211> 89
<212>
<213>

<400> 31
Asp Ile
1

Gly
ey Ala
Glu

50
Gly

Tyr

ser
65
Glu

<210> 32
<21i> 89

ITe G

Lys val

Asp Ala

T

Thr GTn
5
Ile Thr

G1n Met

val Thr
20

Trp Tyr Gln GIn

35

Ala Ser Asn Leu

ser Gly Thr Asp
70

Ile Ala Thr Tyr
85

T

n Met G1In

Thr Thr
20

Tyr

val

Trp Glin

35

Ala Lau

ser Asn

Thr Asp
70

Tyr

ser Arg

Thr
85

1le Ala

Gln

GIn Met Thr
5

Thr Ile Thr

20

Tyr Gin GIn

Trp
35

Ala Ser Lys Leu

ser Gly Thr Tyr
70

Ala Thr Tyr

85

Thr
Cys
Lys
Glu
55

Phe

Tyr

ser
Cys
Lys
Gly
55

Phe

Tyr

ser
Ccys
Lys
GIn
55

Phe

Tyr

Pra
Arg
Pro
40

Thr
Thr

Cys

Pro
Trp
Pro
40

Thr
Thr

Cys

Pro
Arg
Pro
40

ser
Thr

Cys

callithrix, species unknown

ser
Ala
25

Gly
Gly
ey

GlIn

callithrix, species unknown

ser
Ala
25

Gly
Gly
Leu

Glin

PRT . . .
callithrix, species unknown

Ser
Ala
25

Gly
Gly
Leu

Gln

ser
10

Ser
LYS
val

Thr

Ser
10

ser
LysS
val

Thr

ser
10

Cys
Thr
val

Thr

L.eu
Glin
Ala
Pro

ITe
75

Leu
Gln
Ala
Pro

Ile
75

Lau
Gn
val
Pro

Ile
75

60

ser Ser lLeu GIn

Ser
Gly
Pro
Ser

G0
sSer

ser
Gly
Pro
Ser

60
Ser

Thr
Asp
Pro
Ser

60
ser

Ala
Ile
Lys
45

Arg

ser

Ala
Ile
Lys
45

Arg

Ser

Ala
Ile
LyS
45

Arg

Ser

sSer
Sar
30

Leu
Phe

Leu

Ser
ser
30

Leu
Phe

Leu

ser

Asn

30
Pro

Phe

Leu

val
15

ser
Leu
Ser

Gln

val
15

His
.eu
Sear

Gin

val
15

LysS
Loy
Ser

Gln

Pro
80

Gly
Trp
Ile
Gly

Pro
80

Gly
Trp
Ile
Gly

Pro
80

Gly
Trp
Ile
Gly

Pro
80



<2125 PRT
<213> cal

<400> 32

ASp
1
ASp
Leu
TYr
Ser

65
Glu

Ile Gln

Arg
Ala
Ala
50

Gly

Asp

<210> 33
<211> 89

<212>
<213>

<400> 33

ASD
1
Gly
Leu
Tyr
ser

65
GTu

Ile Gln Met Thr Gln
5

val

Trp

35

Ala

ser

val

PRT i .
callithrix, species unknown

met Thr Gln Ser

5

Thr I1e Thr Cys

20

Tyr GIn Gln Lys

ser Ser Leu GIn

55

Gly Thr Asp Tyr

70

Ala Tle Tyr Tyr

85

Lys val ;hr Iile Thr Cys
0]

Ala Tgp Tyr GIn Gln Lys
3

Glu Aala Sser Lys teu GIn

50

535

Gly ser Gly Thr Tyr Phe

70

asp Ala Ala ghr Tyr Tyr
5

<210> 34
<211> 89

<212> PRT_ .
«213> calilithrix, species unknown

<400> 34

ASp
1
Gly.
Ser
Tyr
ser

65
Glu

Ile
LYyS
Ala
Glu
50

Gly

ASD

<210> 35
<211> 89

<212> PRT
<213> callithrix, species unknown

<400> 35

asp Ile GIn Met T

1

Gln
val
Trp
35

Ala
ser

Ala

T

Met
Thr
20

Tyr
ser
Gly

Ala

Thr Gln Ser
5
I7e Thr Cys

GIn GIn Lys

Lys Leu GIn
55
Thr Tyr Phe
70
Thr Tyr Tyr
85

Pro
Arg

Pro
40

Thr

Thr

Cys

Arg
Pro
40

Ser
Thr

cys

Pro
Arg
Pro
40

Ser
Thr

Cys

1ithrix, species unknown

Ser
Ala
25

Gly
Gly
Leu

GIn

Ser Pro Ser

Ala
25

Gly
Gly
Leu

Gln

ser
Ala
25

Gly
Gly
Leu

GIn

hr ¢In Ser Pro Ser
5

Gly Lys val Thr val Thr Cys Arg Ala
20 25

Ley ala Trp Tyr GIn GIn Lys Pro Gly

ser
10

ser
LYS
Ile

Thr

sSer
10

Ser
Thr
val

Thr

Ser
10

ser
Thr
val

Thr

Leu
GIn
Thr
Pro

Ile
75

Leu
Gln
val
Pro

Ile
75

Leu
Gln
val
Pro

Ile
75

ser
Gly
Pro
ser

60
Ser

Thr
Asp
Pro
Ser

60
ser

Thr
ASp
Pro
ser

60
ser

Ala
Ile
Arg
45

Arg

ser

Ala
Ile
Lys
45

Arg

Ser

Ala
Ile
Lys
45

Arg

ser

ser Leu Thr ala

10

Ser GIn Asp Ile

Ser
sSer
30

Leu
Phe

Leu

Ser
Asn
30

Pro
Leuy

Leu

ser
ASN
30

Pro
Phe

Leu

ser

ASn
30

val
15

ASN
Leu
Ser

cln

Val
15

Lys
L.eu
ser

GlIn

val
15

Lys
Leu
Ser

G1In

val
15
Lys

Thr val Pro Lys Pro Leu

9

Gly
Tyr
Ile
Gly

ser
80

Gly
Trp
Ile
Gly

Pro
80

Gly
Trp
iWe
Gly

Pra
80O

Gly
Trp

ITe



45

35 40
Tyr Glu Ala Ser Lys Leu ggn ser Gly val Pro Ser Arg Phe Ser Gly
60

50
ser Gly ser Gly Thr ;%r phe Thr teu Thr ;;e Ser Ser Leu Gln Pro
80

65
Glu Asp Ala Ala g?r Tyr Tyr Cys Gln

<210> 36
<211> B9

<212> PRT_ )
<213> callithrix, species unknown

«400> 36
Asp Ile GIn Met Thr Gln Ser Pro ser Ser Leu Thr Ala Ser val Gly

1 5 10 15
Gly Lys val ggr ITe Thr Cys Arg g;a Ser Gln Asp ITe Asn Lys Trp
30
Leu Ala ggp Tyr Gln Gln Lys 260 Gly Thr val Leu tys Pro Leu Ile
45
géu Ala ser Lys Leu ggn ser Gly val Pro Ser Arg rhe ser Gly
60

ser Gly ser Gly Thr Tyr Phe Thr Leu Thr ITe Ser Ser Leu Gin Pro
65 70 75 80
Glu Asp Ala Ala Thr Tyr Tyr Cys Gln

85

TYr

<210> 37
<211> 89

<212> PRT_ . . )
<213> callithrix, species unkwown

<400> 37
asp tle GIn Met Thr GIn Ser Pro Ser Ser Leu Thr Ala ser val Gly

5 10 15
val Thr Ile Thr Cys Arg Ala Ser Gin Asp Ile Asn Lys Trp
20 25 30
Leu Ala ;gp Tyr GIn GIn Lys 250 Gly Thr val pro Lys Pro Leu Ile
45
Tyr glu Ala Ser Lys Leu ng ser GTy val Pro Leu Arg Phe Ser Gly
5 60

ser Gly ser Gly Thr Tyr Phe Thr Leu Thr Ile Ser $er Leu GIn Pro
65 70 75 80
Glu Asp Ala Ala ggr Tyr Tyr Cys Gin

Gly Lys

<210> 38

<211> 267

<212> DNA

«213> Aotus trivirgatus

<400> 38 '

gacatccaga tgacccagtc tccatccric ctgtctgeat ctgcaggaga cagagtcacc 60
atcacctgcc aggtgagtca gggaattagce agtgaattac tctggtatca gcagaaacca 120
gggaaagccc ctatgetctt gatctatget gcaaccaaat tgcagtcggg aatcccatct 180

cggttcagtg gccatggatc tgggacagat ttcactotca ccatcagcag cctgcagect 240
gatgattttg ctacttatta ctgtcaa 267

<210> 39
<211> 267
<212> DNA
<213> Aotus trivirgatus

<400> 39
gacatccaga tgacccagtc tgcattctce ctgtctgeat ctgtaggaga cagagtcacc 60

attacttgcc aggegagtca gggcattacc agtgatitag cctggtatca gcaaaagcca 120
10



gggaacgcct ctaagctcct gatctatgag
aggttcagcg gcagtggatc tgggagagat
gaagattttg taacttatta ctgtcaa

40
267

DNA o
Aotus trivirgatus

<210>
<211>
<212>
<213>

<400> 40

gacatccaga tgacccagac tccatcctce
atcacttgcc gogygcgagtea agacatttac
gggaaaactc ctaggctctt gatctatgct
cggttcagtg gcagtggatc tgggacagac
gatgattttg ccacttatta ctgtcaa

<210> 41

<211> 267

<Z212> DNA _

«213> Aotus trivirgatus

<400> 41

gacatccaga tgacccagac tccatcectec
atcacttgcc gggcaagtca gggtattagc
gggaaagccc ctaagcteect gatccataag
aggttcagtg gaagtggatc tgggacagat
gaagatatcg caacatatta ctgtcaa
<210> 42

<211> 267

<212> DNA

<213> Aotus trivirgatus

<400> 42

gacatccaga
atcacttgcc
gggaaagccec
aggttcagcg
gaagattttg

43
267
DNA

tgacccagtc tccatcttec
gggcaagtca gggcattagc
ctaagccect gatctattat
gcagtggatc tggggcagat
caacttatta ctgtcaa

<210>
<211>
<212> )
<213> Aotus trivirgatus

<400> 43
gacaaccaga tgatccagtc tccatcttcc

atcacttgec gagccagtca gagtattage
gggacagtcc ctaagcctct gatctatgac
aggttcagtg gctgtggatc tgggacagat
gaagattttg caacttatta ctgtcaa

<210> 44
<211> 89
<212> PRT
<213> AOTUS

<400> 44
Aip Ile

trivirgatus

Pro

¢1ln Met Thr Glin Ser
5

ggr I1e Thr Cys Gln
Tyr GIn GlIn Lys

Asp Arg val

Pro
40
Ser

Leu Trp
35

Ala

el

Ata
50
Gly

Tyt Thr Lys Leu ggn

His sar Thr

65
ASp

G¢ly Thr Asp rhe
70

Asp Phe Ala Thr Tyr Tyr Cys

gcatccagtt
tttactctca

ctgtctgcat
aattatttag
gcatccagtt
tacactctca

ctgcctgeat
agctggttag
gcatcaaatt
tttactcteca

ctgactgcat
aataatttag
gcatccagtt
tacactctca

¢tgactgcat
agctggttag
gcatccaaat
tttactctca

Leu
Gln
Ala
Pro

Ile

11

tacaaagecoga
ccatcagcag

ctgtaggaga
cctggtatca
tgcaaactgg
ccatcagcag

ctgtaggagd
cctggtatca
tggaaacagg
ccatcagcag

ctgtaggaga
cctggtatca
tgcaaagcgyg
ccaccagcag

ctgtaggaga
cctggtatca
tgetaagtgy
ccatcagcag

ser Ala Ser

Ile ser
30

Leu

Gly

Met
45
Arg

Pro

ser Phe

60

Ser Leu

ser

ggtcecatca
cctgeagect

cagagtcacc
gcagaaacca
gattccctet
cctgeagect

caaagtcacc
gcagaaacca
ggtcccatca
cctgcagect

caaagtcacc
gcagaaacca
ggtcccatea
cctgcagect

cagagtcacc
gcagaaacca
ggtcccatca
cctgeagect

Ala Gly
15

ser Glu
Leu Ile
Ser Gly

Gin Pro
&0

180
240
267

60

120
180
240
267

60

120
180
240
267

60

120
180
240
267

60

120
180
240
267



45
89
PRT

<210>
<211>
<212>
<213> Aotus

<400>_45
asp Ile Gln
1

Asp Arg val
Trp
35
Ala

Leu Ala

Tyr Glu
50

ser Gly

65

Glu ASP

sar

Phe

46

89
PRT
ADtus

<400>_46
Aip ITe Gln

<210>
<211~
<212>
<213>

Asp Arg val
Leu Ala Trp
35
Tyr Ala Ala
50

ser Gly Ser
65
Asp Asp Phe

«210> 47
<211> 89
<212> PRT
<213> Aotus

<400> 47
Asp Ile Gln
1

Asp Lys val

teu Ala Trp
35

His Lys Ala
50

ser Gly ser
65

Glu Asp Iie

48

89
PRT
Aotus

<210>
<211>
«212>
<213>

<400> 48

85

Trivirgatus

Thr 6lIn
5
Ile

Met
Thr Thr
20
Tyr

GIn Gln

ser ser lLeu

Arg Asp
70
Tyr

Gly

val Thr

85

trivirgatus

Thr GIn
5
Ile

Met

Thr Thr

20

Tyr GIn GlIn

Ser Ser Leu

Gly Thr Asp
70
Thr Tyr

85

Ala

trivirgatus

Thr Gin
5

Ile

Met

Thr Thr

20
Tyr

GTn GTn

Ser Asn Leu

Thr Asp
70

Tyr

Gly

Thr
85

ala

trivirgatus

Ser
Cys
LyS
G1n
55

Phe

Tyr

Thr
Cys
Lys
Gin
55

Tyr

Tyr

Thr
Cys
Lys
Glu
Phe

Tyr

Ala
Gln
Pro
49

Ser
Thr

cys

Pro
Arg
Pro
Thr
Thr

Cys

Pro
Arg
Pro
Thr
Thr
Cys

Phe
Ala
Gly
Glu
Leu

GIn

Ser
Ala
25

Gly
Gly
Leu

Gln

Ser
Ala
Gly
Gly
Leu

Gln

ser
10

ser
AsSn
val

Thr

ser
10

Ser
LyS
Ile

Thr

Ser
10

ser
Lys
val

Thr

Leu
Gin
Ala
Pro

Ile
75

Leu
Gln
Thr
Pro

Ile
75

Leu
Gln
Ala
Pro

Iie
75

12

Ser
Gly
Ser
ser

60
ser

Ser
Asp
Pro
ser

60
ser

Pro
Gly
Pro
ser

60
ser

Ala
Ile
Lys
45

Arg

ser

Ala
Ie
Arg
45

Arg

Ser

Ala
Ile
Lys
45

Arg

ser

ser
Thr
30

Leu
Phe

Leu

ser
Tyr
30

Ley
Phe

Leu

ser
ser
30

Leu
Phe

Let

val Gly
15
Ser Asp

tey Ile

ser Gly

Pro
80

Gin

val Gly
15
Asn Tyr

Leu Ile

Ser Gly

Pro
80

Gln

val
15
ser

Gly
Trp
Leu Ile
Ser Gly

Pro
80

GIn



asp Ile Gin Met Tgr GIn Ser Pro
1

Asp Lys val ;Br I1e Thr Cys Arg

Leu Ala Trp Tyr GIn Gln Lys Pro

35 40
Tyr Tyr Ala Ser Ser teu Gln ser
50 35

ser Gly ser Gly Ala Asp Tyr Thr
65 70

Glu Asp FPhe Ala g?r Tyr Tyr Cys

<210> 49

<211> B9

<212> PRT _

<213> aotus trivirgatus

<400> 49

Asp Asn GIn Met Ige Gln Ser Pro
1

Asp Arg val Egr Ile Thr Cys Arg
Leu Ala Trp Tyr GIn Gln Lys Pro

35 40
Tyr Asp Ala Ser Lys Leu Leu Ser
50 55

cys Gly ser Gly Thr Asp phe Thr
65 70

Glu Asp Phe Ala g?r Tyr Tyr Cys

<210> 50

<213> 1023

<212> DNA

<213> Artificial Sequence

<220>

<223> synthesized construct

<400> 50

gacatccaga tgacccagag ccecageage

atcacctgca gagecagcea ggecatcgac

ggcaaggccc ctaagetget gatctacage

agattcagcy geagcggetc cggeaccgac

gaggatttcg ccacctacta ctgccageag

ggcaccaagg tggagatcaa gcgggtggag

ccececcctgec ctgeccccga gotgetggyc

cctaaggaca ccctgatgat cagcagaacc

agccacgagg accctgaggt gaagttcaac

gccaagacca agcccaggga ggageagtac

accgtgctgc accaggattg gctgaacgge

gccctgeetyg cccctatcga gaaaaccatc

caggtgtaca ccctgeccce tagcagagat

rgcctggtga agggettcta ccccagegac

cccgagaaca actacaagac cacccccect

tacagcaagc tgaccgtgga caagagcaga

gtgatgcacg aggccctgea caatcactac

aag

<210> 51

<211> 1023

<212> DNA

<713> Aartificial Sequence

<220>

<223> Synthesized construct

Ala

Gly

Ala
Gly
Gly

Ser Leu
10

ser

ser
GIn

Ala

Gly Lys

val Pro

Thr
75

Leu Thr

Gln

Ser Leu
10

Ser

Ser

Gin
Thr val
val Pro

Ite
75

Leu Thr

Gln

ctgagcgect
agctacctge
gccageaatc
ttcaccctga
gtggtgtgga
cccaagagcet
ggacccagcg
¢cecgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagctgacca
atcgccagtgyg
gtgctggaca
tggeagcagg
acccagaaga

13

Thr Ala ser
Ser
30

Pro

Gly Ile

Pro Lys
45
Arg

ser Phe

60

ser Leu

Ser

Thr Ala Ser
sar
30

Pro

Ser Ile

Pro Lys
45
ser Arg pPhe
60

Ser Leu

ser

ctgtgggega
actggtatca
tggagaccgd
ccatcagcag
gacctttcac
gcgataagac
tgttcctgatt
cctgegtggt
acggcgtggaa
accgggtogt
agtgcaagyt
agggccagcce
agaaccaggt
agtgggagag
gcgatggeag
gcaacgtgtt
gcctgagcct

val
i5
Asn

Gly
Asn
Leu
Ser Gly

Pro
80

Gln

val Gly
15
ser Trp

Leu Ile

Ser Gly

Pro
80

Gin

tagagtgacc
gcagaagect
cgtgcctage
cctgetgect
ctteggecag
ccacacctgc
cccceccaag
ggtggatgtg
ggtgcacaat
gtcecgtgctg
gtccaacaag
cagagagccc
gtcecctgacc
caacggccag
cttecttectg
cagctgcagc
gtccectgge

60
120
180
240
300
360
420
480
240
600
660
720
780
840
500
960
1020
1023



<400> 51

gacatccaga tgacccagag ccccageage ctgagcgect
atcacctgca gagecagceca ggecatcgac agctacctge
ggcaaggccc ctaagetgcet gatctacage gccageaatc
agattcagcg gcagcggete cggeaccgac ttcaccetga
gaggatttcg ccacctacta ctgccageag gtggtgtgga
ggcaccaagg tggagatcaa gcgggtggag cccaagagea
ccceccctgee ctgecccccga getgotggge ggacccageg
cctaaggaca ccctgatgat cagcagaacc cccgaggtga
agccacgagg accctgaggt gaagttcaac tggtacgtgg
gccaagacca agcccaggga ggagcagtac aacageacct
accgtgotge accaggattg gctgaacgge aaggagtaca
gccctgecty ccectatcga gaaaaccatc agcaaggeca
caggtgtaca ccctgccecce tagcagagat gagctgacca
tgectggtga agggcttota ccccagcgac atcgeegrgg
cccgagaaca actacaagac caccccccct gigetggaca
tacagcaagc tgaccgtgga caagagcaga tggcageagy
gtgatgcacg aggccctgea caatcactac acccagaaga
aag
«210> 52
<211> 108
<212> PRT |
<213> Artificial Sequence
<220>
<223> synthesized construct
<400> 52
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
1 5 10
Asp Arg val Tgr Ile Thr Cys Arg g?a ser GIn
2 5
Leu His ;rp Tyr ¢Tn GIn Lys Pro Gly Lys Pro
5 40
Tyr Ser Ala Ser Asn Leu Glu Thr Gly val Pro
' 50 55
ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Glu Asp Phe Ala ggr Tyr Tyr Cys Gin ng val
9
Thr Phe Gly GlIn Gly Thr Lys val Glu Ile Lys
100 105
<210> 53
<211> 108
<212> PRT
<213> Artificial Sequence
<220> _
<223> synthesized construct
<400> 53
Asp ITe GIn Met Thr GIn Ser Pro Ser Ser Leu
1 5 10
Asp Arg val Thr ITe Thr Cys Arg Ala ser GIn
20 25
Leu His Trp Tyr GIn GiIn Lys 250 Gly Lys Ala
35
Tyr ser Ala Ser Asn Leu Glu Thr Gly val pro
50 55
Arg Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Glu Asp Phe Ala g?r Tyr Tyr Cys Gin ggn val
Thr phe Gly GIn Gly Thr Lys val Glu Ile Lys
100 105

14

ctgtgggcga
actggtatca
tggagaccgg
ccatcagcag
gacctttcac
gcgataagac
tgttcctogtt
cctgegtogt
acggcgtgga
accgggtggt
agtgcaaggt
agggecagcec
agaaccaggt
agtgggagag
gcgatggeag
gcaacgtgtt
gcctgagect

Ser Ala Ser

Ser Ile Asp

30

Pro Lys Leu

45
Arg

ser Phe

60

Ser Leu

ser

val Trp Arg

Arg

Ser Ala Ser

Ile Asp
30

Leu

ser

Pro LysS

45

Arg Phe

Ser
60

ser l.eu

ser

val Trp Arg

Arg

tagagtgacc
gcagaagcct
cgtgectage
cctgetgect
cttcggeeag
ccacacctge
cceececaad
ggtggatgtg
ggtgcacaat
gtcegtoctg
gtccaacaag
cagagagcec
gtcecctgacc
caacggccag
cttecttecty
cagctgcage
gtcceetgge

val Gly
15
Ser Tyr

Leu Ile

ser Gly

Gin Pro
80
Pro Phe

95

val
15
Ser

Gly
TYyr

Leu Ile

ser Gly

Gln Pro
BO
Pro pPhe

95

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
9260
1020
1023



<210> 54
<211> 10

8

<212> PRT .
<213> Artificial Sequence

<223> synthesized construct

Thr
5
ITe
Ggln
AsnH
Thr
Thr

85
Gly

GIn
Thr
GIn
l.eu
ASp
70

TYr

Thr

Ser
Cys
Lys
Glu
55

rhe
TYr

LyS

<223> synthesized construct

sar Ala ser Glu Leu Gln Ser
5

<220>
<400> 54
Asp Ile Gln Met
1
asp Arg val Thr
20
Leu His Trp Tyr
35
Tyr Ser Ala ser
50
ser Gly Ser Gly
65
Glu Asp Phe Ala
Thr phe Gly Gln
100
<210> 55
<211> 7
<212> PRT
<213> artificial Seguence
<220>
<400> 55
1
<210> 56
<211> 7
<212> PRT

<213> Aotus trivirgatus

<400> 56

Tyr Ala Ser Ser Leu Gln Ser
1 5

<210> 57
<211> ©

<212> PRT
<213> Artificial Sequence

<220>

<223> Synthesized construct

<400> 57

G}y Cys Cys Ala Cys Cys
5

<210> 58
<211> 20

<212> PRT__,
<213> Artificial Sequence

<220>

Pro
Arg
Pro
Thr
Thr
Cys
val

ser
Ala
25

Gly
Gly
Leu
Gln

Glu
105

ser Leu
10

ser GIn
Lys Ala
val pPro
Thr Ile
Gln val

80
ITe Lys

15

Ser
Ser
Pro
Ser
&0

ser
val

Arg

Ala
Ile
Lys
45

Arg
ser

TP

Ser
Asp
30

Leu
phe
Leuy

Arg

val Gly
15

Ser Tyr
Leu Ile
Ser Gly
val Pro

gro Phe
95



<223> synthesized construct

<400> 58

Met Ser va

i

Asp Ala Arg Cys
20

<210> 59
<211> 34
<212> PR

<213>

<220>

<223>

<400> 59

ASpP
1

ASp
Leu
TYr
ser
65

Glu
Thr
Sar
Leu
Leu
145
ser
Glu
Thr
Asn
Pro
225
Gln
val
val
Pro
Thr
305
val

ey

Ile
Arg
His
Ser
50

Gly
ASD
Phe
cys
Gly
130
Met
His
val
Tyr
Gly
210
Ite
val
ser
Glu
Pro
290
val
Met

Ser

1
T

G1n
val
Trp
35

Ala
Ser
rPhe
Gly
ASp
115
Gly
Ile
Glu
His
Arg
195
LYyS
Glu
Tyr
Leu
Trp
275
val
ASp
His

Pro

«210> 60
<211> 32
<212> PRT

<213>

9

Met
Thr
20

Tyr
ser
Gly
ala
GIn
100
Lys
PO
ser
ASp
Asn
180
Va]
Glu
Lys
Thr
Thr
Z260
Glu
l.eu
LyS
Glu

Gly
340

Thr
5

ile
Gln
Asn
Thr
Thr
85

Gly
Thr
Ser
Arg
Pro
165
Ala
val
Tyr
Thr
Leu
245
Cys
ser
Asp
ser
Ala

325
Lys

GIn
Thr
GIn
Leu
Asp
70

Tyr
Thr
His
val
Thr
150
Glu
LYsS
sSer
Lys
Ile
230
Pro
Leu
ASN
Ser
Arg

310
Leu

Aartificial Sequence

synthesized construct

Ser
Ccys
Lys
Glu
55

Phe
Ty
Lys
Thr
Phe
135
Pro
val
Thr
vai
Cys
215
Ser
Pro
va'l
Gly
ASpP
295
Trp

His

artificial Sequence

Pro
Arg
Pro
40

Thr
Thr
Cys
val
cys
120
Lau
Glu
LYyS
Lys
Leu
200
Lys
Lys
sSer
Lys
Gin
280
Gly
GlIn

Asn

Ser
ATa
Gly
Gly
Leu
Gln
Glu
105
Pro
Phe
val
Phe
Pro
185
Thr
val
Ala
Arg
Gly
265
Pro
ser
GIn

His

Ser
10

ser
LyS
val
Thr
GIn
a0

Ile
Pro
Pro
Thr
ASnN
170
Arg
va'l
Ser
Lys
ASP
250
Phe
Glu
Fhe
Gly

Tyr
330

L.eu
Gin
Ala
Pro
e
val
Lys
Cys
Pro
Cys
155
Trp
GTu
Leu
Asn
Gly
235
Glu
Tyr
Asn
Phe
Asn

315
Thr

16

ser
Ala
Pro
Ser
60

ser
val
Arg
Pro
LYS
140
val
TYyr
Glu
His
Lys
220
GlIn
L.eu
Pro
Asn
Leu
300
val

Gin

Ala
Ile
LYS
45

Arg
ser
Trp
val
Ala
125
Pro
val
val
Gln
GlIn
205
Ala
Pro
Thr
ser
TYr
285
Tyr
phe

LyS

ser
ASp
30

Leu
Phe
l.eu
Arg
Glu
110
Pro
Lys
val
ASp
Tyr
190
Asp
Lau
Arg
Lys
ASp
270
Lys
Ser
ser

Ser

val
15

Ser
l.eu
sar
Leu
Pro
95

Pro
Glu
Asp
ASp
Gly
175
Asn
Trp
Pro
Glu
Asn
255
Ile
Thr
LyS
Cys

Leu
335

1 pro Thr Gin val Leu Gly kgu Leu Leu Leu Trp igu Thr

Gly
Tyr
Ile
Gly
Pro
80

Phe
Lys
Leu
Thr
va'l
160
val
sar
Ley
Ala
Pro
240
Gin
Ala
Thr
Leu
ser

320
Ser



<220>

<223> synthesized construct

<400> 60
ser Thr
1

Thtr Ser

pro Glu
His
50

ser

val

ser
65
tle Cys

val Glu

Ala Pro

Pro Lys
130
val val
145
val Asp

Gln Tyr

GIn Asp

Leu
210
Arg

Ala

Pro
225
Thr Lys

ser Asp

Tyr Lys
ser
290
ser

Tyr

Phe
305

Lys ser

Lys
Gly
Pro
35

Thr
val
Asn
Pro
Glu
115
ASp
ASpP
Gly
Asn
Trp
195
Pro
Glu
AsSn
Ile
Thr
275
LysS
Cys

Leu

Gly
Gly
20

val
Phe
val
val
Lys
100
l.eu
Thr
val
val
ser
180
Leu
Ala
Pro
Glin
Ala
260
Thr
Leu
Ser

Ser

Pro
5

Thr
Thr
Pro
Thr
Asn
85

ser
Leu
Leu
ser
Glu
165
Thr
ASN
Pro
G1n
val
245
val
Pro
Thr
val

Let
325

Ser
Ala
val
Ala
val
70

His
Cys
Gly
Met
His
150
val
Tyr
Gly
Ile
val
230
ser
Glu
Pro
val
Met

310
ser

val
Ala
ser
val
55

Pro
Lys
ASp
Gly
Ile
135
Glu
His
Arg
Lys
Glu
215
Tyr
Leu
Trp
val
ASD
295
His

Pro

Phe
L.eu
Trp
40

Leu
Ser
Pro
Lys
Pro
120
Ser
ASp
Asn
val
Glu
200
Lys
Thr
Thr
Glu
Leu
280
Lvys
Giu

Gly

Pro
Gly
25

Asn
G1In
Ser
Ser
Thr
105
Ser
Arg
Pro
Ala
val
185
Tyr
Thr
Leu
Cys
ser
265
ASp
Sar
Ala

Lys

Leu
10

Cys
Ser
Ser
Ser
Asn
90

His
val
Thr
Glu
Lys
170
ser
Lys
Ile
Pro
Leu
250
Asn
ser
Arg

Leu

Ala
Leu
Gty
ser
Leu
Thr
Thr
Phe
Pro
val
155
Thr
val
cys
Ser
Pro
235
val
Gly
ASp
Trp

His
315

Pro
val
Ala
Gly
Gly
Lys
Cys
Leu
Glu
140
Lys
Lys
l.eu
Lys
Lys
220
Ser
Lys
GIn
Gly
G1In

300
Asn

Sar
Lys
teu
45

Lteu
Thr
val
Pro
Phe
125
val
Phe
Pro
Thr
val
205
Ala
Arg
Gly
Pro
ser
285
Gin

His

ser
ASp
30

Thr
Tyr
Gln
Asp
Pro
110
Pro
Thr
AsSn
Arg
val
190
ser
Lys
Glu
Phe
Glu
270
Phe
Gly

Tyr

Lys
15

Tyr
Ser
Ser
Thr
LyS
95

Cys
Pro
Cys
Trp
Glu
175
Leu
Asn
Gly
Glu
Tyr
255
Asn
rhe
ASn

Thr

ser
Phe
Gly
Lau
Tyr
80

Arg
Pro
Lys
val
Tyr
160
Glu
His
Lys
Gln
Met
240
Pro
Asn
Leu
val

Gln
320

61
1044
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 61

atggcgagea
gatcgtgtga
cagcagaaac
ggcgtgecga
agcctgetge
acetttggcec
acccacacgt
tttccgecga
gtggtggaty
gaagtgcata
gtgagcgtygc
gtgtctaaca

ccgatatitca
ccattacctg
cgggcaaage
gecegttttag
cggaagattt
agggcaccaa
gceccgeegtg
aaccgaaaga
tgagccatga
acgcgaaaac
tgaccgtgct
aagcgcetgcec

artificial Sequence

synthesized construct

gatgacccag
ccgtgegage
gccgaaacty
cggcageggt
tgcgacctat
agtggaaatt
tcecggegeeg
taccctgatg
agatccggaa
caaaccgegt
gcatcaggat
ggcgeccgatt

agcccgagea
caggcgattg
ctgatttata
agcggceaccg
tattgccagce
aaacgcgtgg
gaactgctygy
attagccgta
gtgaaattca
gaagaacagt
tggctgaacyg
gaaaaaacca

17

geectgagege
atagctatct
gcgcgageaa
attttaccct
aggtygtgty
aaccgaaaag
gtggcccgag
ccccggaagt
actggtatgt
ataacagcac
gcaaagaata
tcagcaaagce

gagcgtgggt
gcattggtat
cctggaaacc
gaccattagc
gcgtccgttt
cagcgataaa
cgtgtttctg
gacctgegtyg
ggatggcgtyg
ctatcgtgtg
caaatgcaaa
gaaaggcceag

&0
120
180
240
300
360
420
480
540
600
660
720



ccgcgtgaac
gtgagcctga
agcaacggcc
agctttttec
tttagctgea
ctgagcecgg

<210> 62

<211> 356
<212> PRT
<213>

<220>
<223>

<400> 62
Met Ala

1
Ala

ser

ser val

ser
35
Leu

ITe Asp

Leu
50
Phe

LYyS
Arg ser
65

Ser leu

Leu

Trp Arg Pro
Pro
115

Glu

val Glu

Pro
130
Lys

Ala
Pro AsSp
145
val

val Asp

val Asp Gly
AsSnh
195

Trp

Gin Tyr

Gln Asp
210
Leu

Ala Pro

225

Pro Glu

Arg

Thr Asn

LyS
Tle
275
Thr

Ser Asp
Tyr LysS
290
Tyr Ser
305
Phe

LyS

Ser Cys

Lys Ser Leu
His
355

His His

<210> 63
<211> 216

<212>
<213>

cgcaggtgta
cctgcctggt
agcecggaaaa
tgtatagcaa
gcgtgatgca
gtaaagcggc

Thr Asp Ile Glin
5

Gly
20
Tyr Leu

Ile Tyr

Gly ser

ASp Arg
His
Ser

Gly

taccetgecy
gaaaggcttt
caactataaa
actgaccgtg
tgaagcgetg
ggcg

artificial seqguence

synthesized construct

Met

val Thr

Tyr
40
ser

Trp

Ala
55

ser Gly

70

Glu
85
Thr

Pro

Phe
100
Lys Ser

Leu Leu

Thr Leu

ASD
Phe
Ser
Gly
Met

rphe Ala

Gly GIn

LyS
120
Pro

ASD

Gly
135

Ile Ser

150

Ser
165
Glu

val

val
180

ser Thr

l.eu Asn

Ala Pro

His
val
Tyr
Gly
Ile

Glu Asp

His Asn
val
200
Glu

Arg

LYyS
215

Glu Lys

230

Gin
245
val

Pro

Gln
260
Ala val

Thr Pro

teu Thr

val
ser
Glu
Pro

val

Tyr Thr

Leu Thr

Giu
280
Leu

Trp

val
295

Asp Lys

310

val
325
Leu

ser

ser
340
His

Met

Ser

His GTu

Pro Gly

Pro

ccgageegty
tatccgageg
accaccecegce
gataaaagcc
cataaccatt

Gin ser
10

Thr

Thr

Ile
25
Glin

Cys

Gln Lys

Asn Leu Glu
Phe
75

TYyr

Thr Asp

Thr Tyr

Gly Thr Lys

105

Thr Thr

His

ser val Phe

Thr Pro
155

val

Arg

Glu
170
Lys

Ala Thr

185

val val

Ser

Tyr Lys Cys
ser
235

Pro

Thr Iie

Pro
250
Leu

Leu

Cys val
265

Ser Asn Gly

Asp Ser Asp

Ser Arg Trp

315
Ala Leu His
330

Ala Ala

LYS
345

atgaactgac
atattgcggt
cggtgctgga
gttaggcageca
atacccagaa

Pro Ser Sser
ser
30

LysS

Arg Ala

Pro Gly

Thr Gly val

Thr reu Thr

Cys GIn Gin
Ile
110

Pro

val Glu

Pra
125
Phe

Cys
Leu Pro
140
Glu

val Thr

Phe Asn

LyS
Pro Arg
190
val

Lys

Thr
205
val

Leu
LyS ser
220
Lys

Ala Lys

Ser Arg Asp
rhe
270

Glu

Lys Gly
Pro
285
ser

GIn

Gly Phe

300

GIn Gln Gly

Asn His Tyr

Ala val Asp

350

PRT
CH2/CH3 domain sequence from Swissprot INSERT
18

caaaaaccag 780
ggaatgggaa 840
tagcgatgge 900
gggcaacgtg 9260
aagcctgage 1020

Leu
15

GIn
Ala
Pro
Ile
val
95

Lys
Cys
Pro
Cys
Trp
175
Glu
Leu
Asn
Gly
Glu
255
Tyr
ASn
Phe
Ash
Thr

335
His

ser
Ala
Pro
ser
ser
val
Arg
Pro
LysS
val
160
Tyr
Glu
His
Lys
Gin
240
Leu
Pro
Asn
Leu
val
320
GIn

His

1044



<400> 63

Fro
1
Lys
va'l
ASp
TYr
65
Asp
el
Arg
LYS
ASD
145
lLys
Sear
Ser

sar

Glu
ASp
Asp
Gly
50

AsSn
Trp
Pro
Giu
Asn
130
Ite
Thr
LYS
Cys

Leu
210

<210> 64
<211> 17
<212> PR

<213>

<220>

<223>

<220>

<221>

<222> 1
<223> Xa

<220>

<221>

«222> 6
«223> Xa

<400> 64 ]
Xaa Glu Pro Lys Ser Xaa Asp Lys Thr His Thr Cys Pro Pro Egs Pro
5 10

Ala

<210> 65
<211> 12
<212> PR

<213>

<220>

<223>

<400> 65

1

t.eu
Thr
val
val
Ser
Leu
Ala
Pro
115
Gln
Ala
Thr
Leu
ser

195
ser

T

a =

a =

T

Leu
Leu
20

Ser
Glu
Thr
ASH
Pro
100
GIn
val
val
Pro
Thr
180
vai

l.eu

VARIANT

Gly
Met
His
val
Tyr
Gly
Ile
val
Ser
Glu
Pro
165
val
Met

Ser

Gly
Iie
Glu
His
Arg
70

LyS
Glu
Tyr
Leu
Trp
150
val
ASp
His

Pro

Pro
Ser
ASp
AST
val
Glu
Lys
Thr
i
Glu
Leu
Lys
Glu

Gly
215

Artificial Sequence

synthesized construct

ser
Arg
Pro
Ala
val
TYyr
Thr
Leu
120
Cys
Ser
Asp
Ser
Ala

200
LYyS

val Phe
10

Thr Pro

25

Glu val

Lys Thr
Ser val

Lys C¥s
- 90

Iie Ser

105

Pro Pro

Lteu val
Ash Gy

Ser Asp
170

Arg Trp

185

Leu His

Leu
Glu
Lys
Lys
Leu
75

Lys
Lys
Ser
Lys
GIn
155
Gly
Gln

Asn

Phe
val
Phe
Pro
Thr
val
Ala
Arg
T
Pro
ser

Gin

His

X is valine, leucine or isoleucine.
preferred that X is valine,

VARIANT

artificial Sequence

synthesized construct

19

Thr Lys val Glu Ile Lys Arg val Glu 560 Lys ser
5

Pro
Thr
Asn
45

Arg
val
Ser
Lys
AsSp
125
Phe
Glu
Phe
Gly

Tyr
205

Pro
Cys
30

Trp
Glu
Leu
Asn
Gly
110
Glu
Tyr
Asn
Phe
ASn

190
Thr

It s

X is absent or an amino acid other than
cysteine. It is preferred by X is serine.

LS
val
Tyr
Glu
His
Lys
95

Gin
Ley
Pro
Asn
Ley
175
val

GIn

Pro
val
val
Gin
GIn
80

Ala
Pro
Thr
Ser
Tyr
160
TYr
Phe

Lys



<210> €6

<211> 11

«212> PRT _
<213> Homo Sapiens

<400> 66

Thr Lys val Asp Lgs arg val Glu Pro i%s ser

<210> 67
<211> 11
<212> PRT

<213> artificial Sequence

<220>

<223> synthesized construct

<400> 67
1
<210> 68

<211> 324
<212> DNA

<213> Artificial Sequence

«220>

<223> Synthesized construct

<400> G8

ctgtaggtct actgggtcag
tagtgaacgg cccgttcagr
ccctttecggg gattcgagga
gcaaagtcac cgtcacctag
cttctaaaac gatgcatgat
ccctggttce accttiagtt

aggtaggaga
ctcgtaacta
ctagatatca
acccrtgtcta
gacagttgtc
tgcc

Thr Lys val Glu Ile Lys Arg Glu Pro L5s ger
5 1

gacagacgta
tcaataaatg
cgtaggctca
aagtgagagt
€aacacaccy

20

gacatcctct
taaccatggt
acgtttcacc
ggtagtcgtc
caggaaaatg

ggcacagtgg 60
cgtctttggt 120
ccagggtagt 180
agacgttgga 240
caagcecggtt 300

324



