
Domain Antibody Construct 

FIELD OF iHE INVENTION 

The present invention relates to a domain antibody construct u.seful for human therapy. 

More particul,,,.ly, the present invention relates to a <lomali1 antibody construct which binds 
5 to human TNF-e< and its use in the· treatment of disorders characterised by TNF·a activity. 

8ACKGHOUND OF THE INVENTION 

Tumor necrosis factor alpha (TNF-a) is a cytokinc that has b~n implicated in mediating 

shock and the pnthophysiology of a variety of human diseases and disorders including 

sepsis, infections, autoimmune diseases eg. rheumatoid arthritis, Crohn's disease, 

I 0 ulcerative colitis and other bowel con<lltions, psoriasis, toxic shock, transplant rejection 

and graft-versus-host disease. TNF-a is produced primarlly by act.ivated mal--ropbages and 

T lymphocytes, but also hy neulrophils, endothelial cells, kerutinocytes and fibroblasts 

during acute intlammatoiy reactions. 

Because of it1 role in inflammation, TNP-a has emerged as an imporrnnt target for 

15 inhibition in efforts to reduce the symptoms of inflammato1y disorders. Various 

approaches to inhibition ofTNF-a for the clinical treatment of disease have been pursued, 

inclLL<ling particularly the use of soluble TNF-a receptors and antibodies sped[ic for 

TNF-a. 

Dom~in antibodies 

20 Dournin antibodies (dAb) Hte the smallest fuilctioning binding urtils of antibodies and 

correspond to the variable regions of either the heavy (VH) or light (VL) chains of 

antibodies. Domain antibodies have a molecular weight of approximately 13 kDa, or less 

than one tenth the size ora full antibody. 

in contrnst to convenr.ionol antihotlies, domi1i11 n1nibodies are we.Ii expressed. in 'oucl(0ril1l, 
25 yeast and mnmmalian systems. Their small size allows for higher molar quantities per 

gram of product, thus providing n significant incrnase in potency per milligram dose. In 

a<luition, dAbs can be used"·' building blocks to create therapeutic products wch as 

multiple targeting dAh-containing molecules in which two or more dAbs bind to two or 
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more distinct molecular targets, or dAbs may be iucorporated into structures designed for 

pulmonruy or oral udministration. 

1110 present inventors have now devised a novel domain antibody construct comprising an 

immunoglobulin variable domain linked ro a construit region including a truncated CH 1 

5 domain. It is postulated that the inclusion of a constant region will assist in prolonging the 

jn vivo half-life or the dAb which is typically of a shmt duration. 

New World Pdmate lmmunoglohulin 

Evolutionmily distant primates, such a<s New World primates are sufficiently similar to 

human to have antibodies similar to human antibodies so that the host docs not generate an 

10 anti-antibody immune response when such primate-derived antibodies are introduced into 

u human. New World primate,; (infraordcr-Platyrrhini) comprise nl leasr 53 species 

collllllonly divided into two families, the Catiithricidac and Ci1bidae. The Callithridda~ 

conxist of marmosets and tmnurins. TI1c Ceblilae includes the xquirrcl monkey, titi 

monkey, spider monkey, woolly monkey. capuchin, night or owl monkey and rhe howler 

15 monkey. 

Previous studies have characterised f.he expressed inurnmoglobuJin heavy chain repcrroirc 

of the Callithrix jacchus mmmosct (von 13udingen I 1-C et al., Charnctcrization of the 

expressed immunoglobuJin IGHV repertoire in the New World marmoset Callithrix 

jacchus. Immunogenetics; 53:557-563 (2001)). Six !GHV subb'l'Oups were identified 

20 which showed a high degree of sequence similarity lo their human JUI IV counterparts. 

The framework regions were more conserved when compared to the complementarity 

determining regions (CD Rs), with the greuteot degree of variability located in CDR3. The 

degree of similarity between C facchus and humau lGHV >eq11ences was less llian 

between Old World monkeys and lmmans. 
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SUMMARY OF THE INVENTION 

In a first aspect, the present invention provides a domain antihody construct which binds to 

human TNF-a, the constrnct comprising: 

(a) a domain antih<idy (dAb) which bind.\ Lo htunan TNF-a 

(b) a modiried hinge region sequence; 

(c) a human or primate heavy chain constant regio11 sequence having a truncated 

CHl donrni11 of not more than 20 residues, more preferably not more than 10 residuex, still 

more preferalJly not more tJ1an 5 residues and even more preferabiy a single residue; 

wherein said rnmlificd hinge region sequence contains either a deletion or n single 

10 amino acid suhstilution of the cysteine residue which normally facilitates di.5ulfide bond 

formation between heavy rutd light antibody chains. 

In a see-011d aspecl the present inv,,ntionprovides a nucleic ucid sequence encoding the 

domain antibody construe I of the first aspect of the invention. 

In a third nspecl ihc present invenlion provides nn isolated nucleic acid molecule 

15 comprising a sequence encoclillg a domain antibody co11stiuct which binds human TNF-;:x, 

wherein the nucleic acid nioleculc con1prises a nucleic acid sequence at Jensl 60o/0 1 

preforably at leu.'t 80% i<lcnl.ical, more prefornbly at least 90%, 95%, %%, 97%, 98'/0 or 

99% identical to the .>equence '"t fot1h in SEQ TD No: SO or SEQ ID No:51 mid most 

preferably, the 'equencc set forth in SEQ ID No:50 or SF.Q ID No:51. 

20 Jn a fourth aspect the-present invention provides an isolated nucleic acid molecule 

comprising a sequence encoding a domain antibody constmct which binds human TNF-a, 

whernin the nucleic acid molecule comprises a nucleic acid sequence which hybridises 

under condit.ions of high stringency to the nucleotide sequence sel forth in SEQ JD No:50 

or SEQ ID No:51. 

25 fn a fife~ aspect, the invention provides a phamtaccutical composition comprising an 

effective amount of tl1e domuin antibody construct according to the first a-;pect, together 

with a pharmaceutically acceptable carrier or diluent. 
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Jn a sixth aspect, the present invention provides for the use of the domain antibody 
construct according to !he first aspect of !he invention in a diagnostic application for 
detecting human TNP-a. 

In a seventh aspect, the invention provides a method for treating a disorder characterised 
5 by human TNF-u. activily in a hwnan subject, comprhing administering to the subject a 

phannaccutical 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 mtcleolide sequence (SEQ JD No:6) of 
the acceptor dAb. 

l 0 Figure 2 shows the structure of the preferred embodiment of the. domain anti bud y 
constn1ct according to the present invention as (A) n monomer and (B) a dimer. 

Figure 3 shows the nucleotide and amino acid sequences of eleven (11) mu1moset and iih 
(6) Owl monkey VK gene segment8, 

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 reslricli"n dige.<t sites for Kpn I and San DI which excises region including the CDR2 is 
indicated ill the figure. CDR2 residues removed arc indicated in undorliacd. 

Figure 5 shows the ability of Compound 170 (SEQ ID No: I I) to neutralise TNF-n 
mediated cytotoxicity iu a murinc L929 cell viability assay. 

Figure 6 shows !hat Compound 170 (SEQ ID No:l l) prevents the interaction ofTNr'-o: 
20. with the human p55 or p75 TNF receptors. 

Figure 7 show.s Compound 170 (SEQ ID No: l J) staining of transmembrane TNF-a" 
expressing NSO 27D4 cells (solid black line) shows higher fluorescence intensity than 
irrelevant .>pecificity i!;otype-matched control (grey fill). 

Figure' S shows Compound 170 (SEQ ID No: 11) produced in a bacterial expression system 
25 retained binding to TNF-a in rui ELISA. 
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Figure 9 shows lhe efficacy of Compound 170 (SEQ TD No:l 1) in a TNF-modiated 
murine urthritis model relutive to specificity control human lgG1. Al weekly int.ervals 
mice were srored (urthritic score), A, and weighed, B. 

Figure 10 shows the effect on protein expression of Compound 112 (SEQ ID No:59) and 
5 Compound 170 (SEQ ID No:ll). 

Figure 11 shows non-reducing SOS PAGE annlysis of Protein A purified Compound 170 
(SEQ ID No: 11) from 4 x I 0 L fermentations of the lead cell line; lune 1 = inter-assay 
control; lane 2 =molecular weight rrw.rkers; lane 3 =blank; lane 4 = Protclu A purified 
Compound 170 (SEQ ID No: I l) in !OL fermentation ID (nm 1 ); lUne 5 =Protein A 

10 purified Compound 170 in !OL formcntation ID (run 2); lane 6 =Protein A purified 
Compound 170 in lOL fermentation ID (ruu 3); lane 7 =Protein A pw:ified Compound 170 
in .IOL fermcnrntion lD (run 4) .. 

Figure l2 shows reducing SDS PAGE analysis of Protein A purified Cornpmmd 170 (SEQ 
JD No:ll) from 4 x IO L fermentations of the lead cell line; lane I= inter-assay control; 

15 lane 2 =molecular weight markers; Jane 3 =blank; illne 4 "'Protein A purified Compound 
170 (SEQ ID No:l l) in I OL fermentation rD (nm 1); la.nc 5 = l'rntein A purified 
Compound 170 in lOL fermentation ID (run 2); lune 6 =Protein A purified Compound 170 
in I OL fermentation IP (nm 3); lane 7 = Protein A purified Compound 170 in !OL 
fermentation ID (run 4). 

20 DETAILED DESCRIPTION OF THE INVENTION 

The present inventors have generale<l a domaii1 antibody COllBtrnct which binds to human 
TNF-a and which. is postulated to exhibit low immw10genicity when administered to 
humans. The <lomaiu antibody construct comprises a portion corresponding to a variable 
donrnin of an imumnoglohulin heavy or light chain (ie. a domain antihody (di\b)), a hinge 

25 region and a portion corresponding to a consmnt region of an antibody heavy ch"in but 
wbi;.re:.i.n th(': <~nn~rant region hu."i a lrw1co.tcd Cul domain. 

The inclnsion of the constant region po1tion is posrnlarcd to inci·ea.'e the in vivo half life of 
the dAlJ as well as providing effector functions wWch are believed to be a component of 
the anti-inflummarory mechnni'm of anti· TNF antihotlies. 
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In a first aspect, tbe present invention provides a domain antibody construct which binds to 
human TNF-a, the construct comprisitlg: 

(a) a domain antibody (dAb) which binds to human TNF-Cl 

(b) a modified hinge region sequence; 

(c) a human or primate heavy chain coostfillt region sequence having n truncated 

CH 1 domain of not more than 20 residues, more preferably not more lhan 10 residues, still 
more preferably not more than 5 residues and even more preferably a single residue; 

wherein said modified hinge region sequence contains either a deletion or a single 
umino acid substitution of the cysteine residue which nomtally facilitates disulfide bond 

10 formation between heavy and light antibody chains. 

In a preferred embodiment the 8equence of the CH 1 domain and the hinge region is 
XEPKSZDKTI ITCPPCPA (SEQ ID No: 64) wherein Xis valine, leucine or isoleucine and Z is absent or an 

amino add other than cysteine. lt is preferred that Xis valine and Z is serine. 

In a prefened emhodiment of the present invention the dAb comprise~ an immunoglobulin 
J 5 heavy or light chain variable domain, wherein >aid v1triablo doninill comprises at least one 

complementillity·delermini:ng region (CDR) having a sequence del'ived from u New World 
primate wherein the CDR is selected from l11e group consisting of AATKLQS (SEQ ID 
No: J ), EASSLQS (SEQ ID No:2), .· EASKLQS (SEQ ID No:3). and SASNLET (SEQ 
ID No:4) 

20 In <mother preferred embodiment the CDR is CDR2. 

In a preferred embodiment the dAh has a sequenc-e selected from tllC group consisting of: 

DIQMTQSPSSLSASYGDR VTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG 
VPSRFSGSOSGTDFT'LT!SSLQPEDF A TYYCQQVVWRPFfFGQGTKVEIKR 
(Compound 145; SEQ !D No:?) 

25 DIQMTQSPSSL'>ASYGDR VTITCRASQA!DSYLHWYQQKPGKAPKLLJYSASNLF.T 
GVPSR.PSGSGSGTDFJ'LTJSSLQPEDFA TYYCQQVVWRPFTFGQGTKVEIKR 
(Compound 123; SEQ ID No:8) 

DIQMI'QSPSSLSASYGDRV'ITJ'CRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG 
VPSRFSGSGSGTDFTLTlSS LI "PJ-iDP A TYYCQQVVWRPFTFGQGTKVEIKR 

30 (Compound 100; SEQ ID No:9) 
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DIQMTQSPSSLSASVOOR VT!TCRASQAIDSYLHWYQQKPGKAPKLLIYSASNLET 
GVPSRFSGSGSOTDFTLTISSLLPEDFATYYCQQVVWRPFTf'GQGTKVEIKR 
(Compc>Und 196; SRQ ID No:lO) 

DIQMTQSPSSJ.SASVGDRVTITCRASQSTDSYl.HWYQQKPGKPPKLLIYSASNL8TO 
5 VPSRFSOSGSOTDFTLTISSLQPEDFATYYCQQVYWRPFTFGQGTKVEIKR 

(Compound f34; SEQ ID No:52) 

DIQMTQSPSSl~5ASYGDRYTITCRASQSTDSYLHWYQQKPGKAPKLLIYSASNJA<:TG 
VPSRFSGROSOTDFrL T!SSLQPEDFA TYYCQQYYWRPFTFGQGTKVEIKR 
(Compound 137; SEQ ID No:53) 

l 0 D!QllfTQSPSSLS AS VGDRVTITCRl\SQSTDSYLr I WYQQKPGKAPKLL IYS AS NLETG 
VPSRFSGSGSOTOPfL TJSSL VPBDFA TYYCQQY VWRPfTFGQGTKVEIKR 
(Compound 121;; SEQ ID No:54); and 

u 8equence at least. 95%, more preferably at leust 96%, 97%, 98% or 99% identical to one 
of these sequences. 

15 In a further preferred embodiment the coHStilrtl region comprises CH2 and CH3 domains 
which togetller have the following sequence; 

PELLGGPSVFLFPPKPl<DTl,M!SRTPEVTCVVVDVSHEDPEVKI'N'IVYVDGVEVHN 
A.KTKPRBEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP!EKTISKAKG 
QPREPQVYTLPPSRDEl,TKNQVSLTCL VKGFYPSDlA V EW .BSNGQPENNYKTTPPV 

20 LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMl-!EALHNHYTQKSl..SLSPGK; 
(SEQ ID N0:63) 

or an nmi110 acid sequence whkh is at lea.st 60%, preferably a! lca.,t 80% identical, more 
preferably at lea8t 90%, 95%, 96%, 97%, 98% or 99% identical thereto. 

Jn another preferred embodiment the domain ru1tibody construct comprises an amino 1tdd 
25 sequence which is at least 60%, prcfombly at least 80% idemical, more preferably at. least 

90<?i·, 95'?-b, 96o/a, 97%, 98o/.? or ~)~'CJ{•; idcnticnl fc ~he fi'Dqucncc set forth i.r1 SEQ ID t'.J0: l 1, 
and most preferably the sequence sel forth in SEQ ID No:l l. 

TI1e term "binds to" as used herein, b intended to refer to Ure binding of an autigen by an 
iJllmunoglobulin variable region with a dissoclmion constant (KJ) of lpM or lower"'' 
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measured by surface plasmon resonance analysis using. for example a BIAcore'" surface 

plasmon resonance sysrcm and BIAcoreTM kinetic evaluation software (eg. version 2.1). 

The affinity or diosociation constant (Ki) for a specific binding interaction is preferably 

about 500 nM or lower, more preferably about 300 nM or lower and preferably at least 300 

5 · nM to 50 pM, 200 nM to 50 pM, and more preferably at least 100 nM to 50 pM, 75 nM to 

50 pM, 10 oM to 50 pM,'fhe term "dAb" as tc,ed herein refers to an antibody single 

variable domain (VH or V0 polypeptid<: that specifically bind' antigen. 

In a further preferred embodiment of the present invention the domain antibody construct 

form.~ a homo- or heterodimer with another domain antibody construct accorcling to the 

10 present invention. Dimcrisution can increase the strength of antigen binding, wherein the 

stTength of binding is related to the sum of the binding uflioitles of the multiple binding 

sites. To facilitate dimer forrnmion, the hinge region of the domal11 filltilmdy construct 

comprises at least one, and preferah!y two, cysteine residues . 

. In a particu!ady preferred embodiment of the presen.l invention; the domain antibody 

15 construct. forms a hornoclimcr with an identical domain antibody con~lruct. 

Accordingly in another aspect tlrc present iuvention provides a dlmeric domain antibody 

construct which binds lo humnn TNF-o. wherein the dimer consists of two domain 

antibody constructs according to the present invention. 

It is preferred that the dimeric domain antibody construct is a homodimer and it is 

20 particularly preferred that the domain antibody constmcl' making up lhc homodimcr 

comprJse an amino acid sequence wh.ich is nt least 60%, preferably at lea.it 80% identical, 

more preferably at least 90%, 95%, 96%, 97% .• 98% or 99% identical to the sequence set 

forth in SEQ ID No: 11, and mos I preferably t11c sequence set forth in SEQ ID No: 11. 

In a second aspect tile present invention provides a nucleic aci<l sequence encoding the 

25 domain antibody construct of the first aspect of The invention. 

Ln a thircl aspect the present invention provides an isolated nucleic acid molecule 

comprising a se4tJC.nce encoding a domain antih()(ly construct which binds human TN!'-o., 

wherein lhe nucleic acid molecule comprises a nucleic acid sequence at leu.,t 60%, 

preferably at !easl 80% identical, moreprcfcrab!y ul least S~l%, 95%, 96%, 97%, 98% or 
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99% identical to the sequence set forth in SEQ ID No:50 or SEQ lD No:51 and most 

preferably, the sequence set forth in SEQ ID No:50 or SEQ ID No:Sl. 

In a fourth aspect the present invention provides an isolated m1clcic acid molecule 

comprising a sequence encoding a- domain antibody construct which binds human TNI'·CI., 

5 wherein the nucleic add molecule comprises a nucleic acid sequence which hybridises 

under conditions of high stringency t<> the nucleotide sequence set forth in SEQ ID No:50 

or SEQ ID No:Sl. 

In determining wheiltcr or nol two polypeptide sequences fall within percentage identity 

limits, those skilled in the art will he aware that it is necessary to conduct a side-by-side 

10 comparison or multiple alignment of sequences. [n such comparisons or alignments, 

differences will arise in the positioning of non-identical residues, depending upcn the 

algorithm used to perform the aligrunent. In the pre-<ent context, reference lo a 'percentage 

identity' or 'similarity' between two or more amino acid seqt1cnces shall be taken lo refer to 

lhc number of identical and similar residues respectively, between said sequences us 

15 determined \Lsing any standard algorilhm known to tho'e 'killed in the nrt. For example, 

amino udd sequence identities or sirnilarilics may be calculated using the GAP programme 

and/or aligned using the PILEUP programme of the Computer Genetics Group, Inc., 

Uuiversily Research Park, Madison, Wbconsin, United. States of Arnerica (Devereaux er 

at, 1984). The GAP progtamme utilizes the algorithm of Needleman and Wunsch (1970) 

20 lo maximise the number of i<lentiClll!similar residue8 and to minimise the number und 

length of sequence gaps in tl1e alignment. Altematively or in addition, where.in more than 

two amino acid segucnces are being compared, the Clustal W programme ofTuompsott er 

al, (1994) i> used. 

In determining whether or not two nucleotide sequences fall within these percentage limits, 

25 tbose skilled in the art will be aware that it h necessary to conduct a side-by-side 

comparison or multiple alignment or sequences. In such comparisons or ulignmcuts, 

differences may arise in the positioning or non-identical residues, depending upon the 

algmitlun lt.>e<l lo perform the nlignmeut. In l11c present context, reference to a percentage 

identity between two or more nucleotide sequences shall be taken to refer lo die number of 

30 identical residues between said sequences as detennincct using auy standard algorithm 

known to those skilled in the art. For example, nucleotide sequences may be aligned and 
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their identity calculute<l using the BESTf'IT progrummc or other appropriate programme of 

the Computer Genetics Group, Iuc., University Research Park, Mu<lison, Wisconsin, 

United States of Aruericu (Devereaux et al, Nucl. Acid~ Res .. 11_:387-395, 1984). 

High stringency preferably involves hybridi>mtion under conditions of 65°C filld 0.1 xSSC 

5 { lxSSC = 0.15 M NaCl, 0.015 M Na, Citrate pH 7.0). 

Jn one cmbo<limcnt, the invention is further based on a method for amplification of New 

World primate irnmunoglobulin variahle region genes, for e.~ample hy polymerase chain 

reaction (PCR) from nucleic acid extracted from New World primate lymphocyte~ using 

primers spcc'ilic for heavy and light chain variable region gene families. For example, 

10 information regarding the boundaries of the variable domains of heavy un<l light chain 

genes (Ytt and V L respectively) can be med to design PCR primers that mn.plify the 

varinhle domain from a cloned heavy or light chain coding sequence encoding an antibody 

known to hind a given ru.itigen. The amplified variable region is then inserted either alone 

or· as a fusion with another polypeptide sequence for the human or prirnute constant region 

15 sequence of Lhc invention into a suitnble expression vector for production of the domain 

antibody construct of the invention. Suitable expression vectors will be familiar to those 

skilled in the art. 

The repertoire of Yn, V Land constru.it region domains can be a n~turaJly occurring 

repertoire of iru.munuglobulin sequences or a synthetic repertoire. A nnturnlJy occurring 

20 repertoke is one preµared, for example, from hrnnunoglobulin-exprcssing cells harvested 

from one or more primates. Such repertoires can be na'ive io, prepnred froin newborn 

immunoglobulin expressing ce.lls, or rearranged ie. prepnrcd from, for e'umplc, adult 

prinmte B cells. If desired, clones identified from a natural repertoire, or any repertoire 

that bind the tnrget antigen are then subject to mutagene.sis and further screening in order 

25 to produce 1md select variants with improved binding eharncteristlcs. 

Synthetic repertoires of single immunoglobulin vnriable domain.s are prepared by 

a1tjficial1y introducing <livers it~ inio a cioneU vuriul,16 doniahi. 

A repertoire of VH and V L dmnains CM be screened for desired-binding specificity il!ld 

functional behaviour by, for example phage dispfoy. Methods for the constmction of 

30 bacteriophage displuy libraries and lambda phage expression libraries are well known ill 
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the art, The phage display technique has been described extensively in the rut and 

examples of methods and e-01npounds for generating and screening such libraries and 
affinity maturing the pro<lucts of them can be found in, for example, Barbas et aJ, (l 991) 

PNAS 88:7978-7982; Clarkson et al. ( 1991) Nature 352:624-628; Dower et al, PCT. 
5 91117271, U.S. Patent No. 5,427,908, U.S. Patent No. 5,580,717 and EP 527,839; Fuchs et 

al. (J 991) Bio!Technology 9: l 370- 1372; Garrnd et al. (1991) BiofrcchJ1ology 9.: 1373-
1377; Garrard et at. PCT WO 92/09690; Gram et al. (1992) PNAS 89:3576-3580; Griffiths 
el ul, (1993) EMBO J 12:725-734; Grifflth.q et al. tl.S. Patent No. 5,885,793 a.nd BP 

589,877; Hawkius el al. (1992) J Mo! Hiol 226:889-896; Huy et al, ( 1992) HumAntibod 
JO Hybridon1a> 3:8 T -85: Hoogcnboom et al. (1991) Noc Acid Res 19:4133-4137; Huse el (I/, 

(1989) Science 246:1275-1281; Knuppik et al. (2000) J Mo! Biol 296:57-86; Knappik el 
al. PCT WO 97/08320; Laqncr et"'· U.S. Patent No. 5,223,409, No. 5,403,484, No, 
5,571,698, No. 5,837,500 and EP 436,597; MeCufforly et al. ( 1990) Nature 348:552:554; 
McOifferty et al. PCT. WO 92/01047, U.S. Patent No. 5,969,108 und EP 589,877; Salfeld 

15 el al, PCT WO 97/29131, U,S. P<,-\-e~\' Appii<:•"-l:'o" No. 2.cc>·ccc"r>5"4- ; and Winttlr et al. 

PCT WO 92120791 and EP 368,684. 

Recombinant libraries expressing the repertoire of V H and V,, domains can be expressed on 
the surface of microorganisms cg. YC"-'t or bacteria (see PCT publications WO 99136569 
and 98/49286), 

20 The domain antibody constrnct of the invention may be produced by recomhinant. means, 
including from eukaryotlc expression systems includu1g, for example., yeast, higher plant, 
insect and mammalian cells, as well as rungi and virally-encoded expression systems, us 
described ilerein or as known in the mt. 

The domain untihody co.llStrncts of the present invention can be prepared 11sing an S 
25 antibody encoding nucleic aciJ to provide trnnsgcnic plants and cultured plant cells (e.g., 

hut not limited to tobacco aud maize) that produce such consLructs in the plant parts or iu 
cells cultured therefrom. As a non-limltiug example, transgenic tobacco leaves expresslng 
recomb.inant. protcblS hnve been successfu11y used to provide !urge amounts of recomhinunt 
proteins, e.g., using an inducible promoter (see, e.g., Cramer et al., Curr. Top. Microliol. 

30 Jnllllunol. 240:95- 118 1999) and references cited therein. Also, transgenic maize ha.s been 
used to express mammalian proteins at co1runercial production levels, witll l>iologkal 
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activities equivalent lo those produced in other recombinant systems or purified from 

uatur<il sources (sec, e.g., Hood el al., Adv. Exp. Med. Biol. 464: J 27-147 J 999 aud 

references cile<l therein). Antibodies have also been produced in large runounts from 

transgenic plant seeds including antibody fragments, such ll< single chain antibodies 

5 (scfv's), inclu<ltng tobacco seeds and potato tubers (see, e.g., Conrad el al., Plant Mol. 

BioL 38: 10 l -109 1998 ru1d reference cited therein). Thus, the domain antib<l<ly constructs 
of the present invention can also be produced using trnnsgenlc plants, according ro known 

methods (see also, e.g., Fischer et al., Biotechnol. Appl. Biochem. 30:99- l 08 October, 
1999: Ma & Hein., Trends Biotcchnol, 13:522-7 1995; Ma et ul., Plant Physiol. !09:341-6 

10 1995; Whitelom et al., Biocbcm. Soc. Traw>. 22:940-944 1994; and reforences cited 
therein; each of the above references is entirely incorporated herein by reference). 

Die domain antibC>dy constructs of the present invention Include naturally purilicd 

products. products of chemical synthetic procedures, and products produced by 

recombii.rnnt techniques from a eukaryotic host, including, for exumplc, yeost, higher plant, 
15 insect and mammalian cells. Depending upon the host employed in a recombinant 

production procedure, the antibody constructs of the present invention can be glycosylatcd 
or can he non-glycosylated, with glycosylatcd preferred. Such methods arc described in 

many standar<l laborntory manuals Sambrook, et al., Molecular Cloning: A Laboratory 
Manual, 2"0 Edition, Cold Spring Horhor, N. Y. 1989, Sections 17.37-17.42; Ausubcl er al, 

20 eds. Ctlrrent Protocoh in Molecular Biology 1987-1993, Chaptern W, 12, 13, 16, 18 und 
20, Colligan a al., Current Prorocofa in Protein SdCtlce, John Wiley & Soll8, NY, N.Y. 
1997-2001, Protein Science, Chapters 12-!4, ull entirely incorpornted herein by reference. 

In one expression system the recombinant peptide/protein library is displayed on 

ribosomes (for examples sec Ro\>erts, RW and Szostak, J.W.1997 

25 Proc.Natl.Acad.Sci.USA. 94: 12297-123202 rui<l PCT Publication No. W098/3J 700). 

Thus another example involves the generation and in l'itro transcription of n JJNA library 
(eg of antibodies or derivatives prcfcrnbly prepared from immunised cells, but not w 

the ribosome, affinity selection (eg by binding to RSI'), mRNA isolation, reverse 

30 tnmslation and subsequent anipliCication (eg.by polymerase chain reaction or related 
technology). Ad<lirio!llll rounds of selection and amplification crui be coupled as necessary 
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to affinity maturation through introduction uf somatic mutution in this system or by other 

methods of affinity maturation as known in tile state of the art. 

Another example secs the application of emulsion compartmentalisation technology to the 

generation of the domain antibodies of the invention. In emulsion compartmentalisation, 

5 in vitro and optical sorting metl10ds are combined with co-compartmentalisation of 

translated protein and its nucleotide coding sequence in aqueow; phase within an oil 

droplet in an emulsion (sec PCT puhlications no's WO 99/026711 and WO 00140712). 

TI1c CDR sequences may be ohtained from several Aourccs, for example, dam bases such as 

The NatioUlll Centre for Biotechnology Information protein and nucleotide databases 

JO www.ncbi.nlm.nih.gov, TI1e Knhat Database of Sequences of Proteins of Immunological 

Interest www.kabnt.dntubuw.com, or the lMGT database www.imgt.cincs.fr. Alternatively, 

the CDR regions can be predicted from the Vn and V L domain repertoire (see for cxam.11lc 

Kabut EA and Wu Tf Auempts to locate complementarity <letennining residues in the 

variable positions of light and heavy chains. Ann. NY Acad. Sci. 190:382-393 (1971)). 

15 The CDR sequence may be a genomic DNA or a cDNA. 

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

region sequence and such methods will he familiar to those skilled in the art. The 

preferred method of the pre>ent invention involves replacement of the CDR2 in the 

vurbble region (or J.Ab) via primer directed mutagenesis. This mctllo<l consists of 

20 rumcaling a synthetic oligonucleotidc encoding a desired mutation(;) to a target region 

where ii serves a;; a primer for initiation of DNA symhesis in vitro, extending the 

oligonucleotide by a DNA polymerase to generate a double-stranded DNA that carries the 

de;; ired mutation, and ligating ru1d cloning the scqllence into an appropriate expression 

vector. 

25 Jn a preferred crubodimenl of the present invention, the New World primate CDR 

sequence is grnftecl into a variable ree,~on sequence which i;; of low immunogenidly in 

trnmans. 

By reference ro the tenn "low immunogenicily" it is meant that the dotnaio antibody 

construct or ant.igen-bindiug portion thereof, does not raise U!l antibody response in a 
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human of.sufficient magnitude to reduce the effectiveness of continued administration of 

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

Preferably, the variahle region sequence into which the New World primate CDR is 

grafted is the "tlAb acceptor sequence" (designated Compound 128), in Figure 1. The dAb 

5 acceptor sequence consists of the amino acid sequence set forth in SEQ ID No:5: 

10 

15 

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLJYSASELQSG 

VPSRFSGSGSGIDFfJ.TlSSLQPEDfiATYYCQQVVWRPFTFGQGTKVEIKR 
(SEQ lD No:5). 

This sequence is encoded by the nucleotide sequence set fort11 in SEQ JD No:6: 

GAC ATC CAG ATG !\CC CAG 'l'C'l:' tcA '!'CC TCT CTG TCT GCA TCT GTA GGA 
GAC CGT GTC ACC ATC ACT TGC CGG GCA AGT CAG A(",C AT'r GAT AGT 'l1AT 
TTA CAT TGG 'I'AC CAG cr.G 1\AA CCI\ GGO AAA GCC CCT AAG CTC C'l'G ATC 
TAT P.GT GCA TCC GAG TTG CAA AGT GOG GTC CCI\ TCA COT TTC AGT GGC 
ACT GGA TCT GGG ACA Gl\'f' TTC ACT CTC 1\CC ATC AGC AGT C'l'G CAA CCT 
GAA GAT TTT GCT ACG TAC TAC 'PGT CM CAG GTT G'l'G T(',G CGT CCT TTT 
ACG T 1rc CGC CM GGG l\CC AAG G'l'G GAA ATC AAA cc:c 
(SEQ ID No:6) 

Jn one preferred emhodimenl of the present invenlion, a marmoset New World priurnte 

CDR sequence SASNLET (SEQ ID No:4) is grafted into the variable region dAb 

20 acceptur seqt1cnce so"" to replace the CDR2 "equence ( SASELQS; SEQ ID No:55) of 

!he dAb acceptor fitl<)Ucuce to produce U1e following dAb (designated Compound 145): 

Compound 145 

DIQMI'QSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLJYSASNLETG 

VPSRFSGSGSGTDI'TLT£SSLQPEDFATYYCQQVVWRPFI'I'GQGTKVEII<R 

25 (SEQ lD No:7) 

T1rns, in one preferre<l embodiment, lhe dAb of the domain antibody constrnct which binds 

to human TNF-a, eompdses !he amino acid sequence set forth in SEQ ID No:7. 
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Ith within the ,;cope of the pre>ent invention, that the variable region sequence (cJAb) of 
the domain antibody construct may be further subject to uffinity maturation in order to 
improve its antigen binding charncteristics. This may necessitate the modification of 
certain amino ucid residues within CDRJ, CDR3 or fnunework of the domain antibody 

5 construct. 

For exllillplc, SEQ ID No:7 was affinity matured as set out in the Materials and MeU10ds 
und tested for TNF-a -binding. In a further preferred embodiment, the variable region 
(cJAb) of the domain antibody construct which hinds to human TNF-a comprises the amino 
Qcid sequence of SEQ ID No:8 or SEQ JD No:9. These have been designated Compound 

10 123 and Compound 100 respectively, und their sequences arc shown below: 

Compound 123 

DIQMTQSPSSLSASVGDRVTITCRASQAIDSYLHWYQQKPGKAPKLLIYSASNLET 
G VPSRFSGSGSGTDFTL TJSSLQPEDl-'A TYYCQQVVWRPFTl'GQGTKVE! KR 
(SEQ 10 No:8) 

15 Compound 100 

DJQMTQSPSSLSASVGDRVTJTCRASQSIDSYUl\VYQQKPGKAPKLLIYSASNLETO 
VPSRFSGSGSG'!UFILTISSLLPEDFATYYCQQVYWRPFTPGQGTKVRIKR 
(SEQ ID No:9) 

fn a particularly preferred embodiment, lhc variable region (dAb) of the domflin a.utibo<ly 
20 comtruct which binds to human TNF-o: comprises the amiuo acid sequence of SEQ TD 

No: 10. This has been designated Compound 1Y6 and the sequence is provided below: 

Compoundl% 

D!QMTQSPSSLS ASVGDR VTITCRASQAIDSYLHWY QQKPGKAPKLLIYSASNLET 
GVPSRFSGSGSGTDFTLTISSLLPEDFATYYCQQYYWRPPTFGQGTKVEIKR 

25 (Sf:lQ ID No: IO) 

1.t will be upprcciated by persons skilled in the art that the conslant region sequence of the 
domain antibody construct may be derived from hLunan or primate sequences. The primate 
sequence may be New World prinrn!c or an Old World primate sequence. Suitable Old 
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World primates include chimpanzee, or other hominid ape cg. gorilla or orangutan, which 

because of their close phylogenetic prcnimity to humans, share a high degree of homology 

with the human constant region seql\cnce. Prefernbly, the constant region is derived frotn 

a human antibody sequence. Examples of such sequences can be found in The National 

5 Centre for B\otechnology Information protein and nucleotide databases 

www.ncbi.nlm.nih.gov, and The Kubat Database of Sequences of Proteins of 

Immunological Interest www.knbptdatabasc.com. or the IMOT database 

www .i1ngtcine;).f1'. 

In designing the domain antiho<ly construct of the present invention, the inventors liave 

10 truncated the CHI domain of the constant (Fe) region. A minimal nun1ber of Cul domain 

residues have been retained in order t.o provide fiexibilily in the domain antibody construct 

around the hinge region. Preferably, ut least 20 C-lerrulnal amino acid residues of the CHl 

domain are retained, more preferably at lea't 10 amino acids, sti II more preferably at least 

5 amino acids, even more preferably a ;;llt.gle amino acid residue. 

15 Tims, in a preferred embodiment,. the domain autibody construct has a format comprising 

<lAb-C terminal Cul domain residu.,.hinge region-Cu2 domain-Crr3 domain as illustrated 

schematically in Figure 2. 

fn a pai1icularly preferred embodiment, the dmnaill ruttibody con.strnct has the amino acid 

sequence set forth in SEQ ID No:l I. 't'his has been designated Compound 170. 

20 Compound 170 

DIQMTQSPSSLSASVODRVTITCRASQAIDSYLHWYQQKPGKAPKLLTYSASNLET 

GVPSRfSGSGSGTDFTLTISS LLPEDP A TYYCQQVV WRPFTFGQGTKVEIKR VEPKS 

SDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV'l'CVVVDYSHEDPEYKFN 

WYVDGVEVHNAKTKPREEQYNSTYRVYSYLTVLHQDWLNGKEYKCKVSNKALP 

25 APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLY KGFYPSDIA VEWESNG 

QPENNYKTl'PPVLDSDGSFFL YS KL TVDKSR WQQGN VFSCSVMHEALHNHYTQK 

SLSLSPOK (SEQ ID No:! I) 

TI1e hinge region or the nattirally occurring immunoglobulin contains a cystciJ1e (C) side 

chain which facilitates the ronnation of a d.isulfide nond between die CnJ. domain of the 
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heavy chuin and the conslant domain of the light chain. Because the construct comprises 

only a single variable Jomain and thus leaves a potenlially reactive unpaired eysteine 

residue, the cysteine residue has been subslituted with an umino ucid residue which 

prevents disulfide bond fonnation. The potential consequences of having an unpaired 

5 cysteine =Y include reduced protein expreosion due lo aggregation und misfolding of the 

construct. 

It is to he understood that any hinge region sequence derived from any of the antibody 

classes would be appropriate for use Lu the present invention. It is prcferre<l however, that 

the hinge region is derived from lhe untibo<ly subclass IgG1. Preferably, the hinge region 

10 is ba\;e<l on the 11aturally occurring sequence of the hinge region of fgG1 an<l comprises the 

sequence EPKS~DKTHTCPPCPA (SEQ JD No: 12). In this sequence, the Cys which 

normally occurs at position 5 is replaced by the underlined boldcd Ser residue. 

Preferably, the C-tcrminal amino acid residue of the CH l domain is derived from IgG l. 

More prcfernbly, the Cf!l residue·;, u vali!le (V) residue or u conservative amino add 

15 substitution such as leudnc (L) or isoleucine (f). 111is residue is located !mme<liatcJy 

proximal to the hinge region and a."isls in increasing the fle~ibility of the constnrct around 

the hinge regio11. 

Sequences of die CH2 and CH3 domains are preferably derived from Swissprot database 

accession number POl 857: 

20 PELLGO PSVFU'PPKP KDTLM fSRTPEVTCY VVDVS HEDPJ:VKFN'NYVDOVEYI IN 

AKTKPREEQYNSTYRYVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG 

QPREPQVYTLPPSRDELTKNQVSLTCLVKGfYPSDIAVEWBSNGQPENNYKTTPPV 

LDSDGSFFLYSKLTVDKSRWQQONVFSCSVM!-IEALHNHYTQKSLSLSPGK 

(SEQ ID No:63). 

25 'fhe domain antibody con.,tnict may be Jerivatise<l or linked to LJnother fwtctional 

molecule. For example, the domain antibody co1istruct can he fuJJctionally Jinked by 
chemical coupJjng, genetic fusion, no11cova1cnt a<.;."iocl:1t.ion or otherwise, to one or n1ore 

other molecular entitie,, such "-' another antibrnly, a detecrnble agent, u cytotoxic agent, a 

pharmaceutical agent, and/or a protein OJ' peptide thal can mediate a"ociation of the 
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antibody or antibody-binding portion with another molecule (wch as a streptavidin core 
region or a polyhistidinc tag). 

Useful detectable agents with which the domnin antibody co1J.<;truct ruay be derivatised 
include fluorescent compounds. Exemplary fluorescent dctectnble agent' include 

5 fluorcscein, fluorescein isothioeyanate, rhodamine, 5-diniethylarnine-l-uapthuleucsulfonyl 
chloride, phycoerythrin and the like. The domain antibody construct mny ulso be 
derivatised wiU1 detectable enzymes such a.s alkaline pho.spharasc, horseradish peroxida<e, 
glucose oxidase and the like. When the domain antibody constrnct is dcrivatized with a 
detectable enzyme, it is detected hy adding additional reagents that the enzyme uses to 

10 produce a detectable reaction product. The domain antibody constrt1d may also be 
dcrivatiscd with biotin, and detected through indirect measurement of avid in or 
streptavidin binding. 

111e domain antibody conslnlct according to the inventio11 may be linked to one or more 
molecules which provide increased half,Jifc ai1<.l resistance to dcgrndution without loss in 

15 activity (eg binding affinity) in vivo. These molecules may be linked to the doniuin 
antibody construct via a linker so that they do nol iute1fere/8terically hiude1· the antigen 
binding site. Tl1cse adduct molecules include for example dAbs directed to au endogenous 
molecule as described in US patent application 2005027 I 663. Typically, such adduct 
molecules are polypeptides or fragments of polypeptides which occur natltrally in vivo and 

20 which resist degradation or removal h y endogenous mechmtisms. Molecule.< which 
iJH,Tensc half life. may he selected from the following; 

(a) proteins from the extracellular malrix, cg. collagen, luminin, integrin and fibronectin; 

(b) proteins found in blood, eg. fibrin a-2 mneroglohulin, srnmt albumin, llbrinogen A, 
fibrinogen B, sernm amyloi~ protein A, hcptaglohin, protein, ubiquitin, uteroglobulin, ~-2 

25 mkrnglobulin, plasminogen, lysozyme, cystalin C, alphn·l-antitrypsi11 and pMcreutie 
kypsin inhibitor; 

(c) immune serum proteins, cg. lg8, TgG, lgM; 

(d) tmn.>port. proteins, eg. retinol binding protein, cH microg,lohulin; 

(e) defensiiis, eg. heta-defensin 1, neutrophll defonsins J, 2 nnd 3; 
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(f) proteins found at the blood brain barrier or in neural .tissues, eg. melanocortin receptor, 
myelin, ascorbate transporter; 

(g) trausfenin receptor specific ligand-neuropharmnceutical agent fusion proteins (see 
US5977307); brnin capillaty ertdothelial cell receptor, trnnsfcrrin, transferrit1 receptor, 

5 insulin, insulin- like growth factor 1 (!OP 1) receptor, insulin-like growth factor 2 (IGF 2) 
receptor, insulin receptor; 

(h) proteins localised to the kidney, eg. polycystin, type IV collagen, organic anion 
transporter Kl, Heymann's antigert; 

(i) proteins localised to the liver, eg. alcohol dehydrogenasc, 0250; 

10 (j) blood c<rngulation factor X; 

(k) ex- r untitrypsin; 

(I) HNF lex; 

(rn) protein.I localised to the lung, eg. secretory component (binds IgA); 

(n) proteins localised to th0 heart, cg, HSP 27; 

r 5 (o) proteins localised to the skin, eg, keratin; 

(p) bone specific proteins, such as bone morphogcuic proteins (BMPs) cg. BMP-2, -4, -5, -
6, -7 (also referred to as osteogcllic protein (OP-J) and-8 (OP-2); 

(q) tumour specific proteins, eg. human trophoblast anllgen, herceptin receptor, oestrogen 
receptor, cathepsins eg cathepsin B (found in liver and spleen); 

20 · (r) disease-specific protein.~. cg. antigens expressed only on activated T- cells: irtcJuding 
LAG-3 (lymphocyte activation gene); osteoprotcgerin ligand (OPGL) see Kong YY el al 
Nn1Ure (1999) 402, 304-31l9; OX40 (a member of the ·rNF receplor family, expressed on 
activated T cells and the only costimulaLory T cell molecule known to be specifically up­
regnlated in human T cell leukaemia virus type-I (HTLV-l)-producing cells - see Pankow 

25 R eJ al J. ImmuuoL (2000) fol l ;J 65(1):263-70; meta!loproteases (associated wiLl1 
arthritislcunccrs), including CG6512 Drosophila, human paraplcgin, human PtsH, hUillilJl 
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AFG3L2, murinc ftsH; angiogcnic growth factorn, including acidic tlbroblast growtl1 factor 
(FGF-1), basic fibroblast growth factor (FGF-2), Vascular endothelial growth 

foctorlvasrnlar permeability fodor (VEGF!YPP), transforming growth factor-a (TGF-o:), 

tumor necrosis factor-alpha (TNF-a), angiogcnin, intcrleukln-3 (IL·J), intcrleukin-8 (JL.. 

5 8), platelet derived endothelial growth factor (PD- 8CGF). placental growth factor (PlOF), 
mid.kine platelet-derived growth factor-BB (POOF), fractalki.ne; 

(s) stress proteins (he<1t shock proteins); and 

(l) proteins involved in Fe transport. 

The present invention also extends to a PEGylate<l domain antibody construct which 
10 provides increu.<c<l half-life 1111d resistance to degredation without a loss inactivity (e.g. 

binding affinity) relative to non-PEGylated antibody polypeptides. 

The domain antibo<ly construct can be coupled, using methods known in the art, 10 

polymer molecules (preferably PEG) '"eful for achieving the increu.<ed half-life and 
dcgradatjon resistance properties. Polymer moieties which can be utilised in the invention 

15 · can be synthetic or nattmilly occuTI"ing and include, but not limited to straight or branched 
chain polyalkykne, polyalkcnylene or polyoxyalkyleoe polymers, or a brancbe<l or 
unbranched polysacchmidc such as a homo-or hcteropolysacd1aride. Preferred examples 
of' synthetic polymers which CM be used in the invention include straight or branched 
chain poly( ethylene glycol) (PEG), poly(propylcne glycol), or poly( vinyl alcollol) and 

20 .derivatives or substitLlted fom1s thereof. Purticularly preferred substituted polymers for 
linkage to the domain antibody construct include substituted PEG, including 
mcthoxy(polyethylenc glycol). Naturnlly occuJTing polymer rnoieties which om be used iJ1 
addition to or i.n place of PEG include bctose, aruylose, dextra.n, or glycogen, us well us 
derivatives thereof which would be recognised by persons skilled in the art. 

25 TI1e polymer (PEG) molecules useful in the invention can be aHuched lo the domain 
~ntibo0y r,on,c;truct u~ing n1ethods \vhich are well known in the art. The ftrsl step ln the 
utt.1chmcnt of PEG or other polymer moieties to the domaiu antibody con~tn1ct of U1e 
invention is the substitution of the hydroxyl end-groups of the PEG polymer hy 
clectrnphilc·containing functional groups. Particularly, PEG polymers are attached lo 

30 either cysteine or lysiue residues present in the domain antibody construe! monomers or 
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multimcrs. The cysteine and lysine residues can be nutuially occurring, or cun be 
engineered b1to the domain antibody corrntruct ruolecu!c. 

Pegylation of the domain antibody corL~tructs of the invention may be accomplished by any 
number of means (see for example Kozlowski-A & Harris-JM (2001) Journal of 

5 Controlled Release 72:217). PEG may be attached to the domain antibody construct either 
directly or by nn intervening linker. Linkerless systems for attaching polyethylene glycol 
to proteins is described in Delgado er a/., (l 992), C1it. Rev. Them. Drug Carrier Sys. 
9:249-304 ; Francis el al., (I 998), Intern. J. Hematol. 68: l -18; US 4,002,531; US 
5,349,052: WO 95/06058; and WO 98132466, the disclosures of each of which are 

10 incorpornted herein by referenco. 

One system for attaching polyethylene glycol directly to amino add residues of proteins 
wit11out un intervening linker employ>; tr:esylated MPEG, which is produced by the 
modification oI mon<>methoxy polyet11ylene glycol (MPEG) using trcsylchloride. 
Following reaction of amino acid re.sidues wit11 tre,ylatcd MPEG, polyethylene glycol is 

15 directly attached to the nmiile groups. Thus, the invention Includes 'protein-polyethylene 
glycol conjugates produced hy reacting proteins of the invention with u polyethylene 
glycol moleclllc huving a 2,2,2-trilJuoreothunc sulphonyl group. 

Polyethylene glycol can also be attached to proteins using a number of different 
intervening linker.>. For example, US 5,612,460 discloses urethane link.en; for connecting 

20 polyeLl1ylene glycol to proteins. Protein-polyethylene glycol conjugates wherein !be 
polyethylene glycol is attached to the protein by a linker cru1 also be produced by reaction 
of proteins with compounds such as MPEG-sucdnimidy!sucdnatc, MPEG activated with 
l, 1 '-carbonyldUruidazolc, MPl:lG-2,4,5-trichloropcnylcarbonate, MPEG-p­
nitrophenolcnrbonate, and vurious MPEG-succinate derivatives. A number of additional 

25 polyethylene glycol derivative> and reaction chll1llistries for attaching polyethylene glycol 
to proteins arc described in WO 98/32466, tl1c entire disclosure of Which is incorporated 
herein by reference. 

rn a pa1ticulurly prefemxl embodiment of the present invention the domain antibody 
construct is coupled directly to polyethylene glycol via a lysine residue. Tn yet another 

30 preferred embodirucnt of the present invention, the domain amibody construct;, cot1plcd 



22 

directly to PEG via a cysteinc residue. The unpaired cy~teine residue could pre-exist in the 

set1uence, could be added hy incorporating a cysteine residue in, for example, the C­

terrninu.s of the domain antibody construct. Altcmativdy, altachmclll of the PF.G to the 

domain antibody constrnct could be facilitated via a disulphide bonded cysteine such as 

5 I.hat described in US20060210526. 

Other derivati7.ed forms of polymer molecules include, for e~amplc, derivatives which 

have additiorui.1 moieties or reactive groups present therein to permit interaction with 
amino udd residues of the domain antibody construc(1' described herein. Such dcdva1ives 
include N-hydroxylsuccinimidc (NHS) active esters, succinimidyl propionate polymers, 

10 and sulfliydryl-selcctlve reuctive agents such as maleirnide, vinyl sulfone, and thiol. PEG 
polymers can be linear molecules, or can be branched wherein multiple PEG moieties arc 
present in a single polymer. 

The reactive group (e.g., MAL, NHS, SPA, VS, or TWol) may be att~chcd directly to the 

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

15 The siz.e of polymers useful in the invention can be in Uic range of 500 Da 10 60 kDa. for 

cxruuple, hetween 1000 Da an<l 60 kDa, 10 kDa an<l 60 kDa, 20 kDa and 60 kDa, 30 kDa 
and 6(1 kDa, 40 kDa and 60 kDa, and up lo between 50 kDa and 60 kDa. The polymers 

used in the invention, particularly PEG, cao. be straight chain polymers or may possess a 
branched confomrntiun. 

20 In a futther embodiment, the domain antibody construct according to the first aspect muy 
he multimeriscd, ns fur example, hctcro- or hornodimcrs, hetem- or horuotrimers, hetero­

or homolelramers, or higher order hetero- or hornomultimers. Multimerisation can 

increaBe the strength of antigen binding, where.in the strength of binding is related to the 

sum or the binding affinities of the multiple binding sites. 

25 In a fifth aspect, the invention provides a pharmaceutical composition comprising an 

effective amount of the domain antibody constn1ct according to the first nspecl, together 

with a phnrmaceuticaJly ,1cceptahle currier or diluent. 

A "pbannaccutkolly acceptable carrier" includes any und all ~olvcnts, disper>i011 mcdia, 

coatings, antibacterial and ant.ifungal agents, isotonic and ab">rption delaying agent<, and 
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lhe like which are physiologically compatible. Examples of pharmaceutically ·acceptable 

carriers include one or more of water, saline, phosphate buffered "'line, dextrose, glycerol., 

ethanol, and the like a' well a~ combinations thereof. ln many cases it will be preferable to 

include isotonic agents, for example, sugars, polynlcohols such as mannitol, sorbitol, or 

5 sodium chloride in the composition. PhaIT11aceutica1ly acceptable substances such as 

minor amounts of auxiliary substances such as wetting or emulsifying agents, preservatives 

or buffen;. 

The composition may he in a variety of fomis, including liquid, semi-solid aud solid 

dosage forms, such as liquid solutions (eg inhalable, injectable and infusible solutions), 

10 dispersion.' or suspensions, tablets, pills, powders, liposorncs and suppositories. 

Preferably, the composition is in the form of an 11\ie<:tahle solution for inummization. 'TI1c 

adminis1ra1ion may be intrnvcnous, intra-arterial, sub9utanCO<L,, intrnperit.oncal, or 

i11tramuscular. 

Tllcrapculic compositions typically must he sterile Md stable Wl<ler the conditions of 

15 manufactme and storage. The compositions can be formulated as a solution, 

microcmulsion, cfopersion, Jiposomc, or other ordered strncture suitable to high dntg 

concen!Iation. The proper tluidity of a solution can be muintained by for example, use of a 

·coating such as lecithiTI and/or surfactants. Sterile injectable solutions can be prepared by 

incorporating the active compound (ie. qomain antibody constn1ct.) ill the re<Juired amount 

20 into an approprinte solvent with one or a cumhino.tion of ingredients listed above, followed 

by filtered sterilisation. 

T11e composition may also be formulated us a sterile powder for the preparation of sterile 

injectah.le solutions. 

In certain embodiments the active compound may be prepared with a carrier that will 

25 protect the compouud against rapid release, such as a controlled release rnm1ulat.ion, 

including implant>. trnnsdc1mal patches, and microencapsuluted delivery systems. 

Comparibic polymers may be used sucll <1S ethylene vinyi acdatc, polyanhydridcs, 

polyglycollc acid, collagen, polyorthoesters and polylactic ndd. 
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The composition may also be formulated for oral administration. fa this embodiment, the 

domain antibody construct may be enclosed in a hard or soft shell gelatin capsule, 

compressed into tablets, or incorporntcd directly into the subject's diet. 

Formulations tlrnt allow for pulmonary, rectal, transde1mut; intrathecal and intraocular 

5 administration wlll l>e familiar to potsO!Ls skilled in tile art. 

Supplementary active compounds can also be incorporuted into the composition. The 

domain antibody construct may be co-formulated with Md/or co-admiillJ;tered with one or 

more additional therapeutic agents cg. soluble TNF-ct receptor or a chemical agent th:Jt 

j.nhlbits human 'l NF-ct production, or antibodies that bind other tai·gern such a5 C)tokincs or 

10 cell surface molecules. Alternatively, it may be co-adtnlnl<lered with a soluble 

immunochemical reagent such as protein A, c: G or L. 

An effective amow1i may include a thcrnpeutically effecrivc amount or prophylactically 

effcctivo amount of the domain ftlllibody construct of the invention. A therapeutically 

effective amount refers lo an amount effective at dosages and for periods of time 

15 necessary, to achieve the desired therapeutic result. A prnphy!actically effective amount 

refers to an amount ,effective, at dosages and for pel'lods of time necessnq, to achieve the 

desired prophylactic result Because a prophylactic dose L' administered to a subject prior 

to or at an earlier stngc or <liseru;e, the prophylactical!y effective amount may be less than . 
the tllcrapcutically effective amount. 

20 In a sixth aspect, the present invention provides for the use of !he domain antibody 

constmct according to the fit~t aspect of the invention in a diagnostic application fo1· 

detecting human TNF-a. 

For example, lhe 11nti-humnn TNF-u domain antibody construct according to the invention 

can be used to detect human TNF·a for example in a biological sample, such a.' "erum or 

25 plasma using a conventional immunoa0>ay, such as an enzyme linked imrnunosorben! 

assay (ELISA), a radioimmunoassay (RIA) or tissue immunohistoehcmi.,!ry. The ru1ti­
humun TNF-ct domain antibody constrnct according to the invention can be assayed in 

biological Duid.s by a competition immunoassay Ltfiing recombinrult human TNF-a 

standards labelled with a detectable substance and an unlabelled antH:mman TN.fl-a 
30 m1lihody. 
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The artti-hurnan TNF-a domain amibody construct according to the invention may also be 
u'ed lo detect TNF-a from species other than human.~ such as non-human primate> 
including.cynomolgus, chimpam:ee, marmoset, rhesus and other species such as dog, rat, 
mouse, rabbit, cat, pig, bovine. 

5 The anti-human TNI'-a domain antibody construct according to the invention may also be 
used in cell culture applications where it is desired to inhibit TNF-a activity. 

In a seventh a.<pect, the invention provides a method for Lreating a disorder characterised 
by hLUnau TNF-a activity in a human subject, comprising administering to the subject a 
phnrn1uceutical composition according to the second a<pect of the invention. 

I 0 A disorder characterised by hi1man TNF-u activily is intended to include disea,es um! 
other diwrders in which the presence of TNF-a in a subject suffering from the disorder has 
been shown to be or is suspected of being either responsible for the parhophysiology of the 
disorder or a factor which contributes to a worsening of the di:>order. Preferably, the 
disorder cliarncterised by humilll TNF-u uctivily is selected from the group consisting of 

15 inflammation, inilamnrntory diseases, sepsis, including septic 'hock, cndoroxic shock, 
gram negative sepsis iind toxic shock syndrome; autoilllmune disease, including 
rheumatoid arthritis, juvenile arthritis, rheumatoid spondylitis, ankylosing spondylitis, 
Sjogrcn's syndro111e, osteomthritis illl<l gouty ul'iliritis, allergy, multiple sclero.>is, 
a11toimrnune diabetes, autoimmune tiveitis, pi;otiu.>is, pemphigoid and ncphrotic syndrome; 

20 irttlamruatoty conditions of the eye, including macular degeneration, uveitis, l:leh9et's 
disease; infectious disease, including fever and myillgius due to iriJccrlon and cachexia 
secondary to infection; graft versus host disease; rumour growth or metastasis, hematologic 
malignilllcies; pulmonary disorders including asthmu, adult respiratory distress S)~1drome, 
shock ll111g, cbronic pulmonary infiummator,y disea~e, pulmonary sarcoidosi.s, pulmonary 

25 fibrosis and silicosis; inflammatory bowel disorders .including Crohn's disease ru1d 
ulcerative colltis; cardiac disorders, congestive heart failure; vascular disorders including 
Wcgener's diseuse, giant cell uneritis; intlruwnatoiy bone disorders, central nervoa' 
sy~tem disorders such as A1zhcir11er1s di~e~se; per.ipheral nervous system disordcrn such as 
sciatica, hepatitis, coagulation disturbances. bums, rcpcrfusion injllly, endometrosis, keloid 

30 formation and ~car tissue formation. 
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Jn a particularly preferred embodiment, the disorder'charncterised by human TNr-a 
activity is age-related macular degeneration. TNF-u is implicated in stimulating VEGF 
production nnd promoting neo'vasculari.&ation in tllc eye (Oh-H el a/., 1999 Investigative 
Ophthalmology & Visual Science 40: ! 891-98), and therefore inhibitors of TNF-a activity, 

5 such as the domain antibody constructs described herein, would he useful for thempy of 
angiogcnesis-rclated ocular disorders including age-related macular degeneration. 

111roughout this specifl<,;ation the wor<l ucomprise"1 or variations such as !'compri.sesu or 
"comprising", will be understood to imply tllc inclusion of a stated element, integer or step. 
or group of elements, integers or step.~. but not the exclusion of any otJ1er element, integer 

10 or step, or group of efoments, integers or steps. 

All publications mentioned in this specification. nre herein incorporated by rcfcrcnec. Any 
disctc%ion of documents, acts, materials, devices, articles or the like which has been 
included in the pre,ent specification i' solely for the p\H'pose of providing a context for t!J.c 
present invention. It is not to be k1kcn as aJl. admission that any or all of these matters form 

I 5 pa1t of the prior mt base or were common general knowledge in the field releVaJJt to the 
present invcmion as it existed in Australia or elsewhere before the priority date of each 
claim of this application. 

In order that die nature of the present invention may be more clearly understood, preferred 
forms thereof will now he described with reference to the following 11011-limit.ing 

20 cxaJJ1plcs. 
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EXAMPLE 1 

Materiab and Methods 

Isolation of New World primate Vi.genes 

Marmoset (genus Callithrb:, species unknown) und Owl monkey (Aotu.1· trivirgarus) 
5 genomic DNA were obtained from the European Collection of Cell Cullurcs (ECACC), 

cntalogue numbers 85011419 nnd 90110510 respectively. Marmo.,el DNA was derived 
from cell line B95-8 while Owl monkey DNA came from cell line OMK 637-69. 

Degenerate primers based "n httmaJJ Vic leader seqllcnces and recombination signal 
sequences (RSS) we«e derived frorn Walter iind Tomlimon, Antihody Engineering: A 

10 Practical Approach ( 1996). 'Die primers used for amplification of gemllinc VK DNA were 
as follows: 

Primer VKlB L 
AATCKCAGGTKCCAGATG (SEQ ID No:l3) 

Primer VK l BL35a 
15 GTTYRGGTKKGTAACACT (SEQ ID No:l4) 

Primer VK1BL35b 

ATGMCTTGTWACACTGTG (SEQ ID No:\5) 

PCR (30 cycle") was perfom1ed using Taq polymernse with either primer pair 
VK 1 BLxVKlBL35a or VKlBLxVK I BL35b. There wa5 overlap between the sequences 

20 cloned and the 1 wo primer sets u.~ed. 

Genomic PCR products were cloned into lnvilrogcn's TOPO TA cloning kit (Cat No 
K 4500-0 l) and sequenced with Ml 3 Forward and pUC Reverse primers. S equencc was 
eonfirmeu in fonvard and reverse directions. In order to further conrinn key sequences 
were not subject lo PCR errors, the PCR and cloning process was repeated twice for 

25 marmoset sequences. Ntrcleotidc (SEQ ID Nos: 16-26 aod SEQ ID.Nos:38-43) and amino 
aciu (SEQ ID Nos:27-37 and SEQ ID Nos:4+49) are given in Figure 3. Marmoset 
sequences I, 2 and 3 were confim1ed. SC(JUcnces 4. 5, 6, 7 aJJd 8 were seen only in the 
initial PCR. Sequences 9, IO and 11 were seen only in Ll1e repeat (ie second) PCR and 
cloning. 
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Oli}io Synt.hesis a11d Ciu11i11g into Acceptor Sequence 

Four CDR sequences, numcly AATKl,QS (SEQ ID No:!) from Owl monkey sequence l 

(SEQ ID No:44),. EASSLQS (SHQ ID No:2) from Owl monkey sequence 2 (SHQ ID 

No:45), "EASKLQS (SEQ lD No:3) from Marmoset se<1uencc I (SEQ JD No:27), and 

5 .SASNLET (S5Q ID No:4) From Marmoset seqwnce 2 (SEQ JD No:28), were chosen 

from lhe aminu acid sequence' shown in Figure 3. Owl Monkey sequence 5, YASSLQS 

(SEQ ID No:56) wa.1 found to bo identical to GI6 l 76295 an Aotu.1 naneymaae (Ma's night 

monkey) cDNA sequence, nll other oequences were uniq11e. 

The acceptor variable region (anli-TNF domain antibody) sequence in the expression 

10 vector (Domantis prnprict<try vector) was digested (25 µg) scgucntially with Kpnl and 

SanDI whicl1 excises the 111ajority of FR2 as wel I as CDR.2 as indicated on the restriction 

digest m<lp, rig urn 4. The vector was then gel purified lo remove the excised wild-type 

FR2 and CDR2 sequence. 

Oligo anneoling wos performed by incubating oligo pairs (500 pmol ,basccl on sequences 

J .'i shown in Figure 3) at 95°C for 5 minutes fol lowed by 65°C fo1· 5 minutes and then allowed 

to n::ach room temperature slowly on a liot block. Overlaps were then filled i.n during a 

KJenow reaction in the presenco of dNTPs. Molecular cloning of the oyiithctic double­

strnn<led DNA (derived by uligo annealing and cn<l filling) into .tho acceptor variable 

region sequence \Vas achieved using standard tnethods. 

20 A jjinily Maturation 

25 

The monnr1s.et CDR-grnfted dAb Compound 145 (SEQ][) No:7) was aft1nity man1rn<l by 
eonstrncting 14 separate libraries, each a diversification of the sequence of SEQ ID No:7 at 
u single amino acid residue. The selected residues arc 9hown ~haded below. 

DlQMTQ~SSL'>~SVGDRVTfl'CRASQ~qJl~klwYQQ~PGK!PKLUYSASNl.ETG 
VPSRFSGWJSG'l'P.if1TL"l'ISSI..f!PBDFATYYCQomh~1·rGQG"rKVEIKR 

'rhe selection w·;.t~ b&:;cJ upun re:-;iducs in (;f1R I ancl <..:OR3 that ilfC kno\vn to be 
di versified in the mature human Jg repc11oi re, and framework resichms that have been 
observed to produce functional proteins after mutagencsis in related dAbs. For each of the 
selected residues, cornplimentury forward and reverse PCR pd mer pairs were designed 

30 with N.KK degeneracy, and two initial PCR reactions were performed each with a single 
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mutllgenlc primer and flanking primer. After clean-up, the two PCR_products were 

annealed and then amplified using flanking primers alone (spllcing hy overlap extension or 

PCR; Lowman H.L. & Clack.son T. (ed.'i), Phage Display: A practieal approach, Oxford 

University Press , 0>.ford, OK). Clones were initially scr.;,,ned by BUSA using solid-

5 phase TNF, and positive clones were sequenced. dAb protein was purified from the best 

clones and evaluated !'or potency in receptor binding assays and L9Z9 cytotoxicity assays. 

Compoundii 100 (SEQ ID No:9) and 123 (SEQ lD No:S) were found to have improved 

TNF-neutralization relative to the parent dAb, Compound 145 (SEQ TD No:7). 

Combination of the affinity-enhancing substitutions of Compotm<ls ioO nnd 123, yielded 

10 an anti-TNP dAb with further improved potency in the L929 cytotoxicity assay 

(Compound 196; SEQ ID No: I 0). 

Cell Culture 

CHOKlSV cells (Lonza Biologics, UK), a suspension variant of CHOK l, wcte mainrnlned 

in Jogarillmuc growth phase in CD CHO media Bltpplernented with 6 mM L-glutamine 

15 (lnvitrogen Cat Nos. 10743·029 and 25030-081). Cullurcs were incubated at 36.5'C, 10% 

C02 mtd shaking at 140 rpm. 24 hours before Lransfoction cell number· and viability was 

a.~scssed by trypan blue exclusion (Sigma Cal No. T8154) on a haemocytometer. 8 x. 106 

viable cells were pelleted ar 200 x g for 5 minmcs and resuspended in 8 ml of CM25 media 

(Lonza Biologics. UK) supplemented with 10% heat inactivit1ed dialysed fetal calf scrum 

20 (lnvilrogcu Cat No. 26400-044) aml 6 mM L-glutamine. Cclfo were plated out at 500 µl 

per well in a 24 well plAte lUld incubated nt 36.5°C, 10% C01. 

3 hours before transfection the media was replenished wlth u fresh aliquot of 500 µI CM25 

media supplemented with 10% heat inactivated dfolyxed fetal calf scrum and 6 mM L­

Glutrunine. 

25 Expres,ion vectors 

Gene sequences for Compound 112 (SEQ ID No:50) and Compound 170 (SEQ lO No:51) 

were optimized for mummnlian cell expres~ion and synthcsi.Zed. 
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Compound 112 

GACATCCAGATGACCCAGAGCCCCAGCAGCCTGAGCGCCTCTGTGGGCGATAGAGTGACC 
ATCAcCTGCAGAGCCAGccAGGCCATCGACAGCTACCTGCACTGGTATCAGcAGAAGCC'r 
GGcAAGGCcCCTAAGCTGCTGATCTACAGCGCCAGCAATCTGGAGACCGGcGTGCCTAGC 

5 ·AGATTCAGcGGcAGcGGCTCCGGCACCGACTTCACCCTGACCATCAGCAGCCTGCTGCcT 
GAGGATTTcGCcACCTACTACTGCCAGCAGGTGGTGTGGAGACCTTTCACCTTCGGCCAG 
GGcACCAAGGTGGAGATCAAGCGGGTGGAGCCCAAGAGCTGCGATAAGACCCACACCTGC 
CCCcccTGccCTGcCcCcGAGCTGCTGGGCGGACCCAGCGTGTTCCTGTTCcccCCCAAG 
CCTAAGGAcACCCTGATGATCAGCAGAACccCCGAGGTGACCTGCGTGGTGGTGGATGTG 

JO AGCCACGAGGAccCTGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAAT 
GCCAAGAccAAGCCCAGGGAGGAGcAGTACAACAGcACCTACCGGGTGGTGTCCGTGCTG 
ACCGTGCTGCACcAGGATTGGCTGAACGGcAAGGAGTACAAGTGCAAGGTGTCCAACAAG 
GCCCTGcCTGcCCCTATCGAGAAAAccATCAGcAAGGCCAAGGGCCAGCCCAGAGAGCCC 
CAGGTGTACACCCTGCCCCCTAGcAGAGATGAGcTGACCAAGAACCAGGTGTCCCTGACC 

15 TGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAG 
CCCGAGi\ACAACTACAAGACCACCCCCcCTGTGCTGGACAGCGATGGCAGCTTCTTCCTG 
TACAGCAAGCTGACCGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGCTGCAGC 
GTGATGCAC.GAGGCCCTGCACAATCACTACACCCAGAAGAGCCTGAGCCTGTccccTGGC 
AAG (SEQ ID No:50) 

20 Compound 170 

GACATCCAGATGAcCCAGAGCcCCAGCAGCCTGAGCGCCTCTGTGGGCGATAGAGTGACC 
ATCACCTGCAGAGCCAGcCAGGCCATcGAcAGCTAcCTGCACTGGTATCAGCAGAAGCCT 
GGCAAGGCCCCTAAGCTGCTGATcTACAGCGCCAGCAATCTGGAGACCGGCGTGCCTAGC 
AGATTCAGCGGCAGCGGCTCCGGcAccGAcTTCACccTGACCATCAGCAGCCTGCTGCCT 

25 GAGGATTTCGCCACCTACTACTGCCAGCAGGTGGTGTGGAGACCTTTCACCTTCGGCCAG 
GGCACCAAGGTGGAGATCAAGCGGGTGGAGcCCAAGAGCAGCGATAAGACCCACACCTGC 
CCCCCCTGCCCTGCCCCCGAGCTGcTGGGCGGAcCCAGCGTGTTCCTGTTCCCCCCCAAG 
CC'rAAGGACACCCTGATGATCAGCAGAACCcCcGAGGTGACCTGCGTGGTGGTGGATGTG 
AGCcACGAGGACCCTGAGGTGAAGTTCAACTGGTAcGTGGACGGCGTGGAGGTGCACAAT 

30 GCCAAGACCAAGCCCAGGGAGGAGCAGTACAAcAGCACCTACCGGGTGGTGTCCGTGCTG 
ACCGTGCTGCACCAGGATTGGCTGAACGGcAAGGAGTACAAGTGCAAGGTGTCCAACAAG 
GCCCTGCCTGCCCCTATCGAGAAAAccATCAGCAAGGCCAAGGGCCAGCCCAGAGAGCCC 
CAGGTGTACACCCTGCCCCCTAGCAGAGATGAGCTGACCAAGAACCAGGTGTCCCTGACC 
TGCcTGGTGAAGGGCTTCTAcCCCAGCGAcATCGCCGTGGAGTGGGAGAGCAACGGCCAG 

35 CCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGATGGCAGCTTCTTcCTG 
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TACAGCAAGCTGACCGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGCTGCAGC 
GTGATGCACGAGGCCCTGCACAATCACTACACCCAGAAGAGCCTGAGCCTGTCCCCTGGC 
AAG (SEQ ID No:51) 

Each sequence was flanked at the 5' end with a Hind Jll site, a Kozak sequence 
5 (GCCACC; SEQ ID No:57) and a humnn fgO kappa leader seguence (amino acid sequence 

MSV!Yl'QYLGLLLLWLTDARC; SEQ ID No:58). At the 3' end two stop codons and an 
EcoR I site were added to each sequence. Followin,g syrilhesis genes were provide<l cloned 
into a pCRScrlpt vector (Stratagene) and were released by Hind rrr I HcoR f digestion in 
the appropriate restriction enzyme buffer (Roche Diagnostics Cat.Nos. 10656313001, 

l() I 0703737001 and 11417967001 respectively). Tile GS cxpre"ion vector pEE12.4 (Lon7.a 
Biologics, UK) was similarly digested and dcphosphorylated using calf intestinal alkaline 
phosphatase Roche Diagnostics Cat No. 10713023001). Each gene wa.s ligate<l into the 
prepared pEE12.4 backbo11e using the LigaPastRaphl DNA Ligation System from 
Promega (Cat No. M822 J ). Ligations were then transformed into One Shot Top W 

15 chcmicall.y competent cells (In vtrogen Cat No. C4040-03) and posltlve colonies identified 
by stnndard techniques. Large quantities of the resulting.vectors (pRE12.4·PN0621 and 
pEE12.4-PN0521-S J 14C) were prepared by midiprep of overnight cultures using 
QlAfilter mldiprcp columns (QJAgcu Cftl N<>. 12243). Vectors were prepared for 
trruisfection hy precipitming 20 µg in I 00% cthru10l with I/ I 0 volume of 3 M sodium 

20 acetate (pfl 5.2) (Sigma Cal Nos. P7023 and S2889 respectively). Following a wash in 
70% cilinnol, vectors were rcstrnpended in 40 µJ of T.E. pf! 8.0 (Sigma Cat No. TY285) at a 
working concentrntioJ.l of 0.5 µg/µI. 

Tranifectiott 

For euch lransfection 2 µl of LipofectnmiJle 2000 was added to 50 µl of Optimem I media 
25 (!nyitrogen Cat. Nos. 11668-027 and 31985-062) in a well of u 96 well plate. In a second 

well 1.6 µI of the expression vector (0.8 µg) was adde<l to 50 µl of Optimem I media. 
Following a 5 rninmc room temperature incubation the contents of the two wells were 
mixed together and lef1 for a further 20 minute incubation. Following this second 
incubation the wllolc trnnsfection mixture w'" ad(ied to a well in the 24 well plate 

30 containing the CHOKlSV cells. Cells were iJlcubuted for at least 72 hours and 
superuarants harvested. Supcmnrams were centrifuged al 4,001) JI g for 5 minutes to pellet 
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cell debris and were stored at -20°C until expression of Compound 112 (SEQ ID No:59) 

and Compound 170 (SEQ JD No:ll) was ossayed by TNF ELISA. 

Cvmpound 112 

D JQMfQSPSS U>ASVGDRVTITCRASQAIDSY LHWYQQKPG K.APKLLIYSASN LET 

5 GVPSRFSGSGSGIDFTLTISSLLPEDFATYYCQQVVWRPFI'FGQG'rKVEIKRVEPKS 

CDKTIITCPPCPAPELLGGPSYFLFPPKPKDTLMISRTPEV'l'CVYVDVSHEDPEVKFN 

WYYDGVEVHNAKTKPREEQYNSTYRVVSVLTYLHQDWLNGKEYKCKVSNKALP 

APIEKT!SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLV KGFYPSDIAYEWESNG 

QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSYMIIBALHNHYTQK 

10 SLSLSPGK (SEQ ID No:59) 

TNFELJSA 

Mkrntitre plates (e.g. Sarstedt 82.9923-148) were coated with a 1 µg/mL 'olutiou of 

human recombinant TNF-a (Peprotech Cat# 300-01 A) in carbonate/bicarbonate coating 

buffer pH 9.6, I 00 µI.Jwcll. After ovemlght incubation at 4uc, pl~tes were washed 3 times 

15 with PBS (0.01 M, pH 7.2) with 0.05% Tween 10, .and 3 times wid1 PBS. 200 µ1, blocking 

bu!Ier (PBS witlt 1 % BSA {bovine scrum albumin, Sigma Cat# A-9647)) was added per 

well and incubated at 25"C for l hour. Plale.s were washed, as ahove, and 100 µL volumes 

of sample or Compound 170 standards diluted in antibody diluent (PBS wilh I% BSA and 

0.05% Tween 20) were added per well. After 1 hour incubation al 25uC, plates were 

20 washed~ as above, and 100 µL volumes of secondary antibody (peroxidase-conjugated goat 

anti-human immuuoglobulin.s, Zymed, Cat# 81-7120) at I :1000 dilution in antibody 

diluom were added per w.ell. Plates were wa~he<l and 100 ~!L volumes of ABTS substratc 

(2,2' -Azino-bis(3-Elhylbenz-Thiazoline-6-Sulfonic aciJ) diammouium salt, Sigma Cat# 

A-1888, 0.5 mglmL in clrrate buffer pH 4.4, with 0.03% H102) were acldcd per well. 

25 Substrate was developed for 30 minutes at room temperature and absorhanee read al 405 

nm (reference 620 rui1). Sample concentrations were determined relative l<> the standard 

curve and were expressed relative to the mean concentration of Compound 112 expressed. 
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Results 

Irtclu;·fon uftnmcated Cfil 

fnclusion of the truncated Cul in the domain antibody constrnct results in a jllllction 

be!ween !he variable domnin nod hinge with higher homology. lo u conventional IgG 1 Cul-
5 hinge junction (91.7%) rllan ajtmction lacking the tnmcated Cnl (83.3%; ca!cula!e<l LL,ing 

Align X on Vector NT! (lnvitrogen) with a gap opening penalty of I). Enhanced 

homology is likely to translate to increased resemblance to convcntionnl immunoglobulin 
peptide sequences to which human patients shoul<l he immunologically tolerant, thereby 
reducing imn1unogenic potential. 

JO Sequences: 

Co1npound 170 vaf'iahlc r~gion·tn.rncnWJ CHl-hinge. junction: 

fgG1 CHI ·hinge junction (NCBI accession AAG00909): 

Compound 170 val'iahle regioll-hingc junction (truncated C" l ab,em): 

CHI sequence is shaded as indicated. 

TKWT.KR~PKS (SEQ TD \'le' G 5) 

:i~~WEPKS (SEG1 I'.\>'~"" (,(,) 

TK\m1KREPKS (c;EcQ X'.:l> Ne"(, ·p 

15 CHI domain (SEQ lD No:60) obtaillc<l trom NCBf protein dntabase 

(http://www.ncbi.nlm.nih.gov) AAOO\J909 : 

1 STKCPSVF"PL }U)f:SK£:Tf.G0. 'l'MWC.:LVI<D YFPEPV'lVS!.J H£CALT8G\TH 11'1-'PAVLQBSC 

6.1 r.vr:r.$.8VV'l'V PSGSLGTOTY ICNVNHXPSN TKVDKRVEPK SCDKTJJTCPP CPA.PELLGGP 

121 b'VFLFPPKPK DTLNISRTPE \rrCVVVDVfiH EDPr;VJ\FNIVY VDGVEVHNAK 'l'KPREEQYNP, 

20 1$1 TYRVVSVL'I'V LHQDWLNGKt: Yl\CKV3NKAL PAPIBKTISK .A.KGQPREPQV Y'rLPPSREEN 

24. 1 TKNQV~~J/fCL VKGFYPS~IA VEWESNGQPE illn'XTTPPVL [)l.~DGS'FFLYS KLTVDKSRWQ 

301 UGNY.F.SCSVM HEALHNHY'fQ KSLSLSPG!< 

CH 1-h inge junction is indicated in underline. 
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Neutraliuition oj' TNF-a-itiduced Cy I<> toxicity 

The ability of the domain antihrnly conslrucl Compound 170 (SEQ ID No: 11) to neutralize 
TNF-u-mediate<l cytotoxieity was assessed uslng a murine L929 cell viability a%ay. Serinl 
dilutions of Compound 170 in RPM! medium with I 0% foetal hovine serum (RPMI-FBS) 

5 were prepare<l in 50 µL volumes in flat bottomed 96 well plates. To each of these wells 
was added 50 µL recombinant human TNF-o. (Strathmann Biotec, I lmnburg, Germany) at 
a concentration of 360 pgfmL, followed by 2.5;d04 L929 cells in 50 µLand 25 µL 
Actinomycin D at 4D µg/mL, all prepared in RP.MI-PBS. Controls included wells with no 
TNF (for determination of 100% viuhility), no cells (0% viability) and a TNF-cr slrutdard 

IO curve ranging from 2 pglmL to 4200 pglmL. Culture plates were incubated in a 5% C01 

atmosphere at 37"C for 20 hours .. then for u further 3 hours after lhe addition or 25 µL 3-
( 4 ,5-<li methyl lh iuzol -2 yl )-5-(3 -carboxymcllioxyphcoyl )-2-( 4-su lfopheny!), 2H-tetruzoli um 
(MTS)lphenazine ethosulfote (PES) (Prnmegu CellTiter 96 AQ""'"' One, Madison USA). 
Ahsorhance at 492 run was determined against a rcforcncc wavelength of 630 nm and 

15 viability curves were plotted using average values calculated from triplicate test wells. Tiic 
TNF-a-neutn\lizing ability of Compound 170 is indicated by increasing cell viability with 
incre<ising concentrations of Compound 170 (Figure 6). 

Netltra/iwtion ofTNF-a bimling lo human p55 and p75 TNF receptors 

Tiie ability of the domain antibody construct Compound 170 (SEQ ID No: 11) to inhibit 
20 binding ofTNF-a to hunHlli p55 and p75 TNF receptors was evaluated by receptor binding 

assays. flurnan p55 (RnD systems, Cat No: 372-RI) or p75 (RnD systems, Cat No: 762· 
R2) wa" coated onto Maxisorb plates (Nuno) nt 0.1 µg/mL in carbonate conting buffer pH 
9.2 by overnight incubation at 4 "C. Serial half-log <lilutiom or Compound 170 ranging 
from 100 µg/mL down to 3.15 ng/nlL (ru1d a no Compound 170 'blank' control) were 

25 prepared ill antibody diluent (PBS pH 7 .2, 0.05% Tween-20, 1 % BSA) and were mixed 
with an equal volume of 60 nglmL human TNF-u. in ru1tibody diluent. /\. blrulk containing 

were allowed to incubate for exactly I hour at room temperalure with gentle agitation. 
During this incubation the coated plotcs were washed 3 times with PBS, 0.05% Twcen-20 

30 and then 3 limes wlth PBS. The plates were then blocked with 200 µJ/ well of PBS, 1.% 
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13SA for 45 minutes at room ccmperature .. Following washing of the plate, l 00 µ! of the 

Compouud 170/TNF-a mixtures ·were added to triplicate wells for each conccntrntion of 

Compound 170 tested along wilh addition of all the controls. The plate was then incubated 
at room .tempc:rnture for l hour. Following washlng of the plute, a biotinylute<l anti-human 

5 TNF-a untibody (RnD Systems, Cat No: BAF2IO) was added at 0.6 µg/mL in antibody 

diluent to each well and incubated for 1 hour at room temperature. Following washhi.g a 
StreptavWin-HRP conjugate (Zymed, Cat No: 43-4323) WM .added at 1 :2000 in antibody 
diluent and incubated at room temperature for 45 mins. Visualization was performed using 
TMl:l substrate (J.nvitrogen, Cat No: 00-2023) stopped with 1 M HCl after 4 minutes. 

10 Ab8orbaucc readings were then meic,urc<l at 450 nm lL'\ing a reference of 620 nm. 

Analysi' was performed by calculating the average absorbunce Of the triplicates. The 
average of the non-specific binding (no TNF-u) wa' 8ubtractcd from each absorbruice 

value. 

111e rcslllts are indicated in Figure 7 a11d show that Compound 170 prevents the interaction 
IS of TNF-tt with the human p55 or p75 TNF receptors. 

Binding of cel!•bound TNF·a. 

Analysis of binding lo cell-bound (trnn8membrane) TNF-u was performed using an NSO 

cell line, 27D4, stably transfecte<l with a gene encoding human TNF-a protein lacking a 
TACE cleavage site, such that TNF-n remains cell membrane-associated hec4usc it cannot 

20 be cleaved. A similar cell line based on another muri:ne myeloma (SP2/0) has be<:0n 

described (Scallon et al., (1995) Cytokine 7 251-259). 

Bow cytometry analysis was perfonncd on 5 x l 05 viable 27D4 cells per sample with a.U 
steps perfonned at .4°C or on ice. Cell pellets were resuspended with test (Compou.nd 170; 
SEQ ID No: 1 J) or lrrelevant-specil'idty lsotype-ma!~he<l control (Sigma, Car No: L'i' 154) at 

25 lDO µg/ml in PBS containing 2% FBS, and incubated on ice for 1 hour. Two cell wash 

cydcs were performed, each comprising, centrifugation for 10 minutes at 1000 x g and 
resusper;siort of the cell ftClict in PBS/2o/.'1 FBS. Fcllo\•.ring ~r.other centrifugation ~tep the 
cell pellet was resuspended In ·100 µI secondary antibody conjugate (Antl-homan Fe FITC 
conjugate, Sigma, Cat No: F9512) and incubated for 30 ruins. The samples were then 

30 washed twice as described above and cell pellets resuspended in 500 µl PBS/2%Ff!S with 



36 

5 µg/mL propidium iodide (Sigma, Cat no: P4864). Fluorescent ~taining of cells was 

anulyse<l on a Beckrnan Coulter Cell Lab Quanta Oow cytometer and data wm; processed. 
u•ing WinMDI. 

The results are ind_icated in Figure 8, and show tliat Compound 170 stain1ng of 

5 transmembra.t1e TNF-a-cxpressing NSO 2704 <;ells (solid black line) show.~ higher 
fluorescence intensity tlmn irrelevant specificity isotype-matchcd control (grey fill), 

Creation ({{ higft Compound 170-expre>·•i11g cet/ Imes 

Stable cell lines of CHO Kl SV expressing Compound 170 (SEQ ID No: 11) were created 
using the expression veci:or described in lhc Materials and Methods. Brictly 1 x l 07 cells 

10 in logarithmic grow_a1 phase were clcctropornted in.glutarnine-frcc CDCHO protein-free 

media in the presence of 40 µg of linearised plasmid DNA. 24 hours posHransfection a 

selective pressure of 50 µM medl.ionine sulphoxim.ine (Sigma) was applied and resistant. 
cells were allowed to form colonies in 96 well plates. When approaching confluence, 

single colonies were tr~sfcrred to 24 well"plates, T25 and tJ1en 175 flasks. Once over 
15 confluent in 175 flasks cell lines were progressed to culture in E125 EJ.'lenmeyer Dasks and 

ad<ipted to suspension growth over 6 subcultures. Once adapted to suspension growth cell 

lines were cryoprescrved in a freeze mix of92.5% CDC.HO media:7.5% DMSO. 

Whilst cell lines were being expanded th.wugh the different. well am.I flask sizes; a number 

of productivity assessment-' were performed in parallel to lhe progress of the cell lines to 
20 the next stage. Thus at the 24 well plate and E 125 Erlenmeyer fla'k srngcs productivity 

a'scssments were pcrforme<L T.n each case cells were .allowed to grow for 14 days and 

supematants cval11.ated by the TN~' ELISA method described in Example l for levels of 

Cornpound 170, Cell lines were ranked on the productivity and au; hlghest JO were 

selected for evaluation in a proprietary fed-batch productivity assessment at Lonza 

25 Biologics. Productivities obtained were between 700 mg/Land 3371 rug/L. A lead cell 

line with a productivity of 2724 mg/L was Belcctcd for eva.!Ltation in J.OL laboratory scale 
fcr1nenters. 

four separate f OL laboratory scale fcrmenters were run over 15 days with the lead cell line 

and a proprietary generic fed batch process based on the protein-free CDCHO media. The 
30 resulting mean productivity of the 4 fermentations was 4851 mg/L with the highest 
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productivity being 4925 mg/L (the highcs1 reported level of productivity previmrnly 

reported by Lonza Biologics for a non clonal cell line in n l 5 day fermentation is 3560 

mg/L). The. JO L laboratory-sen le fe1menters used were designed to mimic the 

fermentation conditions found in larger scale fcnncnters up to 2000 L, hence the lead cell 
5 line is expecte<l to be suitable for commercial scale manufacture. bldeed similar 

expression levels were observed in a 200 L fermen!er. 

Product harvested from the 4 x 10 L fcnncatations of the lead cell line expressing 

Compound 170 (SEQ ID No: t I) was purified hy Protein A affinity ehronrntography and 

analysed by SOS PAGE under both reducing and nou-reducing conditions. As shown in 
10 Figure l l, Compound 170 is expressed as a monomer of approximately 90 kDa. TI1is 

mouomer is composed of 2 subunits or approximately 40 k:Da which are apparent in Figure 
12 when the SDS PAGE is nm under reducing conditions. Since SDS PAGE is not 
suitable for e~act si7.ing of proteins further analysis o!' the Compound 170 monomer has 

been perfonne<l. ESI·MS (clcctronspray ionisation ma.>S spectrometry) has si~cd the 
15 Componnd .l 70 monomer at 78.739 kDa. This is ill agreement with the predicted 

molecular weight of 2 subunits (2 x JS.058 "76.116 kDa) each of which also carry a bi­
antennary core fucosylate<l glycan sugar streuturc. 

Long ,'iern1n lzaifwlife in 1to1t-lturnan 11riJnat.es 

Compound 170 (SEQ ID No: 11) was administered wbcutaneou.sly to cynomolgus 

20 monkeys at doses of0.5, 5 and 50 mg/kg, and blood srunples were taken at 0.5, 1, 2, 6 and 

24 hours then at I day, 2, 4, 7, 10 and 14 days. AJrnlysis of these samples for quamitation 

of Compow1d 170 levels was pe1fonned using the m1ti-TNF ELISA mctl10d described in 

Exrunple l. Elimination half-life wns determined by analysis of the levels of Compound 

170 in these sample». At 0.5 rug/Kg an elimination half-life of l l0.5 ± 13.9 hours was 

25 calcufoted. At 5 mg/Kg and 50 mg!Kg elimination half-lives of 110.9 ± 10..4 and !03 .5 ± 
11.S holli'S were calculated. 

When Compound i7li was administered by intravenous ro\lle at 50 rngiKg bioo<l sampies 

were tnken nt 10, 30 and 60 minutes, 4 and 24 hours, 2, 4, 7, 10 and 14 days. Analysis of 

these smnplcs for quontitation of Compound 170 levels was performed using the :lllti-TNf' 

30 EL!SA method described in Example 1. Elimination half-life was determined by analysis 
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of the levels of Compound 170 in lhese samples. Following 50 mg/Kg intravenous 

adrn.inistrntion an elimination half-life of 109.6 ± 10.7 ho.urs was calculated. 

Favorable Safety Profile 

Compound 170 (SEQ ID No:tl) manufact11red to GMP standards was evaluated in animal 

5 safety and toxicology studies. 

Single dose safety 

DiJforont monkeys administered single doses of Compound 170 at 0.5, 5 and 50 mgfkg hy 

suhcutaneous or intravenous route of administration .showed no effects related to their 

treatment with Compound 170. In these studies microscopic examination of a range of 

10 organs was undertaken aud no effects were observed. 

Escoluting dose amt repeat do.,e sqj(;ty 

Starting with a dose of.0.5 mg/kg given eitl1cr subcutaneously or intravenously escalating 

doses up LO 50 'mg/kg were administered lo cynomolgus monkeys every 7 days. Animals 

were assessed for a wide range of physiological md hehaviournl parameters including 

15 haematology, cl inicaJ chcmislry. body nnd organ weight and macroscopic in,pection of 

organs following llt-Cropsy. Throughout these srndies no adverse reactions to Ll1e treatment 

wit11 Compound I 70 were rep"rted. following the conclusion of the dose escalation phase 

of studies those an.inrnls which received the eocalaling dose subcutaneously were 

administered with a further 4 do.ses of 50 mg/kg over a further 4 week period. Again no 

20 effects, across the wide range of parameters, related to th.e treatment with Compound l 70 

were observed. 

Cardiovasrn/ar s'!fety 

The cardiovascular safety of Compound 170 at 50 rug/kg was evaluated in cynomolgus 

monkeys fitted with radio-telemetry monitors. These rnolliton; repott a range of 

25 respiratory and cardiova.,cular parnmcle1' directly from the conscious monkey» 

Following do.,ing with Compound 170 no adverse trcatment~re\ated clinical obscrvalions 

were repotted. 
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Bacterial Expression 

Compound 170 (SEQ ID No:! I) in preceding examples wu.' produced in mammalian 

expre~:sion systems. Functional Compotmd 170 was also produced using a bacterial 

expression syst.e111. 

5 Tne amino acid sequence for Compound 170 minus the signal sequence was buck­

trnnslated and optimized by GeneOptimizer'™ for E.coli expression and synthesized de 

· novo at GcneArt Gmbl1. The S)'ll!hesized gene wos subcloned into the pBAD gfTI I His­

tagged expressfon vector (Tnvitrogen) via Ncol and I lindlll restriction sites (Roche) 

generating a vector ready for bacterial expression. TOP10 cells (lnvltrogen) were 

10 trnnsfonned with the vector by the heat shock method and glycerol stocks of sillgle 

colonies genernted. Induction conditions were 0.002% arabinose (Sigma; final 

concentration) aod 4 ht induction pe.riod. Compound 170 protein samples were generated 

using the osmotic shock mctl10d a' detailed in the pBAD bacterial cxpresoion system 

manual (lnvitrogcn). The BCA assay (Pierce) was used to dctcnnine the total protein 

15 conccntrntion of the samples. Bacterial ly-exprcsscd Compound 170 was a"ayed for 

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

Figure 9 shows that Compound 170 produced in a bacteriul system rcuilnc<l binding to 

TNF-a in an El.ISA assay. 

The DNA sequence for bacterial expression of Compound I 70 is as follow" 

20 ATGGCGAGCACCGATAT'I'CAGATGACCCAG.AGCCCGAGCAGCCTGAGCGCGAGCGTGGGT 
GATCGTGTGACCATTACCTGCCG1'GCGAGCCAGGCGATTGATAGCTATCTGCATTGGTAT 
CAGCAGAAACCGGGCAAAGCGCCGAAACTGCTGATTTATAGCGCGAGCAACCTGGAAACC 
GGCGTGCCGAGCCGTTTTAGCGGCAGCGGTAGCGGCACCGATTTTACCCTGACCATTAGC 
AGCCTGCTGCCGGAAGATTTTGCGACCTATTATTGCCAGCAGGTGGTGTOGCGTCCGTTT 

25 ACCTTTGGCCAGGGCACCAAAGTGGAAATTAAACGCGTGGAACCGAAAAGCAGCGATAAA 
ACCCACACGTGCCCGCCGTGTCCGGCGCCGGAACTGCTGGOTGGCCCGAGCGTGTTTCTG 
TTTCCGCCGA.AA~~~AAA~A~A~CCTGATGATTAGCCGTACCCCGGP~~GTGACCTCCCTC 
GTGGTGGATGTGAGCCATGAAGATCCGGAAGTGAAATTCAACTGGTATGTGGATGGCGTG 
GAAGTGCATAACGCGAAAACCAAACCGCGTGAAGAACAGTATAACAGCACCTATCGTGTG 

30 GTGAGCGTGCTGACCGTGCTGCATCAGGATTGGCTGAACGGCAAAGAATACAAATGCAAA 
GTGTCTAACAAAGCGCTGCCc:;QCGCCGATTGAAi\AAACCATCAGCAAAGCGAAAGGCCAG 
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CCGCGTGAACCGCAGGTGTATACCCTGCCGCCGAGCCGTGATGAACTGACCAAAAACCAG 

GTGAGCCTGAccTGCCTGGTGAAAGGCT'rTTATCCGAGcGATATTGCGGTGGAATGGGAA 

AGCAACGGCCAGCCGGAAAACAACTATAAAACCACCCCGCCGGTGCTGGATAGCGATGGC 

AGCTTTTTCCTGTATAGCAAACTGACCGTGGATAAAAGCCGTTGGCAGCAGGGCAACGTG 

5 TTTAGCTGCAGCGTGATGCATGAAGCGCTGCATAACCATTATACCCAGAAAAGCCTGAGC 

CTGAGCCCGGGTAAAGCGGCGGCG 

(SEQ ID No:6 I) 

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

MASTDIQMTQSPSSLSASVGDRV'l'ITCRASQAJ:DSYLHWYQQKPGKAPKLLIYSASNLET 

10 GVPSRFSGSGSGTDFTLTISSLLPEDFATYYCQQWWRPFTFGQG'l'KVEIKRVEPKSSDK 

'l'HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKE'NWYVDGV 

EVHNAK'l'KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ 

PREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG 

SFFLYSKLTVDKSRWQQGNVFSCSVWJEALHNHYTQKSLSLSPGKAAAVDHHHHHH 

15 (SEQ ID N0:62) 

fo vivo efficacy o/Compmuul 170 irt a Ttt111ta11 TNF-mediated murine arthritis model 

The human TNF transgenic mouse line, Tgl97, shows deregulated TNF expression and 

develops chronic inflonunatory polya1thritis (Keffer, J, el. al. (1991) Transgenic mice 

expressing human tumor necrosis factor: a predictive genetic model of arthritis. blvlBO 

20 Journal I 0:4025-31), Administration of Compound 170 (SEQ ID No: 11) prevented the 

devdopmcnt of arthritis tmd as.<ooiatcd weight Joss in these mice (Figure JOA & B). 

Groups of 8 heterozygous Tgl97 (each containing 4 males and 4 females) were treated 

wilh twice weekly intraperitoneal injections of Compotmd 170 und irrelevant spei:ifioily 

control .human lgG 1 (palivizumab (Synagis®), Medlmmune/Abbott) in PBS, both at IO 

25 mg/kg. Treatment commenced when mice were 3 weeks of age. At weekly intervals, mice 

were weighed and scored (arthritic score) based on macroscopic ankle morphology 

(swelling, dislorlion rutd degree of movement), 

Substitutum o/Cys at pnsitia11114 in Compo11nd . .I l2 results in irlcrw>-etl protein 

t!Xpression 

30 Compound l 12 (SEQ ID No: 59) is a modification of Compound 170 (SEQ ID No:! I) 

wh.icil contuins a cysteine residue at position 114 instead of n serine residue which is 
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pre.,enl in this position in Compound 170. The effe~i of substituting cysteinc 114 for 
serine on protein expression wa' evaluated by comparison with Compound 170. Multiple 
cultures of host cells transfecte<l with gene constmcts for Compound 112 and 170 were 
assayed for protein expression hy ELISA with solid phm<e TNF "·'set out in Materials and 

5 Methods. The results are set out in Figure 11. 

lt will be appreciated by pers\ms skilled in the art that numerou.' variations aud!or 
modification.~ may be made to the invention as shown in the sp~il1c embodiments wiLJmut 
departing from the spirit or scope of the invention as broadly described. The present 
emhodiments arc, therefore, to be considered in all respect5 us illustrative and not 

10 restrictive. 
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CLAIMS 

I. A domain antibody construct which binds to human TNF-a, 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 

CHI 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 

10 f01mation between heavy and light antibody chains. 

15 

20 

2. The domain antibody construct according to claim I wherein the human or primate heavy 

chain constant region sequence having a truncated CH I domain comprises not more than I 0 

residues. 

3. The domain antibody construct according to claim 2 wherein the human or primate heavy 

chain constant region sequence having a truncated CH I 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 CH I domain comprises not more than a single 

residue. 

5. The domain antibody construct according to any one of claims I to 4 wherein the 

25 sequence of the CHI 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. 

30 

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 I to 6 wherein the dAb 

comprises an immunoglobulin heavy or light 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:!), EASSLQS (SEQ ID No:2), EASKLQS (SEQ ID No:3), and 

35 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 

5 antibody has a sequence selected from the group consisting of: 

10 

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG 

VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVVWRPFfFGQGTKVEIKR 

(SEQ ID No:7); 

DIQMTQSPSSLSASVGDRVT!fCRASQAIDSYLHWYQQKPGKAPKLLIYSASNLET 

GVPSRFSGSGSGTDFfLTISSLQPEDFATYYCQQVVWRPFTFGQGTKVEIKR 

(SEQ ID No:8); 

15 DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG 

VPSRFSGSGSGTDFTLTISSLLPEDFATYYCQQVVWRPFTFGQGTKVEIKR 

(SEQ ID No:9); 

DIQMTQSPSSLSASVGDRVTITCRASQAIDSYLHWYQQKPGK.APKLLIYSASNLET 

20 GVPSRFSGSGSGTDFTLTISSLLPEDFATYYCQQVVWRPFTFGQGTKVEIKR 

(SEQ ID No: IO); 

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKPPKLLIYSASNLETG 

VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVVWRPFTFGQGTKVEIKR 

25 (SEQ ID No:52); 

30 

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG 

VPSRFSGRGSGTDFTLTISSLQPEDFATYYCQQVVWRPFTFGQGTKVEIKR 

(SEQ ID No:53); 

DIQMTQSPSSLSASVGDRVTITCRASQSIDSYLHWYQQKPGKAPKLLIYSASNLETG 

VPSRFSGSGSGTDFTLTISSLVPEDFATYYCQQVVWRPFTFGQGTKVEIKR 

(SRQ ID No:54); and 

35 a sequence at least 95% identical to one of these sequences. 
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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 ID No: 12). 

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

I 0 constant region comprises CH2 and Cu3 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 CH2 and CH3 domains 

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

15 

14. The domain antibody construct according to claim 13 wherein the CH2 and CH3 domains 

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

15. The domain antibody construct according to claim 14 wherein the Cu2 and Cu3 domains 

20 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 Cu2 and CH3 domains 

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

25 17. The domain antibody construct according to claim 16 wherein the CH2 and CH3 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 CH2 and CH3 domains 

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

30 

19. The domain antibody construct according to claim 18 wherein the CH2 and CH3 domains 

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

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

35 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 I to 20 wherein the amino 

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

5 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. 

10 

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 

15 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. 

20 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. 

25 

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 I to 29 wherein the 

30 domain antibody has low imrnunogenicity in humans. 

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

consists of two domain antibody constructs according to any one of claims I to 30. 



46 

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 

5 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 

I 0 least 80% identical to the sequence set forth in SEQ ID No: 11. 

15 

20 

35. 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 

25 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 

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

35 

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:! I. 

5 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-a., wherein the nucleic acid sequence is at least 60% 

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

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. 

15 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:5 I. 

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:5 l. 

20 

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:5 l. 

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

25 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:5 I. 

30 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:5 I. 

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:5 l. 

35 
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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. 

I 0 54. A phannaceutical 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-a in a sample comprising contacting the sample with 

15 an effective amount of a domain antibody construct according to any one of claims 1 to 41 and 

detecting the amount of bound domain antibody construct. 

20 

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-a 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 

25 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 

30 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 inflammato1y disease, 

pulmonary sarcoidosis, pulmonary fibrosis and silicosis; inflammatory bowel disorders including 

35 Crohn's disease and ulcerative colitis; cardiac disorders, congestive heart failure; vascular 
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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, bums, reperfusion injury, endometrosis, keloid 

formation and scar tissue formation. 

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

is an angiogenesis-related ocular disorder. 

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

I 0 degeneration. 



SEQUENCE LISTING 

<110> DOYLE, Anthony G. 
WOOLVEN, Benjamin P. 
TOMLINSON, ran M. 
LEE, Jennifer A. 
JENNINGS, Philip A. 

<120> DOMAIN ANTIBODY CONSTRUCT 

<130> 529282002500 

<140> us 11/670,261 
<141> 2007-02-01 

<150> us 60/817,507 
<151> 2006-06-28 

<160> 68 

<170> FastSEQ for windows version 4.0 

<210> 1 
<211> 7 
<212> PRT 
<213> Aotus trivirgatus 

<400> 1 
Ala Ala Thr Lys Leu Gln Ser 

1 5 

<210> 2 
<211> 7 
<212> PRT 
<213> Aotus trivirgatus 

<400> 2 
Glu Ala Ser Ser Leu Gln Ser 

1 5 

<210> 3 
<211> 7 
<212> PRT 
<213> callithrix, species unknown 

<400> 3 
Glu Ala Ser Lys Leu Gln Ser 

1 5 

<210> 4 
<211> 7 
<212> PRT 
<213> callithrix, species unknown 

<400> 4 
Ser Ala Ser Asn Leu Glu Thr 

1 5 

<210> 5 
<211> 108 
<212> PRT 
<213> Artificial sequence 

1 



<220> 
<223> synthesized construct 

<400> 5 
Asp Ile Gln Met Thr Gln Ser Pro Ser ser Leu ser Ala Ser val Gly 

1 5 10 15 
Asp Arg val Thr Ile Thr cys Arg Ala Ser Gln Ser Ile Asp Ser Tyr 

20 25 30 
Leu His Trp Tyr Gl n Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 

35 40 45 
Tyr ser Ala ser Gl U Leu Gln Ser Gly val Pro ser Arg Phe Ser Gly 

50 55 60 
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser ser Leu Gln Pro 
65 70 75 80 
Gl U Asp Phe Ala Thr Tyr Tyr Cys Gl n Gln val val Trp Arg Pro Phe 

85 90 95 
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg 

100 105 

<210> 6 
<211> 324 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 6 
gacatccaga tgacccagtc tccatcctct ctgtctgcat ctgtaggaga ccgtgtcacc 60 
atcacttgcc gggcaagtca gagcattgat agttatttac attggtacca gcagaaacca 120 
gggaaagccc ctaagctcct gatctatagt gcatccgagt tgcaaagtgg ggtcccatca 180 
cgtttcagtg gcagtggatc tgggacagat ttcactctca ccatcagcag tctgcaacct 240 
gaagattttg ctacgtacta ctgtcaacag gttgtgtggc gtccttttac gttcggccaa 300 
gggaccaagg tggaaatcaa acgg 324 

<210> 7 
<211> 108 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> synthesized construct 

<400> 7 
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser 

1 5 10 
Asp Arg Val Thr Ile 

20 
Thr Cys Arg Ala Ser 

25 
Leu His Trp Tyr Gl n Gln Lys Pro Gly Lys 

35 40 
Tyr Ser Ala ser Asn Leu Glu Thr Gly val 

50 55 
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65 70 
Gl u Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 

85 90 
Thr Phe Gly Gln Gl y Th r Lys Val Glu Ile 

<210> 8 
<211> 108 
<212> PRT 

100 

<213> Artificial sequence 

<220> 

105 

Leu Ser Ala ser Val Gly 
15 

Gl n ser Ile Asp Ser Tyr 
30 

Ala Pro Lys Leu Leu Ile 
45 

Pro Ser 
60 

Arg Phe ser Gly 

Ile Ser Ser Leu Gln Pro 
75 80 
val Val Trp Arg Pro Phe 

95 
Lys Arg 

2 



<223> synthesized construct 

<400> 8 
Asp Ile Gln Met Thr Gln Ser pro ser ser Leu ser Ala Ser val Gly 

1 5 10 15 
Asp Arg val Thr Ile Thr cys Arg Ala Ser Gl n Ala Ile Asp Ser Tyr 

20 25 30 
Leu His Trp Tyr Gl n Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 

35 40 45 
Tyr Ser A la ser Asn Leu Glu Thr Gly val Pro ser Arg Phe Ser Gly 

50 55 60 
ser Gly ser Gly Thr Asp Phe Thr Leu Thr Ile ser ser Leu Gln Pro 

65 70 75 80 
Glu Asp phe Ala Thr Tyr Tyr cys Gln Gln val val Trp Arg Pro Phe 

85 90 95 
Thr Phe Gly Gln Gly Thr Lys val Glu Ile Lys Arg 

100 105 

<210> 9 
<211> 108 
<212> PRT 
<213> Arti fi ci a 1 sequence 

<220> 
<223> synthesized construct 

<400> 9 
Asp Ile Gln Met Thr Gln Ser pro Ser ser Leu ser Ala Ser val Gly 

1 5 10 15 
Asp Arg val Thr Ile Thr cys Arg Ala ser Gln Ser Ile Asp Ser Tyr 

20 25 30 
Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 

35 40 45 
Tyr Ser Ala ser Asn Leu Glu Thr Gly val Pro ser Arg Phe Ser Gly 

50 55 60 
ser Gly ser Gl y Th r Asp Phe Thr Leu Thr Ile ser ser Leu Leu Pro 
65 70 75 80 
Glu Asp phe Ala Thr Tyr Tyr cys Gln Gln va 1 va 1 Trp Arg Pro Phe 

85 90 95 
Thr Phe Gly Gln Gly Thr Lys val Glu Ile Lys Arg 

100 105 

<210> 10 
<211> 108 
<212> PRT 
<213> Artifi ci a 1 sequence 

<220> 
<223> synthesized construct 

<400> 10 
Asp Ile Gln Met Th r Gl n ser Pro Ser Ser Leu Ser Ala ser val Gly 

1 5 10 15 
ASp Arg val Thr Ile Thr cys Arg Ala ser Gl n Ala Ile Asp Ser Tyr 

20 25 30 
Leu His Trp Tyr Gl n Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 

35 40 45 
Tyr Ser Ala ser Asn Leu Glu Thr Gly Val Pro ser Arg Phe ser Gly 

50 55 60 
ser Gly ser Gly Thr Asp Phe Thr Leu Thr Ile ser Ser Leu Leu Pro 
65 70 75 80 
Glu Asp phe Ala Thr Tyr Tyr cys Gln Gln val val Trp Arg Pro Phe 

85 90 95 
Thr Phe Gly Gln Gly Thr Lys val Glu Ile Lys Arg 

100 105 

3 



<210> 11 
<211> 341 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 11 
ASP Ile Gln 

1 
ASP Arg val 

Leu His Trp 
35 

Tyr ser Ala 
so 

ser Gly ser Gly Thr Asp 
65 70 
Glu Asp Phe Ala Thr Tyr 

85 
Thr Phe Gly Gln Gly 

100 ser ser Asp Lys Thr His Thr cys Pro Pro cys Pro Ala Pro Glu Leu 115 120 125 
Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 

130 135 140 Leu Met Ile ser Arg Thr Pro Glu val Thr cys val val val Asp val 
145 150 155 160 ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val 165 170 175 
Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 

180 185 
Thr Tyr Arg val val ser val Leu Thr val Leu His Gln 

Tyr Asn Ser 
190 
Asp Trp Leu 

195 200 205 
ASn Gly Lys Glu Tyr Lys cys Lys val ser Asn Lys Ala Leu Pro Ala 

210 215 220 

Pro 
225 
Gln 

Ile Glu LYS Thr Ile ser Lys Ala LYS 
230 

val Tyr Thr 

Gly 
235 
Glu 

Gln Pro Arg Glu 

Leu Thr Lys 

Pro 
240 
Gln 

val ser Leu Thr 
260 
Glu 

Leu 
245 
cys 

Pro Pro ser Arg 

Leu val Lys Gly 
265 

ASP 
250 
Phe Tyr Pro ser Asp 

270 
Lys 

Asn 
255 
Ile Ala 

val Glu 

Pro Pro 
290 
val 

Trp 
275 
val 

ser Asn Gl y 

Leu Asp Ser 

Asp LYS Ser Arg 

ASP 
295 
Trp 

Gln 
280 
Gly 

Pro Glu Asn Asn Tyr 
285 

Ser phe Phe Leu Tyr 
300 
val Phe 

Thr Thr 

Ser Lys Leu 

Ser cys Ser 
320 Thr 

305 
val Met His Glu Ala 

325 
Lys 

310 
Gln Gln Gly Asn 

315 
Leu His Asn His Tyr Thr 

330 
Gln Lys Ser Leu ser 

335 
Leu Ser Pro Gl y 

340 

<210> 12 
<211> 16 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<220> 
<221> VARIANT 
<222> 5 <223> In this sequence, the Cys which normally occurs at 

4 



position 5 is replaced by the Ser residue. 

<400> 12 
Glu Pro Lys Ser ser Asp Lys Thr His Thr cys Pro Pro cys Pro Ala 

1 5 10 15 

<210> 13 
<211> 18 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 13 
aatckcaggt kccagatg 

<210> 14 
<211> 18 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 14 
gttyrggtkk gtaacact 

<210> 15 
<211> 18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthesized construct 

<400> 15 
atgmcttgtw acactgtg 

<210> 16 
<211> 267 
<212> DNA 
<213> Callithrix, species unknown 

<400> 16 
gacatccaga 
atcacttgcc 
gggacagtcc 
aggttcagcg 
gaagatgctg 

<210> 17 
<211> 267 
<212> DNA 

tgacccagtc tccatcttcc ctgactgcat 
gggcgagtca ggacattaac aagtggttag 
ctaagcccct gatctatgag gcatccaaat 
gcagtggatc tgggacatat tttactctca 
caacttatta ctgtcag 

<213> callithrix, species unkwown 

<400> 17 
gacatccaga 
atcacttgct 
gggaaagccc 
aggttcagtg 
gaagatattg 

<210> 18 
<211> 267 
<212> DNA 

tgatccagtc tccatcctcc 
gggcaagtca gggtattagc 
ctaagctcct gatctatagt 
gaagtggatc caggacagat 
caacatatta ctgtcaa 

<213> callithrix, species unkwown 

ctgtctgcat 
cactggttag 
gcatcaaatt 
tttactctca 

5 

ctgtaggagg caaagtcacc 
cctggtatca gcagaaacca 
tgcaaagtgg ggtcccatca 
ccatcagcag cctgcagcct 

ctgtaggaga cagagtcacc 
cctggtatca gcagaaacca 
tagaaacagg ggtcccatca 
ccatcagcag cctgcagcct 

18 

18 

18 

60 
120 
180 
240 
267 

60 
120 
180 
240 
267 



<400> 18 
gacatccaga tgacccagac tccatcctcc ctgtctgcat ctgtaggaga cagagtcacc 60 

atcacttgcc gggcaagtca gggtattagc agctggttag cctggtatca gcagaaacca 120 

gggaaagccc ctaagctcct gatctatggg gcatcaaatt tggaaacagg ggtcccatca 180 

agattcagcg gaagtggatc tgggacagat tttactctca ccatcagcag tctgcagcct 240 

gaagatattg caacatatta ctgtcaa 267 

<210> 19 
<211> 267 
<212> DNA 
<213> callithrix, species unknown 

<400> 19 
gacatccaga tgatccagtc tccatcctcc ctgtctgcat ctgtaggaga cagagtcacc 60 
atcacttgct gggcaagtca gggtattagc cactggttag cctggtatca gcagaaacca 120 
gggaaagccc ctaagctcct gatctatagt gcatcaaatt taggaacagg ggtcccatca 180 
aggttcagtg gaagtggatc caggacagat tttactctca ccatcagcag cctgcagcct 240 

gaagatattg caacatatta ctgtcaa 267 

<210> 20 
<211> 267 
<212> DNA 
<213> callithrix, species unknown 

<400> 20 
gacatccaga tgacccagtc tccatcttcc ctgactgcat ctgtaggagg caaagtcacc 60 
atcacttgcc gggcgtgtca ggacattaac aagtggttag cctggtatca gcagaaacca 120 
gggacagtcc ctaagcccct gatctatgag gcatccaaat tgcaaagtgg ggtcccatca 180 
aggttcagcg gcagtggatc tgggacatat tttactctca ccatcagcag cctgcagcct 240 
gaagatgctg caacttatta ctgtcag 267 

<210> 21 
<211> 267 

<212> DNA 
<213> caliithrix, species unknown 

<400> 21 
gacatccaga tgacccagtc tccatcctcc ctgtctgcat ctgtaggaga cagagttacc 60 
atcacttgcc gggcgagtca gggcattagt aattatttag cctggtatca gcagaaacca 120 
gggaaaactc ctaggctcct gatctatgct gcatccagtt tacaaactgg gattccctct 180 
cggttcagcg gcagtggatc tgggacagac tacactctca ccatcagcag cctgcagtct 240 
gaagatgttg caatttatta ctgtcaa 267 

<210> 22 
<211> 267 
<212> DNA 
<213> callithrix, species unknown 

<400> 22 
gacatccaga tgacccagtc tccatcttcc ctgactgcat ctgtaggagg caaagtcacc 60 
atcacttgcc gggcgagtca ggacattaac aagtggttag cctggtatca gcagaaacca 120 
gggacagtcc ctaagcccct gatctatgag gcatccaaat tgcaaagtgg ggtcccatca 180 
aggctcagcg gcagtggatc tgggacatat ttcactctca ccatcagcag cctgcagcct 240 
gaagatgctg caacttatta ctgtcag 267 

<210> 23 
<211> 267 
<212> DNA 
<213> callithrix, species unknown 

<400> 23 
gacatccaga tgacccagtc tccatcttcc ctgactgcat ctgtaggagg caaagtcacc 60 
atcacttgcc gggcgagtca ggacattaac aagtggtcag cctggtatca gcagaaacca 120 
gggacagtcc ctaagcccct gatctatgag gcatccaaat tgcaaagtgg ggtcccatca 180 
aggttcagcg gcagtggatc tgggacatat tttactctca ccatcagcag cctgcagcct 240 
gaagatgctg caacttatta ctgtcag 267 

6 



<210> 24 
<211> 267 
<212> DNA 
<213> callithrix, species unknown 

<400> 24 
gacatccaga tgacccagtc tccatcttcc ctgactgcat ctgtaggagg caaagtcacc 

gtcacttgcc gggcgagtca ggacattaac aagtggttag cctggtatca gcagaaacca 

gggacagtcc ctaagcccct gatctatgag gcatccaaat tgcaaagtgg 

aggttcagcg gcagtggatc tgggacatat tttactctca ccatcagcag 

gaagatgctg caacttatta ctgtcag 

<210> 25 
<211> 267 
<212> DNA 
<213> cal lithrix, species unknown 

<400> 25 
gacatccaga tgacccagtc tccatcttcc ctgactgcat 
atcacttgcc gggcgagtca ggacattaac aagtggttag 
gggacagtcc ttaagcccct gatctatgag gcatccaaat 
aggttcagcg gcagtggatc tgggacatat tttactctca 
gaagatgctg caacttatta ctgtcag 

<210> 26 
<211> 267 
<212> DNA 
<213> callithrix, species unknown 

<400> 26 
gacatccaga tgacccagtc tccatcttcc ctgactgcat 
atcacttgcc gggcgagtca ggacattaac aagtggttag 
gggacagtcc ctaagcccct gatctatgag gcatccaaat 
aggttcagcg gcagtggatc tgggacatat tttactctca 
gaagatgctg caacttatta ctgtcag 

<210> 27 
<211> 89 
<212> PRT 
<213> callithrix, species unknown 

<400> 27 
Asp Ile Gln Met Thr Gln ser Pro Ser ser 

1 5 10 
Gly Lys val Thr Ile 

20 
Thr cys Arg Ala 

25 
ser 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Thr 
35 

Tyr Glu Ala 
so 

ser Gly ser 
65 
Gl u Asp Ala 

<210> 28 
<211> 89 
<212> PRT 

40 
ser Lys Leu Gln ser Gly 

55 
Gly Thr Tyr Phe Thr Leu 

70 
Ala Thr Tyr Tyr cys Gln 

85 

<213> callithrix, species unknown 

<400> 28 

val 

Thr 

Leu 

Gl n 

Val 

Pro 

Ile 
75 

ctgtaggagg 
cctggtatca 
tgcaaagtgg 
ccatcagcag 

ctgtaggagg 
cctggtatca 
tgcaaagtgg 
ccatcagcag 

Thr Ala Ser 

Asp Ile Asn 
30 

Pro Lys 
45 

Pro 

ser 
60 

Arg Phe 

ser ser Leu 

Asp Ile Gln Met Ile Gln Ser Pro Ser ser Leu Ser Ala ser 

1 5 10 
Asp Arg val Thr Ile Thr cys Trp Ala Ser Gln Gly Ile Ser 

20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys A la Pro Lys Leu 
35 40 45 

ggtcccatca 
cctgcagcct 

caaagtcacc 
gcagaaacca 
ggtcccatca 
cctgcagcct 

caaagtcacc 
gcagaaacca 
ggtcccatta 
cctgcagcct 

val Gly 
15 
Lys Trp 

Leu Ile 

ser Gly 

Gln Pro 
80 

val Gly 
15 
His Trp 

Leu Ile 

Tyr ser Ala ser Asn Leu Glu Thr Gly val Pro Ser Arg Phe ser Gly 
7 

60 
120 
180 
240 
267 

60 
120 
180 
240 
267 

60 
120 
180 
240 
267 



50 55 60 
Ser Gly ser Arg Thr Asp Phe Thr Leu Thr Ile ser Ser Leu Gln Pro 

65 70 75 80 

Gl u Asp Ile Ala Thr Tyr Tyr cys Gl n 
85 

<210> 29 
<211> 89 
<212> PRT 
<213> ca 11 it h ri x , species unknown 

<400> 29 
Asp Ile Gl n Met Thr Gln Thr Pro ser Ser Leu Ser Ala Ser val Gly 

1 5 10 15 

ASP Arg val Thr Ile Thr cys Arg Ala Ser Gl n Gly Ile Ser Ser Trp 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 
35 40 45 

Tyr Gly Ala Ser Asn Leu Gl u Thr Gly val Pro Ser Arg Phe ser Gly 

50 55 60 
ser Gly ser Gly Thr Asp Phe Thr Leu Thr Ile Ser ser Leu Gln Pro 

65 70 75 80 

Glu Asp Ile Ala Thr Tyr Tyr cys Gln 
85 

<210> 30 
<211> 89 
<212> PRT 
<213> call ithri x, species unknown 

<400> 30 
Asp Ile Gln Met Ile Gln Ser Pro ser ser Leu Ser Ala Ser val Gly 

1 5 10 15 
Asp Arg val Thr Ile Thr cys Trp Ala ser Gln Gly Ile ser His Trp 

20 25 30 
Leu A la Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 

35 40 45 
Tyr ser Ala Ser Asn Leu Gly Thr Gly val Pro Ser Arg Phe Ser Gly 

50 55 60 
ser Gly ser Arg Thr Asp Phe Thr Leu Thr Ile Ser ser Leu Gln Pro 
65 70 75 80 

Glu Asp Ile Ala Thr Tyr Tyr cys Gln 
85 

<210> 31 
<211> 89 
<212> PRT 
<213> callithrix, species unknown 

<400> 31 
Asp Ile Gln Met Thr Gl n ser Pro ser ser Leu Thr Al a Ser val Gly 

1 5 10 15 
Gly Lys val Thr Ile Thr cys Arg Ala Cys Gln Asp Ile Asn Lys Trp 

20 25 30 
Leu Ala Trp Tyr Gl n Gln Lys Pro Gly Thr val Pro Lys Pro Leu Ile 

35 40 45 
Tyr Gl u Ala ser Lys Leu Gl n Ser Gl y Val Pro Ser Arg Phe ser Gly 

50 55 60 
ser Gly ser Gly Thr Tyr Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 75 80 
Glu Asp Ala Ala Thr Tyr Tyr cys Gln 

85 

<210> 32 
<211> 89 

8 



<212> PRT 
<2l3> ca 11 i th ri x, species unknown 

<400> 32 
Asp Ile Gln Met Thr Gln ser Pro Ser ser Leu 

1 5 10 
ASP Arg val Thr Ile Thr cys Arg Al a ser Gl n 

20 25 
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Thr 

35 40 
Tyr Ala Ala Ser Ser Leu Gln Thr Gly Ile Pro 

50 55 
ser Gly ser Gly Thr Asp Tyr Thr Leu Thr Ile 
65 70 75 
Glu Asp val Ala Ile Tyr Tyr cys Gln 

85 

<210> 33 
<211> 89 
<212> PRT 
<213> callithrix, species unknown 

<400> 33 
Asp Ile Gln Met Thr Gln Ser Pro ser Ser Leu 

1 5 10 
Gly Lys val Thr Ile Thr cys Arg Ala ser Gln 

20 25 
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Thr val 

35 40 
Tyr Glu Ala ser Lys Leu Gln ser Gly val Pro 

50 55 
ser Gly ser Gly Thr Tyr Phe Thr Leu Thr Ile 
65 70 75 
Gl u Asp Al a Ala Thr Tyr Tyr cys Gln 

85 

<210> 34 
<211> 89 
<212> PRT 
<213> callithrix, species unknown 

<400> 34 
Asp Ile Gln Met Thr Gln ser Pro ser Ser Leu 

1 5 10 
Gly Lys val Thr Ile Thr cys Arg Ala ser Gln 

20 25 
Ser Ala Trp Tyr Gln Gln Lys Pro Gly Thr val 

35 40 
Tyr Glu Ala Ser Lys Leu Gln Ser Gly val Pro 

so 55 
Ser Gly ser Gly Thr Tyr Phe Thr Leu Thr Ile 
65 70 75 
Glu Asp Ala Ala Thr Tyr Tyr cys Gln 

85 

<210> 3 5 
<211> 89 
<212> PRT 
<213> callithrix, species unknown 

ser Ala ser 

Gly Ile ser 
30 

Pro Arg Leu 
45 

ser Arg Phe 
60 
Ser ser Leu 

Thr Ala ser 

Asp Ile Asn 
30 

Pro Lys Pro 
45 

ser Arg Leu 
60 
ser Ser Leu 

Thr Ala Ser 

Asp Ile Asn 
30 

Pro Lys Pro 
45 

Ser Arg Phe 
60 
ser ser Leu 

<400> 35 
Asp Ile Gln Met Thr Gl n ser Pro Ser ser Leu Thr Ala Ser 

1 5 10 
Gly Lys val Thr val Thr Cys Arg Ala ser Gln Asp Ile Asn 

20 25 30 
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Thr val Pro Lys Pro 

9 

val Gl y 
15 
ASn Tyr 

Leu Ile 

Ser Gly 

Gln ser 
80 

val Gly 
15 
Lys Trp 

Leu Ile 

Ser Gly 

Gln Pro 
80 

val Gly 
15 
Lys Trp 

Leu Ile 

Ser Gly 

Gln Pro 
80 

val Gly 
15 
Lys Trp 

Leu Ile 



35 40 4S 
Tyr Gl LI Ala Ser Lys Leu Gl n Ser Gly Val Pro ser Arg Phe Ser Gly 

so SS 60 
Ser Gly Ser Gl y Th r Tyr Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 

6S 70 7S 80 
Glu Asp Ala Ala Thr Tyr Tyr cys Gln 

8S 

<210> 36 
<211> 89 
<212> PRT 
<213> callithrix, species unknown 

<400> 36 
Asp Ile Gln Met Thr Gln Ser Pro ser Ser Leu Thr Ala Ser Val Gly 

1 s 10 lS 
Gly Lys Val Thr Ile Thr cys Arg Ala ser Gl n Asp Ile Asn Lys Trp 

20 25 30 
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Thr val Leu Lys Pro Leu Ile 

35 40 45 
Tyr Glu Ala Ser Lys Leu Gl n 

50 SS 
Ser Gly val Pro Ser 

60 
Arg Phe Ser Gly 

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

85 
Tyr Tyr Cys Gln 

<210> 37 
<211> 89 
<212> PRT 
<213> callithrix, species unkwown 

<400> 37 
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 

1 s 
Gly Lys val Thr Ile Thr cys Arg 

20 
Leu Ala Trp Tyr Gl n Gln Lys Pro 

35 40 
Tyr Glu Ala ser Lys Leu Gl n Ser 

50 S5 
Ser Gly ser Gly Thr Tyr Phe Thr 
65 70 
Glu Asp Ala Ala Thr Tyr Tyr cys 

<210> 38 
<211> 267 
<212> DNA 

85 

<213> Aotus trivirgatus 

<400> 38 
gacatccaga 
atcacctgcc 
gggaaagccc 
cggttcagtg 
gatgattttg 

<210> 39 
<211> 267 
<212> DNA 

tgacccagtc tccatccttc 
aggtgagtca gggaattagc 
ctatgctctt gatctatgct 
gccatggatc tgggacagat 
ctacttatta ct gt ca a 

<213> Aotus trivirgatus 

<400> 39 

10 
Ala ser Gln 
25 
Gly Thr Val 

Gly Val Pro 

Leu Thr Ile 
75 

Gln 

ctgtctgcat 
agtgaattac 
gcaaccaaat 
ttcactctca 

Thr Ala Ser Val Gly 
15 

Asp Ile Asn Lys Trp 
30 

Pro Lys Pro Leu Ile 
45 

Leu 
60 

Arg Phe ser Gly 

ser Ser Leu Gln Pro 
80 

ctgcaggaga cagagtcacc 
tctggtatca gcagaaacca 
tgcagtcggg aatcccatct 
ccatcagcag cctgcagcct 

60 
120 
180 
240 
267 

gacatccaga tgacccagtc tgcattctcc ctgtctgcat ctgtaggaga cagagtcacc 60 
attacttgcc aggcgagtca gggcattacc agtgatttag cctggtatca gcaaaagcca 120 

10 



gggaacgcct ctaagctcct gatctatgag gcatccagtt tacaaagcga ggtcccatca 180 

aggttcagcg gcagtggatc tgggagagat tttactctca ccatcagcag cctgcagcct 240 

gaagattttg taacttatta ctgtcaa 267 

<210> 40 
<211> 267 
<212> DNA 
<213> Aotus t ri vi rgatus 

<400> 40 
gacatccaga tgacccagac tccatcctcc ctgtctgcat ctgtaggaga cagagtcacc 60 

atcacttgcc gggcgagtca agacatttac aattatttag cctggtatca gcagaaacca 120 

gggaaaactc ctaggctctt gatctatgct gcatccagtt tgcaaactgg gattccctct 180 

cggttcagtg gcagtggatc tgggacagac tacactctca ccatcagcag cctgcagcct 240 

gatgattttg ccacttatta ctgtcaa 267 

<210> 41 
<211> 267 
<212> DNA 
<213> AOtUS trivi rgatus 

<400> 41 
gacatccaga tgacccagac tccatcctcc ctgcctgcat ctgtaggaga caaagtcacc 60 

atcacttgcc gggcaagtca gggtattagc agctggttag cctggtatca gcagaaacca 120 

gggaaagccc ctaagctcct gatccataag gcatcaaatt tggaaacagg ggtcccatca 180 

aggttcagtg gaagtggatc tgggacagat tttactctca ccatcagcag cctgcagcct 240 

gaagatatcg caacatatta ctgtcaa 267 

<210> 42 
<211> 267 
<212> DNA 
<213> Aotus trivirgatus 

<400> 42 
gacatccaga tgacccagtc tccatcttcc ctgactgcat ctgtaggaga caaagtcacc 60 

atcacttgcc gggcaagtca gggcattagc aataatttag cctggtatca gcagaaacca 120 

gggaaagccc ctaagcccct gatctattat gcatccagtt tgcaaagcgg ggtcccatca 180 

aggttcagcg gcagtggatc tggggcagat tacactctca ccaccagcag cctgcagcct 240 

gaagattttg caacttatta ctgtcaa 267 

<210> 43 
<211> 267 
<212> DNA 
<213> Aotus trivirgatus 

<400> 43 
gacaaccaga tgatccagtc tccatcttcc ctgactgcat ctgtaggaga cagagtcacc 60 

atcacttgcc gagccagtca gagtattagc agctggttag cctggtatca gcagaaacca 120 

gggacagtcc ctaagcctct gatctatgac gcatccaaat tgctaagtgg ggtcccatca 180 

aggttcagtg gctgtggatc tgggacagat tttactctca ccatcagcag cctgcagcct 240 

gaagattttg caacttatta ctgtcaa 267 

<210> 44 
<211> 89 
<212> PRT 
<213> Aotus trivirgatus 

<400> 44 
Asp rl e Gln Met Th r Gl n Ser Pro Ser Phe Leu Ser Ala Ser Ala Gly 

1 s 10 lS 

Asp Arg val Thr Ile Thr Cys Gl n val Ser Gl n Gly Ile ser Ser Glu 
20 25 30 

Leu Leu Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Met Leu Leu Ile 
35 40 4S 

Tyr Ala Ala Thr Lys Leu Gln Ser Gl y Ile Pro ser Arg Phe Ser Gly 

50 SS 60 
His Gly ser Gl y Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 

65 70 75 80 

Asp Asp Phe Ala Thr Tyr Tyr Cys Gln 
11 



85 

<210> 45 
<211> 89 
<212> PRT 
<213> AOtUS trivi rgatus 

<400> 45 
Asp Ile Gln Met Thr Gln Ser Ala Phe ser 

1 5 10 
ASP Arg val Thr Ile Thr cys Gln Ala ser 

20 25 
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Asn 

3S 40 
Tyr Glu A la Ser Ser Leu Gln Ser Glu val 

so 5S 
ser Gly Ser Gly Arg Asp Phe Thr Leu Thr 
6S 70 
Gl LI ASP Phe val Thr Tyr Tyr cys Gln 

85 

<210> 46 
<211> 89 
<212> PRT 
<213> Aotus trivirgatus 

<400> 46 
Asp Ile Gln Met Thr Gln Thr Pro Ser Ser 
1 5 10 

Asp Arg val Thr Ile Thr cys Arg Ala Ser 
20 25 

Leu Ala Trp Tyr Gl n Gln Lys Pro Gly Lys 
3S 40 

Tyr Ala Ala Ser ser Leu Gln Thr Gly Ile 
so 5S 

ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr 
6S 70 
Asp ASP Phe Ala Thr Tyr Tyr cys Gln 

85 

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

<400> 47 
Asp Ile Gln Met Thr Gl n Thr Pro Ser Ser 

1 5 10 
Asp Lys val Thr Ile Thr cys Arg Ala ser 

20 2S 
Leu Ala Trp Tyr Gln Gl n Lys Pro Gly Lys 

35 40 
His LYS Ala Ser Asn Leu Glu Thr Gly val 

50 SS 
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65 70 
Gl LI ASP Ile Ala Thr Tyr Tyr cys Gln 

85 

<210> 48 
<211> 89 
<212> PRT 
<213> Aotus trivirgatus 

<400> 48 

Leu Ser Ala Ser val Gly 
15 

Gl n Gly Ile Thr Ser Asp 
30 

Ala Ser Lys Leu Leu Ile 
4S 

Pro Ser Arg Phe ser Gly 
60 

Ile Ser ser Leu Gln Pro 
75 80 

Leu ser Ala Ser val Gly 
15 

Gl n Asp Ile Tyr Asn Tyr 
30 

Thr Pro Arg Leu Leu Ile 
4S 

Pro ser Arg Phe Ser Gly 
60 

Ile ser ser Leu Gln Pro 
75 80 

Leu Pro Ala ser val Gl y 
15 

Gl n Gly Ile Ser ser Trp 
30 

Ala Pro Lys Leu Leu Ile 
4S 

Pro ser Arg Phe ser Gly 
60 

Ile ser ser Leu Gln Pro 
75 80 

12 



Asp 
1 

Asp 

Ile Gln Met Thr 
5 

Ile 

Gln Ser Pro Ser ser 
10 
Ser 

Leu Thr Ala Ser val Gly 
15 

Lys val Thr 
20 
Tyr 

Thr cys Arg Ala 
2S 
Gly 

Gln Gly Ile ser 
30 
Pro 

Asn Asn 

Leu A la 

Tyr 
50 
Gly 

Trp 
35 
Ala 

Gln Gln Lys 

Ser Ser Leu 

ser Gly Ala 

Gln 
55 
Tyr 

Pro 
40 
Ser 

Lys Ala Pro 

Gl y Val Pro 

Thr Leu Thr Thr 
7S 

Ser 
60 
ser 

Lys 
45 
Arg 

Leu Ile 

Phe ser Gly 

Ser Leu Gl n Pro 
80 

Tyr 

ser 
65 
Glu Asp phe Ala Thr 

8S 

Asp 
70 
Tyr Tyr cys Gln 

<210> 49 
<211> 89 
<212> PRT 
<213> Aotus trivirgatus 

<400> 49 
ASP Asn Gln 

1 
Met Ile Gln Ser Pro Ser Ser Leu Thr Ala Ser val Gly 

s 10 lS 
ASP Arg val Thr Ile Thr cys Arg Ala Ser Gln Ser Ile ser ser Trp 

20 2 5 30 
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Thr Val Pro Lys Pro Leu Ile 

3 s 40 4S 

Tyr Asp Ala Ser Lys Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly 
so 55 60 

cys Gly ser Gly Thr Asp Phe Thr Leu Thr Ile Ser ser Leu Gln Pro 
65 70 75 80 
Glu Asp Phe Ala Thr Tyr Tyr cys Gln 

<210> so 
<211> 1023 
<212> DNA 

8S 

<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> so 
gacatccaga tgacccagag ccccagcagc 
atcacctgca gagccagcca ggccatcgac 
ggcaaggccc ctaagctgct gatctacagc 
agattcagcg gcagcggctc cggcaccgac 
gaggatttcg ccacctacta ctgccagcag 
ggcaccaagg tggagatcaa gcgggtggag 
cccccctgcc ctgcccccga gctgctgggc 
cctaaggaca ccctgatgat cagcagaacc 
agccacgagg accctgaggt gaagttcaac 
gccaagacca agcccaggga ggagcagtac 
accgtgctgc accaggattg gctgaacggc 
gccctgcctg cccctatcga gaaaaccatc 
caggtgtaca ccctgccccc tagcagagat 
tgcctggtga agggcttcta ccccagcgac 
cccgagaaca actacaagac caccccccct 
tacagcaagc tgaccgtgga caagagcaga 
gtgatgcacg aggccctgca caatcactac 
aag 

<210> 51 
<211> 1023 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

ctgagcgcct ctgtgggcga tagagtgacc 60 
agctacctgc actggtatca gcagaagcct 120 
gccagcaatc tggagaccgg cgtgcctagc 180 
ttcaccctga ccatcagcag cctgctgcct 240 
gtggtgtgga gacctttcac cttcggccag 300 
cccaagagct gcgataagac ccacacctgc 360 
ggacccagcg tgttcctgtt cccccccaag 420 
cccgaggtga cctgcgtggt ggtggatgtg 480 
tggtacgtgg acggcgtgga ggtgcacaat 540 
aacagcacct accgggtggt gtccgtgctg 600 
aaggagtaca agtgcaaggt gtccaacaag 660 
agcaaggcca agggccagcc cagagagccc 720 
gagctgacca agaaccaggt gtccctgacc 780 
atcgccgtgg agtgggagag caacggccag 840 
gtgctggaca gcgatggcag cttcttcctg 900 
tggcagcagg gcaacgtgtt cagctgcagc 960 
acccagaaga gcctgagcct gtcccctggc 1020 

1023 

13 



<400> Sl 
gacatccaga tgacccagag ccccagcagc 
atcacctgca gagccagcca ggccatcgac 
ggcaaggccc ctaagctgct gatctacagc 
agattcagcg gcagcggctc cggcaccgac 
gaggatttcg ccacctacta ctgccagcag 
ggcaccaagg tggagatcaa gcgggtggag 
cccccctgcc ctgcccccga gctgctgggc 
cctaaggaca ccctgatgat cagcagaacc 
agccacgagg accctgaggt gaagttcaac 
gccaagacca agcccaggga ggagcagtac 
accgtgctgc accaggattg gctgaacggc 
gccctgcctg cccctatcga gaaaaccatc 
caggtgtaca ccctgccccc tagcagagat 
tgcctggtga agggcttcta ccccagcgac 
cccgagaaca actacaagac caccccccct 
tacagcaagc tgaccgtgga caagagcaga 
gtgatgcacg aggccctgca caatcactac 
aag 

<210> S2 
<211> 108 
<212> PRT 
<213~ Artificial sequence 

<220> 
<223> synthesized construct 

<400> S2 

ctgagcgcct ctgtgggcga tagagtgacc 60 
agctacctgc actggtatca gcagaagcct 120 
gccagcaatc tggagaccgg cgtgcctagc 180 
ttcaccctga ccatcagcag cctgctgcct 240 
gtggtgtgga gacctttcac cttcggccag 300 
cccaagagca gcgataagac ccacacctgc 360 
ggacccagcg tgttcctgtt cccccccaag 420 
cccgaggtga cctgcgtggt ggtggatgtg 480 
tggtacgtgg acggcgtgga ggtgcacaat S40 
aacagcacct accgggtggt gtccgtgctg 600 
aaggagtaca agtgcaaggt gtccaacaag 660 
agcaaggcca agggccagcc cagagagccc 720 
gagctgacca agaaccaggt gtccctgacc 780 
atcgccgtgg agtgggagag caacggccag 840 
gtgctggaca gcgatggcag cttcttcctg 900 
tggcagcagg gcaacgtgtt cagctgcagc 960 
acccagaaga gcctgagcct gtcccctggc 1020 

1023 

Asp Ile Gln Met Thr Gln Ser Pro Ser ser Leu Ser Ala ser val Gly 
1 5 10 15 

Asp Arg val Thr Ile Thr cys Arg Ala Ser Gln Ser Ile Asp ser Tyr 
20 25 30 

Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Pro Pro Lys Leu Leu 
3S 

Tyr Ser Ala 
50 

ser Gly ser 
6S 
Glu Asp Phe 

Thr Phe Gly 

<210> S3 
<211> 108 
<212> PRT 

Ser Asn Leu Glu 
SS 

Gly Thr Asp 
70 

Phe 

A 1 a Thr Tyr Tyr 
85 

Gln 
100 

Gly Thr Lys 

<213> Artificial Sequence 

<220> 
<223> synthesized construct 

<400> 53 
Asp Ile Gln Met Thr Gln Ser 

1 5 
Asp Arg val Thr Ile Thr cys 

20 
Leu His Trp Tyr Gln Gln Lys 

35 
Tyr ser Ala Ser Asn Leu Glu 

50 SS 
Arg Gly ser Gly Thr Asp Phe 
6S 70 
Glu Asp Phe Ala Thr Tyr Tyr 

85 

40 
Thr Gl y Va 1 

Thr Leu Thr 

Cys Gln Gln 
90 

Val Glu Ile 
105 

Pro Ser Ser 
10 

Arg A 1 a Ser 
25 

Pro Gly Lys 
40 
Thr Gly val 

Thr Leu Thr 

cys Gln Gln 
90 

Thr Phe Gly Gln Gly Thr Lys val Glu Ile 
100 lOS 

45 
Pro ser 

60 
Arg Phe Ser 

Ile Ser Ser Leu Gln 
75 
Val Val Trp Arg Pro 

95 
Lys Arg 

Leu Ser Ala Ser Val 
15 

Gln ser Ile Asp 
30 

ser 

Ala Pro Lys Leu Leu 
45 

Pro Ser Arg Phe ser 
60 

Ile Ser Ser Leu Gln 
7S 
Val Val Trp Arg Pro 

9S 
Lys Arg 

14 

Ile 

Gly 

Pro 
80 
Phe 

Gly 

Tyr 

Ile 

Gly 

Pro 
80 
Phe 



<210> 54 
<211> 108 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 54 
Asp Ile Gln Met Thr Gln Ser Pro 

1 5 
Asp Arg val Thr Ile Thr cys Arg 

20 
Leu His Trp Tyr Gl n Gln Lys Pro 

35 40 
Tyr ser Ala Ser Asn Leu Gl u Thr 

50 55 
Ser Gly Ser Gly Thr Asp Phe Thr 

70 65 
Gl U Asp Phe Ala Thr Tyr Tyr cys 

Thr Phe Gly Gln 
100 

85 
Gly Thr Lys val 

<210> 55 
<211> 7 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 55 
Ser Ala Ser Glu Leu Gln ser 

1 5 

<210> 56 
<211> 7 
<212> PRT 
<213> Aotus trivirgatus 

<400> 56 
Tyr Ala Ser Ser Leu Gln Ser 

1 5 

<210> 57 
<211> 6 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> Synthesized construct 

<400> 57 
Gly cys cys Ala cys cys 
1 5 

<210> 58 
<211> 20 
<212> PRT 
<213> Artificial sequence 

<220> 

Ser ser Leu Ser A 1 a Ser val Gly 
10 15 

Ala Ser Gl n Ser Ile Asp ser Tyr 
25 30 
Gly Lys Ala Pro Lys Leu Leu Ile 

45 
Gly val Pro Ser Arg Phe Ser Gly 

60 
Leu Thr Ile Ser ser Leu val Pro 

75 80 
Gln Gln val val Trp Arg Pro Phe 

90 95 
Gl u Ile LyS Arg 
105 

15 



<223> synthesized construct 

<400> 58 
Met Ser val Pro Thr Gln val Leu Gly Leu Leu Leu Leu Trp Leu Thr 

5 10 15 1 
Asp Ala Arg cys 

20 

<210> 59 
<211> 341 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

Ser Pro Ser Ser Leu Ser Ala Ser val Gly 
10 15 

Thr Phe Gly 

Ser cys Asp 
115 

Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
130 135 140 

Leu Met Ile ser Arg Thr Pro Glu val Thr cys val val val Asp val 
145 150 15 5 

Pro Glu val Lys Phe Asn Trp Tyr val Asp 
165 170 

ser His Glu Asp 
160 

Gly val 
175 

Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
180 185 

Thr Tyr Arg val val ser val Leu Thr val Leu His Gln 

Tyr Asn Ser 
190 
Asp Trp Leu 

195 200 205 
Asn Gly Lys Glu Tyr Lys cys Lys val Ser Asn Lys Ala Leu Pro Ala 

210 215 220 
Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro 
225 230 235 240 
Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln 

245 250 255 
val ser Leu Thr cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala 

260 265 270 
val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr 

275 280 285 
val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Pro Pro 

290 
Thr val Asp Lys ser Arg 
305 310 

295 300 
Trp Gln Gln Gly Asn val 

315 
Tyr Thr 
330 

Phe ser cys ser 
320 

val Met His Glu Ala Leu His Asn His 
325 

Leu Ser Pro Gly Lys 
340 

<210> 60 
<211> 329 
<212> PRT 
<213> Artificial sequence 

16 

Gln Lys Ser Leu Ser 
335 



<220> 
<223> synthesized construct 

<400> 60 
ser Thr Lys 
1 

Thr Ser Gly 

Pro Glu Pro 
35 

Gly Pro ser val Phe Pro Leu Ala Pro Ser ser 
5 10 

Gly Thr Ala Ala Leu Gly cys Leu val Lys Asp 
20 25 30 
val Thr val ser Trp Asn ser Gly Ala Leu Thr 

40 45 

Lys 
15 
Tyr 

Ser 

Phe 

ser Gly 

val His Thr Phe Pro Ala val Leu Gln Ser ser 
50 55 

Gly Leu Tyr ser Leu 
60 

ser Ser Val val Thr val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr 
65 70 75 
Ile cys Asn val Asn His Lys Pro ser Asn Thr 

80 
Lys Val Asp Lys Arg 

85 90 
val Glu Pro Lys Ser cys Asp Lys Thr His Thr cys Pro Pro 

110 
Pro 100 105 

Ala Pro Glu Leu Leu Gly Gly Pro Ser val Phe Leu 
115 120 

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu 
130 135 140 

Phe 
125 
Val Thr 

95 
cys Pro 

Pro Lys 

Cys val 

val val Asp val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 
145 150 155 160 
Val Asp Gly Val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu 

165 170 175 
Gln Tyr Asn Ser Thr Tyr Arg val val Ser Val Leu Thr val Leu His 

180 185 190 
Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys cys Lys Val Ser Asn Lys 

195 200 205 
Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln 

210 215 220 
Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met 
225 230 235 240 
Thr Lys Asn Gln val ser Leu Thr cys Leu Val Lys Gly Phe Tyr Pro 

245 250 255 
Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn 

260 265 270 
Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu 

275 280 285 
Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gln Gln Gly Asn val 

290 295 300 
Phe ser cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr Gln 
305 310 315 320 
Lys ser Leu ser Leu ser Pro Gly Lys 

<210> 61 
<211> 1044 
<212> DNA 

325 

<213> Artificial sequence 

<220> 
<223> Synthesized construct 

<400> 61 
atggcgagca ccgatattca gatgacccag agcccgagca gcctgagcgc gagcgtgggt 60 
gatcgtgtga ccattacctg ccgtgcgagc caggcgattg atagctatct gcattggtat 120 
cagcagaaac cgggcaaagc gccgaaactg ctgatttata gcgcgagcaa cctggaaacc 180 
ggcgtgccga gccgttttag cggcagcggt agcggcaccg attttaccct gaccattagc 240 
agcctgctgc cggaagattt tgcgacctat tattgccagc aggtggtgtg gcgtccgttt 300 
acctttggcc agggcaccaa agtggaaatt aaacgcgtgg aaccgaaaag cagcgataaa 360 
acccacacgt gcccgccgtg tccggcgccg gaactgctgg gtggcccgag cgtgtttctg 420 
tttccgccga aaccgaaaga taccctgatg attagccgta ccccggaagt gacctgcgtg 480 
gtggtggatg tgagccatga agatccggaa gtgaaattca actggtatgt ggatggcgtg 540 
gaagtgcata acgcgaaaac caaaccgcgt gaagaacagt ataacagcac ctatcgtgtg 600 
gtgagcgtgc tgaccgtgct gcatcaggat tggctgaacg gcaaagaata caaatgcaaa 660 
gtgtctaaca aagcgctgcc ggcgccgatt gaaaaaacca tcagcaaagc gaaaggccag 720 

17 



ccgcgtgaac cgcaggtgta taccctgccg 
gtgagcctga cctgcctggt gaaaggcttt 
agcaacggcc agccggaaaa caactataaa 
agctttttcc tgtatagcaa actgaccgtg 
tttagctgca gcgtgatgca tgaagcgctg 
ctgagcccgg gtaaagcggc ggcg 

ccgagccgtg atgaactgac caaaaaccag 780 
tatccgagcg atattgcggt ggaatgggaa 840 
accaccccgc cggtgctgga tagcgatggc 900 
gataaaagcc gttggcagca gggcaacgtg 960 
cataaccatt atacccagaa aagcctgagc 1020 

<210> 62 
<211> 356 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> synthesized construct 

<400> 62 
Met Ala Ser Thr Asp Ile Gln Met 

1 5 
Ala ser val Gly Asp Arg val Thr 

20 

Thr Gln Ser Pro Ser Ser 
10 

Ile Thr cys Arg Ala 
25 

Leu 
15 
Gln 

ser 

Ala 

Ile Asp Ser Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly 
45 

Ser 
30 
Lys Ala Pro 

35 40 
Lys Leu Leu Ile Tyr Ser Ala Ser Asn Leu Glu Thr 

50 55 60 
Gly Val Pro Ser 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 

65 70 75 80 
Ser Leu Leu Pro Glu Asp Phe Ala Thr Tyr Tyr cys Gln Gln val val 

85 90 95 
Trp Arg Pro Phe Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg 

100 105 110 
val Glu Pro Lys Ser Ser Asp Lys Thr His Thr cys Pro Pro cys Pro 

115 120 125 
Ala Pro Glu Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys 

130 135 140 
Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys val 

145 150 155 160 
Val Val Asp val Ser His Gl u Asp Pro Gl u val Lys Phe Asn Trp Tyr 

165 170 175 
val Asp Gly val 

180 
Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu 

Gl n Tyr Asn 
195 

ser Thr Tyr Arg Val 
200 

185 190 
val ser val Leu Thr Val Leu His 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys cys Lys 
220 

205 
Val Ser Asn Lys 

Lys Gly Gln 
240 Ala 

225 

210 215 
Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser 

230 235 
Lys Ala 

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu 
245 250 255 

Thr Lys Asn Gln val Ser Leu Thr cys Leu Val Lys Gly Phe Tyr Pro 
260 265 270 

Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn 
275 280 285 

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu 
290 295 300 

Tyr 
305 
Phe 

ser Lys Leu Thr 

ser cys Ser val 
325 

val Asp Lys Ser Arg Trp Gln Gln Gly Asn val 
310 315 320 
Met His Glu Ala Leu His Asn His Tyr Thr Gln 

330 335 
Lys Ser Leu 

His His His 
355 

Ser 
340 
His 

Leu ser Pro Gly Lys 
345 

Ala Ala Ala val Asp His His 
350 

<210> 63 
<211> 216 

<212> PRT 
<213> CH2/CH3 domain sequence from swissprot INSERT 

18 

1044 



<400> 63 
Pro Glu Leu Leu Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys 
1 5 10 15 

Lys Asp Thr Leu Met Ile ser Arg Thr Pro Glu val Thr cys val 
20 25 30 

val Asp val ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr 
35 40 45 

Asp Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu 
50 55 60 

Tyr Asn ser Thr Tyr Arg Va 1 val ser val Leu Thr val Leu His 
65 70 75 
ASP Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val ser Asn Lys 

85 90 95 
Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln 

100 105 110 
Arg Glu pro Gln val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu 

115 120 125 
Lys Asn Gln val ser Leu Thr cys Leu val Lys Gly Phe Tyr Pro 

130 135 140 
Asp Ile Ala val Glu Trp Glu ser Asn Gly Gln pro Glu Asn Asn 
145 150 155 
Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly ser Phe Phe Leu 

165 170 175 
ser Lys Leu Thr Val Asp Lys ser Arg Trp Gl n Gln Gly Asn val 

180 185 190 
Ser Cys ser val Met His Glu Ala Leu His Asn His Tyr Thr Gln 

195 200 205 
ser Leu ser Leu Ser Pro Gly LYS 

210 215 

<210> 64 
<211> 17 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<220> 
<221> VARIANT 
<222> 1 
<223> xaa = x is valine, leucine or isoleucine. It is 

preferred that X is valine. 

<220> 
<221> VARIANT 
<222> 6 <223> xaa = x is absent or an amino acid other than cysteine. It is preferred by X is serine. 

<400> 64 
xaa Gl u pro Lys ser xaa Asp Lys Thr His Thr cys Pro Pro cys 

1 5 10 15 
Ala 

<210> 65 
<211> 12 
<212> PRT 
<213> Artifi ci a 1 sequence 

<220> 
<223> synthesized construct 

<400> 65 
Thr Lys val Gl u Ile Lys Arg val Glu Pro Lys ser 

1 5 10 

19 

Pro 

val 

val 

Gln 

Gln 
80 
Ala 

Pro 

Thr 

Ser 

Tyr 
160 
Tyr 

Phe 

Lys 

Pro 



<210> 66 
<211> 11 
<212> PRT 
<213> Homo sapiens 

<400> 66 
Thr Lys val Asp Lys Arg val Glu Pro Lys Ser 

1 5 10 

<210> 67 
<211> 11 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Synthesized construct 

<400> 67 
Thr Lys val Glu Ile Lys Arg Glu Pro Lys Ser 

1 5 10 

<210> 68 
<211> 324 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> synthesized construct 

<400> 68 
ctgtaggtct actgggtcag aggtaggaga 
tagtgaacgg cccgttcagt ctcgtaacta 
ccctttcggg gattcgagga ctagatatca 
gcaaagtcac cgtcacctag accctgtcta 
cttctaaaac gatgcatgat gacagttgtc 
ccctggttcc acctttagtt tgcc 

gacagacgta 
tcaataaatg 
cgtaggctca 
aagtgagagt 
caacacaccg 

20 

gacatcctct ggcacagtgg 60 
taaccatggt cgtctttggt 120 
acgtttcacc ccagggtagt 180 
ggtagtcgtc agacgttgga 240 
caggaaaatg caagccggtt 300 

324 


