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ANTI BODY COMPQCSI TI ONS AND METHODS Thi s appl i cation
clains the priority of U S. provisional application
WON0050855309, 613, filed Cctober 8, 2003. This PCT/GB2004/004253
application further clainms the priority of
PCT/ GB2004/ 002829, filed June 30, 2004, which
designated the U S, and of U S. provisional
application No. 60/535,076, filed January 8, 2004. The
di scl osur e ANTEROB YoFOMRQSITKONS AND MBIHOPS ons i s
hereby incorporated by reference hereinin its
entirety. Conventional antibodies are |arge
mul ti-subunit protein nol ecul es conprising at | east
four polypeptide chains. For exanple, human |IgG has
two heavy chains and two |ight chains that are

di sghfsiaggliheiodethihe tﬁe%i@k@h@flﬁ@nptdvmmial amilichtietyNoThe
size of "a conventional 119G s about 150, kD. Becauseofof

60/60R5 13, FBehOripbEYS,1280% eTbﬁs Applicaginp Futher glups hgipaenty
PRl P52 s AL v3i& disfiagd dduid oruss.
provisadtial gsplichﬁ@ruﬁo pE0I63 5, @i%a, dred Jﬁnmu:ry Ge2QH. €L lefdi@mssrehd’\ﬁ@ch of
focused on |dent1fy|n .and gg ﬁ maiH t t ¥y
thepq BRORHN PRPHAFEONS SHRTSRY APROTRIERIoH P aif FUPY @R g A
solubility. The heavy and |ight pol ypeptide chai ns of

ant CRRfESnLICHBhb&Es ¥8NdrabhRlH-Yibunadreem hbRtuled ¢girisyng at
participate in antigen interactions, and const ant (O

leastefgiugpyndpéitle phajus. d'léorwmnnlﬁuhlanarslgﬁ%basttwa shatnsed two

lig tPC'hg]gl? g?ag ta:lre-glcﬁ%ulﬁﬁ? E dﬁ‘&bl I rtﬁg #n%ﬂgnﬂ'a%iﬁbém% size of a

corﬁ%ﬁﬁ&[h‘l Eg@@d abRit MIDE‘D !B%caﬁl@ﬂ’ﬁf ﬂl‘éﬁdel@fwdly\marg@ﬂm abmplete
donmai ns: heavy chai n_vari apl e domai n

antitigkes (e BaleCvlars, AEVeciad pem i I@ﬁh%?heﬁ?@eléﬁ)lq 11?@%11%686 ue to
R R R ks
idenBJyienghd lb’rb&@clﬁg primlidrentioodyi ﬂ'agirl.dntsl_tﬁamtduia')tlgen hmﬂlmg)funcuon
a diverse primary repertoire of V genes that encode
and pRIURIHE- donmi ns i s produced by the conbinatori al
rearrangenent of gene segnents. C regions include the

l'i ghthe GBAILHE 1 HY Cb@l%e;ftfd%ﬁ;ﬁ&ﬁ@é‘f $Ribd8icEcsapatiabRAV)

t he heavy "chain regions (referred to as CC 2 and C

. reg%onsebat@imsyﬂﬁpmmte ipAnigean intsractipes, gadh constat (fg) regions that

T
efftfi6lsUdBe ahBEerEHiatRk @omalitof dFa@Bventional antibody is comprised of two
separate domains: a heavy chain variable domain (Vg) and a light chain variable domain
(Vy: which can be either Vi or V)). The antigen binding site itself is formed by six
polypeptide loops: three from the Vi domain (H1, H2 and H3) and three fromthe Vi
domain (L1, L2 and L3). In vivo, a diverse primary repertoire of V genes that encode the

Vgand Vi domains is produced by the combinatorial rearrangement of gene segments. C

regions include the light chain C regions (referred to as Cpregions) and the heavy chain C

regions (referred'to as Cyl, Cg2 and Cy3 regions).
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fragnent"” (VL-CL-CH -V H), "Fab' fragnent" (a Fab with
t he heavy chain hinge region) and "F(ab') 2 fragnent”

w@ a00diosssr2 of Fab' fragments joi ned by the heavRCT/B&2004/004253
hi nge regi on). Reconbi nant net hods have been used to
generate even srral | er antigen-binding fragnments,
referred to as "single chain Fv" (vari abl e fragment)

cFv," ¢c nS| of .apd [oine nt heti.c
pept R Gber R, ceen S SRty PEpyih by Shpfg amtivodies
ha@é%b’érﬁ'dlaﬂﬁﬁléa%ﬂwvﬁ% ﬁ@&h&qﬁgesﬁ@n OThesk findMER RS RAGPIDEL “Fab
other mammals) is ?enerall known to be conprised of a

frmuem ’bﬁ’VLVCt-éfglildﬁs) Rab¥/Epgmeniinés Fab with dhelicagy shais hinge region)
f iy fi
ang PR PR, I8 aPher b o S e A e SRR e

IG%lbﬁ) qaé&iﬂb@hdﬂeﬁﬁémo@b ahve Rhiubatioggnane dven stk antlgen-bmdmg
onodi ners of a si ngl e heavy chain, dinmerized vi

frWFs rdersedlirass @gg PRI (YeA0KD RSB CY,  popsissing of

g@%y 50@5]% are referred to as V H
Ldorml Iﬁgmgn retain ﬁ%bag |t)§/ when isol ated as

fragnents of the V chal n, to bind antigen with high
s pecWhile theyan{ig ¢tdabmad e @astof mmaturgty-aedcurringodBibodiafaig. ein humans
63:  446-448,; hr oudi al ., 1997, EE ett
anémosise%lfr RS B DM P B GOMBHHURS ARake L tigions
(VOARD, aeial shb&aes é){p‘i’é@s aflze PR ofFully Bfn@ﬁ&nﬂfhlgl‘ﬂ!’y'sﬁ&nﬁc
V gehes anplified fromgenomc DNA fromthe spleens of
antlhwdwﬂ thethraideerid ndligtpheinseduannes, Tmametld\hp@lvyaham antibodies
ture 341:.544-546
axq g R QOB gIees < R et gl ofpeed IR obifant regions.

THRRatROId id8fains DFhds€ Eamelitricavipchdin hefigddidyek€tdlertdl 1@ as VyH
si ngl e i munogl obulin vari abl e domain (V or

dOp@IlI%erﬁéétrétd@l the abilityp sdien jiwdted apfirzmeenined the Yu c}\)amdmmnd
t
TN O ERHER LA 1S RASS: as445

GdbirQ e 8t all, 1997, [FRBS Lef. 41¢f EZlOﬂlﬂ)t lAﬁﬁlgelw\bmﬂmgtsli@‘le Vy@omains
donmmi ns V\,here t he ot her r{al ns are not uired for.
(&)

haymelsgBePrFRiiieg Ty RecEpRpple,a orary gt amuiner\G pgass gpljfied from
@&h ISR Al AR sg)? Sk Yt ﬁﬁmﬁﬁ%e@ﬁ@detdn@%ﬁbre%edQQ @ﬁb(ﬂ? (Ward et al.,

ngl e 1 mmunogl obul i n vari abl e domai ns, for exanpl e
19&9 Nateret3d : S#aﬁ#@sthdtat gbnamﬁchthen@pland smebwfudwmams dAbS ”

F »
fors ki @ioodiee g (o Bt ST R M on SEeR Fpapmpefoputin
Vaﬁélﬂg @k B (ViBRVG poRPRPIESh ¥ MPBeifically binds antigen. A “dAb” binds

antigen independently of other V domains; however, as the term is used herein, a “dAb”

can be present in a homo- or heteromultimer with other Vi or Vi, domains where the
other domains are not required for antigen binding by the dAb, i.e., where the dAb binds

antigen independently of the additional Vy or Vi, domains.

Single immunoglobulin variable domains, for example, VyH, are the smallest
antigen-binding antibody unit known. For use in therapy, human antibodies are
preferred, primarily because they are not as likely to provoke an immune response when
administered to a patient. As noted above, isolated non-camelid Vg domains tend to be

relatively insoluble and are often poorly expressed. Comparisons of camelid VyH with
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adm nistered to a patient. As noted above, isol ated

non-canelid domains tend to be relatively insoluble
warasass7nft en poorly expressed. Conpari sons oPCT/GBeIOHE04253

wi t ht he domai ns of human anti bodi es reveal s several

key differences in the framework regi ons of the

canelid V domain corresponding to the V/V interface

t R o fl QB s MM AL OB Pt BREAE S P bovor

rese ence

re4iSRE6S the camblyd LM cfbﬁlalr?&rbbspbﬁﬁnglﬁr the A0V ﬁﬁﬂeriﬁcé of the human
47->3 y) has been perfornmed to produce "canelized"

Vinderaainy Novaionofthese resichugs af %}ﬁmﬂg‘w k1 marardossbit reserelle the
L L e P

petforédtodifo i edcint elinedd Biunag Vigsieh divey tﬁatrrenam amxlgsm Bindixig activity

w th the Kabat nunheri ﬂ conventi on (Kabat et al
Dien & Risqhianebd OB HHAReH JuP c2H5- Tl S blive ipspvgiy expression

oS5 B0 T ey R apk AR e 8a T A0S cqpifert it the

Kbt gumbkratg aonventmn(ﬁKelsatteh el.,sloPljS dquences bf nomuaciegicel Interest,

S, O r g} C B0 P AP su AP BR DT D) S B 0B60s

(M%'??&%ngﬁé 9@(:1;'@‘@ Ghdt BRETH0I0BES By HBHRLA HRFroREITRE sMublhty of non-
domai ns and sel ection of clones that bind hapten wit

camelid Viutdopzainm Ea:veesr&ﬂ?g@hmanm@tﬁ%o&dwcmglogyIl\bhfe$3 475- 479)

sel ect ed .f ein_ anti gen
asieit Eedtand GoadonrRird BeProth: oSl MR Ly dgpains
an@keledtibdBT cloneMetat biEd Glapter Hth zﬁﬁﬁrtl@@ﬁa) the @5p& o8& 00-400 nM, but
i sol ated V domai ns of nouse anti bodi es_expressed in E

cloges peledied foapimding tp rsetal antigerihasl weeksr atfitiesant i gens
vvlth affinity in the nanonol ar range. WO 90/ 05144

r00%906%1 (%1a§§ﬁ o d@%ﬁd R SRUSE. Yﬂm'lﬁo?@%lbﬁg()’ 685-698)

fragmsnt tha exper 1 nmental anti'gen Tysozyne
desviribb iladed ¥adoataimsof aomse amtibodfes bﬁpmMedVﬂ)EOédli)ﬁﬁBéf@ very stable

o B S S B BB A T B v

al. j &E&EH@S%&QWH&&H%UM g’i‘ﬁbn% f—lﬁ’t’bﬁﬁ? ﬁiefe‘xﬁelflrﬁént@l antigen
Brucella antigen with an affinmty of 7 nM

lysdoyra¢ withiradissociatien eenstant pf F1 4. | gG  Tanha et aI
(2001, J.Bi oI Chem 276: 24774-24780) describe the

sel %#)ona f‘%qglsﬁ%%t Qlég& erifids ﬂﬁ% ﬁ[ts‘i{g% dgrhglﬂ a!iﬁ%’ody

nonoc Ies us as experi
fragments that bind experlmental antigens, 1nclud1ng a Vg domain that binds an scFv

specific for a Brucella antigen with an affinity of 117 nM, and a Vg domain that binds an
anti-FLAG IgG.

Tanha et al. (2001, J.Biol. Chem. 276: 24774-24780) describe the selection of
camelized human Vy domains that bind two monoclonal antibodies used as experimental

antigens and have dissociation constants in the micromolar range.

U.S. 6,090,382 (Salfeld et al.) describe human antibodies that bind human TNF-a
with affinities of 10 M or less, have an off-rate (K,p) for dissociation of human TNF-a

of 107 sec™! or less and neutralize human TNF-o. activity in a standard 1.929 cell assay.
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anti gens and have di ssociation constants in the

m cronol ar range/ U. S. 6,090,382 (Salfeld et al.)
waele®snsdse2 human anti bodi es that bi nd human TNFPEI/GBRGV4/004253

affinities of 10"8Mor |ess, have an off-rate for

di ssoci ation of human TNF-a of "3 sec 1 or less and

neutralize human TNF-a activity in a standard L929

cell assay. SUMVA The l.nvention

provi des concent %Mﬁp@%ﬂ@gﬁﬁ)%i ng human

si ngl e i mmunogl obul i n vari abl e domai n pol ypepti des

t hat THy ifdlerithgedvided dopeentisitddprb iticak fcbmiptiying hiMan single -
. vari abl e _domai_n pol ypeH%ﬁi des of the subject . L )
mpgpEoglopulip yarishle demgi ol ypsatifsp thsrdimdsiargehapfigen with high affinity.

| . . 0 r

T Q0 O RSt P Culibd pler TR P o EIR L S g Sl
than eanveatiqged adtbodies antdre @ dpmiasdnbmordre p@pensller even than scFv

pproaches. The relatively small size and hi bi ndi ng
m‘glf&fl?ﬁ’ lé’f CPRERE V5Ol ype 6¥fig8fe3§°%%5 dep @pﬁ]ﬁ(ﬁto&ﬂgﬁp quge
ap?fdlghélp LA Gy BRI YL bnd RS thitBhs RiERRY B@Eﬁegé]g%l?émepttiﬁes also

arger anti body mol ecul es, permtting | ower dos
peimps theadtodfifid mars/targehpernumtemass ithegl perepamatiome @ tavgdriantibody

vari.abl e dgmai.n _po eptides di sclLosed herein can be
g BE DE i B Pa P P AP oNes R Ehat o o
precipitation often seen with noncanelid single domain

ant ifiedivesn spigdy irthintao glbmilinevasiable @omai polgheptid¥LdiSds®d herein
i n expression, increased stor aa%e stabi|lity and the
capbp highly ecncerirated witbputrihgpasrcqatien apBiseipialdensefden spre with non-

.ativel Si lLe i ' .
caf ST T8, S0 NP IR TR QU Bpresin,
inqeaped desagelseibility lahd yhevibility te shremistérdigHee tHepapeatic dbsek.n€he

bi.ndi ng pol ypeptide for'particul ar uses. For exanple,
relgiigely ek gize of hgmpn single impHwoglokukin g@f@ﬂeedomam polypeptides
oo ERSOLAFU g oL OBl lBR il s ot
polymeptedd fogpmbiibelevtises., For exagmid, dut hatheir soaB agze, the human single

. biologjcal half-life ile.still resulting in_a .
iR b e vt B daunatt 9o i onsrtbE irforie be fised or linked to,
e. AldTRBGEITRIE SidFRESlcbIbd) Or LMY EIRbi 18BRhseeIbloRRAT 18311 HAile still
enconpassed are nmultiners of the subject polypeptides,
resylibig ing mhelrede pbsmalten dizh oetetive tmsimsilanstriangenesuts ade using

incr.eased,.avy.di ty, over nmononeric forns nd .. .
ool RSPl GRkoif, AlaP Bt FrliRAd o A8 Synjseypolypeptides
sud BIRMddeses anfl Bbfmetitsts Wigich ckifbie irvi@ktcavidity over monomeric

conponent (s) . . . i . :
forms, and heteromultimers which have additional functional properties conferred by

their heteromeric component(s).

In one aspect, the invention encompasses a composition comprising a polypeptide
comprising a single human immunoglobulin variable domain that binds a polypeptide
antigen with a K4 of less than or equal to 100 nM, wherein the polypeptide is present at a
concentration of at least 400 pM as determined by absorbance of light at 280 nm

wavelength.
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In one aspect, the invention enconpasses a conposition
conprising a pol ypeptide conprising a single human

w0 pavsisssrobul i n vari abl e domai n that binds a PCT/GB2004/004253

pol ypeptide antigen with a of |ess than or equal to

100 M wherein the polypeptide is present at a

concentration of at |east 400 mM as determ ned by ‘

abso bance _of at 280 un wavel ength. 1 n on
%ﬁmbOfiH%ergoﬁii%@laP?I& 1§plﬁ§g§é}ﬁg e%tratlon of 400 pM to 20

ncentratlon of 400 MMto 20 nM I|n another

enbodi ment, the pol ypeptide antigen is a human

pol ypepti de antigen. |In another enbodi nent, the single

humealn annthenegbodivient; theapalpiEpEdel amtegen is 3hamah paypéptide lantigen.

anot her enbodi nent, the pol ypeptide consists of a

hu [ ul i V do I n_anot enbodj
U}, L APHOOM OB o SO ol RSSOt SO oA i o
VQHubhin, and is, for exanple, a non- human manmal i an
domai n. Nonhuman manmmal s from whi ch domai ns can be
derived include, as non-limting exanples, nobuse, rat,
cow, Ingngthererabodiment éhe nedynepiide eansists) qf aémq@émr@@}@e@ﬂmlm v
d&ﬁa i nvention enconpasses a conposition conprising a
po ypeptlde conpri sing a single inmmunoglobulin VH
domai n that binds a pol ypeptide antigen with a of |ess
th adncanoihqmahbm:imlzﬁo threNinnwiregkbnlit Nedonesn due ran- human
0Si t.ion.103 Kabat nunbegg&g&.ls an..ar
RE O R 19’585?48&@ 7 & e mgmmaigh é:arP?]ﬁ’cfﬁ i
huﬁ{ané}ﬁarhﬁﬁﬁtfrﬁﬁ) ), ‘@1? dgfﬁﬁl% Hérf‘l%jdel?b(/e@ M&aﬁ‘&%@ﬁmltmg
[1ght at 280 nm wavel engt h he V domain according to
GXMP@SHBQ@@IT%&Q%BIH‘IQWHIIQISS mﬂ(hﬂrﬁn, e.g., a canelid
or other non-human species, e.g.,nouse, rat, comn pi g,

g0 atIB élrﬁ(é)thareaspgqntlflGXnV ?1{181% eAc%mgyﬂgse§?’%8r§#)5‘SH6 CUJ misr%lﬁ 20

pol y §presen ncen on of 40

po%eﬁﬂiﬁe dompiaidesingetiediuie globulih ¥y dopephi siedenpolgedptide
human pol ypepti de anti I n anot her .enbodi nent,

antlg\@ wﬁh ﬁ&a&f iless rﬂé%ﬂ QI ggugtto éﬁ% nM, grherein the residesat desitigad 03
A RH%: &&hg?rggg gﬂ%gm ) é_gﬂmh%ﬂltme bORp B dR9s Bekdht af a

pOSItlon
concentration of at least 400 pM as determined by absorbance of light at 280 nm

wavelength. The Vg domain according to this aspect can be human or non-human, e.g., a
camelid VyH or other non-human species, e.g.,mouse, rat, cow, pig, goat, horse, monkey,
etc. In one embodiment, the polypeptide is present at a concentration of 400 pM to 20
mM. In another embodiment, the polypeptide antigen is a human polypeptide antigen.

In another embodiment, the amino acid residue at position 45 is a non-charged

amino acid. In another embodiment, the amino acid at position 45 is a leucine.
In another embodiment, the amino acid residue at postion 44 is a glycine.

In another embodiment, the amino acid residue at position 47 is a non-charged

amino acid. In another embodiment, the amino acid residue at position 47 is a

tryptophan.
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I n anot her enbodi nent, the am no acid residue at

postion 44 is a glycine. In another enbodi nent, the
W@piono3eci d resi due at position 47 is a non- cheeye#2004/004253

am no acid. In another enbodi nent, the am no acid

residue at position 47 is a tryptophan.In another

enbodi nent, the amno acid residue at position 44 is a

gl yci ne and the,.am aci.d residue at pasition 45 is a

P enapngofRhebRERER, Britunenc o HaPHOCRAT b 4 apidgand the
anf@tho REIRIrtdi@ #A4okibion 48y £ieinand the am no acid residue

at position 47 is a tryptophan. In another enbodi nent, .

the am no acid residue at position 45 is a |eucine and
t he ladnahenanbodimsnt the aming aeif residrest ppsition ¢4 {5 gpeian and the

- }: : 1.no acid residue at
arﬂﬁg%?%]?g%?ﬁufedl@g%hg?% anate@]%tﬁéﬂaglm no acid residue at

position 45 is a leucine and the am no acid residue at

posilhianothéi7erisodamenty fiic@ptiam acill nesadvetan posigooflisreldlicine and the

t.he single i munagl ogbulin variable domain conprises a
anyRe ?fé%%ﬂ&eraéﬁ%%g@(%}% ERIPPR- enbodi ment, the

uni versal framework conprises a V franmework sel ected

f r omh bAGhEF QWb AR fbialnPhcill RARRIANE0966h VishUTRne, the

germ i ne gene segnents DP47, DP45 and DP38 or the
amfipcpmrsiduerit persdorbdS isuntavcigeand the emgerasid myiden vt PRGN 47 is
a to%%%her enbodi ment, one or nore franmework (FW

grrons of the i mmunogl obulin variable domain conprise

(a) the am no acid sequence of a human franework

r egilw anothdr)entodirgas] th8 sy inguiaieglcbilin @afghledohintddtprises a

am no_ acid sequence of a human_frapmework region, or.
univensabitargeaverk. A8 ppotherprahndingicihe sarvsipabirpaauerkgomisaea Ve

' er.ej f [ -

Fa o R Bl A bR LhAFRADY b Bfifine gone
segamdntdDRENIDP45Swend DiPd fhaghe My lfiramewark atdoded byrhiiman germline gene

cow?ﬁ s a FW2 region encoded by a human germine
seghifit PS&®Y- gene segment. I'n another embodi nent, the

am no acid sequence of one or nore of the framework

r egiPifoths iR IFAIR, @R or Rfora MaRRwasl GFWERERRS8f e

~ correspondi ng framework region
immunoglobulin variable domain comprise (a) the amino acid sequence of a human

framework region, (b) at least 8 contiguous amino acids of the amino acid sequence of a
human framework region, or (c) an amino acid sequence encoded by a human germline
antibody gene segment, wherein the framework regions are as defined by Kabat. For
example, in one embodiment, the immunoglobulin variable domain comprises a FW?2

region encoded by a human germline antibody gene segment.

In another embodiment, the amino acid sequence of one or more of the framework
regions is the same as the amino acid sequence of a corresponding framework region
encoded by a human germline antibody gene segment, or the amino acid sequences of
one or more of the framework regions collectively comprise up to 5 amino acid

differences relative to the amino acid sequence of the corresponding framework region

encoded by a human germline antibody gene segment.
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encoded by a human germline anti body gene segnent, or
the am no aci d sequences of one or nore of the
WO e@ses#srk regi ons collectively conprise up torPGI/aBR0V8/004253
acid differences relative to the am no acid sequence
of the correspondi ng framework regi on encoded by a
human gernl i ne anti body gene segnent.|n anot her

enbadi nent, the,.am acid sequences of. framework.

et B0 R B S e d AP U e RIS hegions FWL,
FWO PW 3360 §E GHENE 8arRé aédk faﬁﬁﬁt&'—’é@d @aluéﬁm%sﬂoﬁaingns

encoded by a human germline anti bg&édgene segnent, or
franpeverlvirerionscengodebierem beman germiine apifipodyrapge segindgajor the amino

col |l ect 0 ' 2 . .6 9
eoffPeegSicey SLHUET BV PP alde ettt edvifie S et 6.7
8, Ofor q Oraneisp adid idiffertricRBesaive to g iterR b otRerebyortdiey framework

human gerniine anti body gene_segnment. In anot her
regRPoRNCREsH by thedumangean kg amiboA EsRSHCEmEt n vari abl e

domain is a V domain having the sequence encoded by
seq%ﬁggh T omt hnzlt% énco%@ge %@ﬁ%bﬁl@ﬁg@%ﬂdgﬁ%ﬁ%ﬁ%&% domain wa
Vipdsiin daging éhesseehderennvdeld dbygeonine ¥ gest segmenf DPBDbut which

H31, H33, H35, , H52, H53, H55, H56, H58,

i3 n ﬁgﬁe%ﬁ?ﬁm W Rl e T ARHTOTepsItgny St from the

gr&gimgﬁﬁ%gsﬁﬁwﬁwﬁ e, eRsodse thp, gBPRIINE BRNEIS6, H58, HOS,
segnent 47 but which differs in sequencé from that

HYrardd#28.by DP47 at one or nore positions selected from
the group consisting of H30, H31, H32, H33, H35, H50,

H52, 3, 1:.Ho4, , 1 HB6. H58 . HI95., HI6

o7 10 A P e G e s sty
gethiXd Vy; b egmishfDP4AbE: WHibR diffefs anefiaice Gohodhn@ibded by

the V donmai n conprises the sequence encoded b

DR{dratopear porpehpsitiong selaetedpam the gropnicensisting t?sfrki3q, m31, H32,
H32CHS NG 50, FH 5'§§}st§1‘}?sz€ﬁlS@}’HE’Eﬁﬁthﬁ”ﬁﬁ!H@@@&g HO8, H99,
te e g 0 0,

positions selec rom t roup coénsi &t ng
H168 1 H 16433 H 16685, H HE@, HH6Q], H19Re, H HEE, H HEYe, HHB6, ankdF81,02.
H95, H96, HO7, HO8, HI99, H OO H OCa, H OOb, H OCc,

H OXd, H OCe, and H t her di ment, th
o1 gt Ed R R Bt BB s dor e eacoded by
gefTR Vi BN BemREDPETIVANARCIPHFRAGH sOYucBE Fbhi6airB6A by

segnment DP47 but whic
DP47 at one or more positions selected from the group consisting of H30, H31, H33,

H35, H50, H52, H52a, H53, H55, H56, H58, HO9S, H96, H97, HO8, H99, H100, H100a,
H100b, H100c, H100d, H100e, and H100f.

In another embodiment, the single human immunoglobulin variable domain is a
Vu domain having the sequence encoded by germline Vy gene segment DP47 but which
differs in sequence from that encoded by DP47 at one or more positions selected from the
group consisting of H30, H31, H33, H35, H50, H52, H52a, H53, H55, H56, H58, HI5,
H97, H98, H99, H100, H100a and H100b.
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differs in sequence fromthat encoded by DP47 at one

or nore positions selected fromthe group consisting
wo@Roos88857H31, H33, H35, H50, H52, H52a, H53, HBGI/GB2®4/004253

H58, H95, H97, HI98, H99, H OO, H OCa and H OCb. In

anot her enbodi ment, the single human i munogl obul i n

vari able domain is a domain. |In another enbodi nent,

t he pol ypeptide.consi.sts of a single h . ..

|l GBPBELTT RO e STt NBR AL T varighfg domain s a
VARIRLA. TS ardierd@Hatinent, 1h@POIy P&t de ThRditiBNs sin%f_‘é%ufﬁan
~domai n conprises the sequencé encoded by ge nline V
imgemegbylie M. dORK.but which differs in sequence from

t hat encoded by DPK9 at one or nore positions selected

fromthe gro onsi sting, of .L30,,L31, L32, L34, L50,
L5310 g GPogE Bsahrain st Vi ddRePner
enbodi ment, the V domai n conprises the sequence

encof gfothY: GE5dHiInBE, MeIERNHE0 R ARbridE KR RHtentbicflbded by
differs in sequence fromthat encoded by K9 at one

geonliny egpesicgmnentsDBIEP but which ddiers esegnengp fimontiasericoded by
L28, 130, L31, L32 L50, L51, L53, L ,
Dlgsat s o i oSO iea it T Sauiing AL30, 13T 132, L34,

L5600p0Tidli £oo fiiyst Dk o6@IDE.I Ses a phar maceutical Iy
acceptable carrier. In another enbodi nent, the

pol ypeptide binds the target antigen with a K of 100
nM tho asghgvmbadimen therValobmdn eamnprises He seglanoe prdoded by

bi nds__t he anti ge ' a of. 30.nMto 5 pM. I n_anot her
SRS it SoBHE s b B Sieh HTAm I e it ot A s by
. _ : .
nggigr@ggg Eer%?sﬁég%sﬁgi egﬂﬁ? i genthgg&gfzc sg? ec% eg %8%??]0 L3L, L3z,

L3fior 5 Xadple3, 1Hel 82,83, LA¢Iandili®g. or consi sting of
human cyt oki nes, cytokine receptors, enzynes,

co- LR TS LALHENTEE SaoP B 08,85 S0 By

amk@ﬁ@ﬁgcﬁy%ﬂ,gens for the single domain imunogl obulin

In another embodiment, the polypeptide binds the target antigen with a K4 of 100
nM to 50 pM.

In another embodiment, the polypeptide binds the antigen with a K4 of 30 nM to
50 pM.

In another embodiment, the polypeptide binds the target antigen with a K4 of 10
nM to 50 pM.

In any of the embodiments described herein, the antigén can be selected from, for
example, the group including or consisting of human cytokines, cytokine receptors,
enzymes, co-factors for enzymes and DNA binding proteins. In any of the embodiments
described herein, preferred target antigens for the single domain immunoglobulin

polypeptides include, but are not limited to, for example, TNF-a, p5S5 TNFR, EGFR,
matrix metalloproteinase (MMP)-12, IgE, serum albumin, interferon y, CEA and PDKI.
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~ fog pse ingolzctigg inmnunoglalidim popagptidesdhat.sp

pol ypepti des include, but are not limted to, for
exanple, TNF- , p55 TNFR, EGFR, matri x

wOored0alossspe ot ei nase (MWP) -12, 1gE, serum al bum PCT/GB2004/004253
interferon g, CEA and PDKl . Anmi no acid sequences for
these target antigens are known to those of skill in
the art. G ven the am no acid sequence of the antigen,
one_ of.

A Bl edo g oot et 5 ey BB rPREe! i e rt

GERAEhd drbinbla¥idieRlerlcB 0 f B3tah B8, 0AS o LAAN @S artlddf generate antigen
sequence of human MWP-12 is described by Shariro et
ggégallgﬁqj{nd the antigen. As

nk Accessi ’ . ce. of, hu .
oS FR s AEAE35L A FRRERS 1 A RBIRS B, DLTREL 5. o
CE3 - 430623874 -2382CA Ban &ekBaksStd@isi MONo PRIIS0B; the B€quence of
sequence of human p55 TNFR i s described by Loetscher

hugnangINF-og ygeported|y $hirai g5, 3339, Matire A1 L5880 and in GenBank
2SS ~<P19438: ue human .ser.u
AT R e s ARk BRSO AL RAAET M e o
all 990G €gleIicss51-s5avad InnbéBaak AceBBKNATIOES8;0he Moence of
CAAB5057; the _Sce?guence of human_interferon g is a

t
humanessiyn Abuad’ s GeBarnAoesssign Non AAJEH 044 celypam|ghasequence

s SEEBHCRLNIRL ASROLLASE, (o3 Co e R el il Mo v i
at SeaBaisi ABcd¥sion Wb $30A00DR65 the 8tiehtd Ehuad G atodiBeRibEydlic
sources for antigen polypeptides. is further

I t h
anfper is 2t SenBank AscRgsOR dio- 192}, andrihe sqopercs of hyman RBK ! is at
[ : [ , .
G RO R0, TR g O L PR RO fof Mfigen
pob@leytdgst idie findherpadfered; alihioreh nbNFeqaired) thatshasndad dtheP2Bigens
in vitrqQ assay, with an I 50 of 100 Mor less. In
be B REPUEMSodi nent, the pol ypepti de conprises the
sequence of TAR -5- 9 (SEQID NGO ) or a sequence at
| eagh ;R0KeSibd BchiOtheRtitd Numan TNFRHOT §hother embodiment,
enbodi nent, the antigen IS human TNF-a receptor pb5.
thd polgpweptiie newrdinds henin TNEex pod stpedaid 0829 e bssay Jweith an ICs
cytotoxic effect of human TNF-a in a standard L929 in
Of‘JgQF‘M%sl%;y, with an | 50 of 100 Mor less. In another
enbodi nent, the pol ypeptide conprises the sequence of
TAl : I 9
s rFr\?? g@ﬁtﬁ%ﬂ %é%glméé%h% fgﬁp%ﬁt?dé%ﬁﬁ)rﬁés h8284ucBOYBf TAR1-5-19
(SEQ ID NO: 16) or a sequence at least 90% similar to SEQ ID NO: 16.

In another embodiment, the antigen is human TNF-o receptor p55. In another
embodiment, the polypeptide inhibits the cytotoxic effect of human TNF-o, in a standard
1929 in vitro assay, with an ICsy of 100 nM or less.

In another embodiment, the polypeptide comprises the sequence of TAR2 (SEQ
ID NO: 14) or a sequence at least 90% similar to SEQ ID NO: 14.

In another embodiment of each aspect of the concentrated single immunoglobulin
variable domain compositions described herein, the single immunoglobulin variable

domain polypeptide comprises a sequence selected from the group consisting of SEQ ID
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I n anot her enbodi nent of each aspect of the
concentrated single i munogl obulin variabl e donain

W@ o09p033sr: ons descri bed herein, the single PCT/GB2004/004253
i mmunogl obul i n vari abl e domai n pol ypepti de conprises a
sequence selected fromthe group consisting of SEQ
IDNO 2, 4, 6, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,

NGo2 5 1845 §820622. Bp26.73 382, 3036788 Gk 4888, 50,2,

54886, 537 608, 6206288, AL 72.The 7T6MIERbi 91 8hugd BEI'89. 90 and 91.
enconpasses a nethod of preparing a conposition
conprising a single human i nmunogl obulin vari abl e

donelhie ipwenfien pritiers enerarpasesdsmelthod piprepatinge eanpagiion
i t.h- . ] rei.n..the.
ool st hEs LRl oAl arhBictBhal pOlORERC el Bipas o
poli@Bptidd agigde twdthr Kigof loys thivs or amate 100 oM ohlicréih tRSFolppaptide is
wavel engt h, the nmethod conprising the steps of _
Presgpia d<OReFnaraHoR peatdeast 4¢P @ffc@cﬂq%@nale@i hygibgorbance of light at 280
. . Ci o . i ‘1 a host '
o) FEBES o bR S R By BBl glRncoding o
singie ingemogildtulia vafiable demaitngpolgreptideial a haxt €0 wiereii the
oncentr.ating the singl.e i nmunogl ohulin variahl e
polygfieh %éwgﬂwwgd? BiSs g EDAIEN (B Gieandsd 00 oM, and
coft¥hastidethe rsfﬂtg%%rﬁdhc%m [iﬁ@ﬁﬁ?ol@ﬁoﬁ%ﬁ%ol pH8&to a concentration
enbodi ment, the nucléic acid conprises the sequence 0
of eineasd #OGEN hDdaNDmided 18, alsprbbBee 4542807, 19, 21, 23, 23,
25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,

51, .53, 55 57, 59, 61 .63, .65 67, .69, 71, 73, 75
77, Tyghe §Rboien Hegsielsic Fid defhmnes thiy Sefiueiiep 0dpg of SEQID
NOgdent 5cgd, 1501018, of J8heses Mavbher, 3@”@52@?7,@1?41, 43,45, 47, 49,

enconpasses a vector conprising such a nucléic’ acd
51,113 5h e AP @ln 686, 168y 6B d oTHh ASs€E 74, ilnrBd rant 85 e r sefueace at

S| e, h n i nmu | obul i,n vari abl e, domai n
teafy el R % R SR fRe AbokfhiRbafih s fRRiRsses arertas
corhpiadin@buddttidlcldi®ack0 nM wherein the pol ypeptide is
present at a concentration of at |east 400 mM In one
enbodi ment,. the honmomul tiner is a honodi mer or a
hondhe fnyeption firighencempassss ahpwamultgper ofa siglehuman

RSS! DR B ah  eo
lesetibndi aeprad to t¢lenvipwhereinsthe polypeptidedspresas ada bontkatration of at
pepti de sequence, and the free cysteine residue is

leagtJORtHMA- at t he

In one embodiment, the homomultimer is a homodimer or a homotrimer.

In another embodiment, one or more monomers comprised by the homomultimer
are linked via a free C terminal cysteine residue. In another embodiment, the monomers
further comprise a linker peptide sequence, and the free cysteine residue is located at the
C terminus of the linker peptide sequence. In another embodiment, monomers in such a

homodimer are linked via disulfide bonds.
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term nus of the linker peptide sequence. In another
enbodi nent, nononers in such a honodi ner are |inked

wo @St fi de bonds. 10l n anot her enbodi ment , PET6B2004/004253
honmonultimer is a honotriner and the nononers in the
honotrinmer are chemcally Iinked by thiol |inkages
with TMEA. | n anot her enmbodi nent, the nnnoners of - the

PO P 85 SBE fa Be BRd 8 Sfmer o
thé horaotrings? afdicHehcal BTIBMED B IES] %HﬁgéﬁwﬁHH‘MEHEf of a

single |nnunoglobulln vari abl e donai n pol ypepti de that

b|ni onpeptlde antigen with a of |ess thanor
equal* iro?an‘fm ARy BieAnenmmesnoyine pemgauitimesrase anecifist for a

on odi ment ,
mSARERCRA) Bafinc? bt iRt o Bl KRR nor.
I n anot her enbodi nent, the single |nnunoglobulln

var iThe |lEV€dlUUH furtheo bqunia!ssbe aliteorRuliiier Sf A gingle immunoglobulin
pol ypepti de. I n anot her

|n variabl.e domai n
Vala% a? po }ﬂ)ﬁgtlg ﬁhﬁblélﬁfm ﬂgo%@gtﬁl@ ﬁn’pgenawﬁlmm of less than or
eqi@y PePLiM SRR B8R BolyPRBtiddiy %bﬁgn B%Bﬁ g{argtz&lc&ﬂm Feasf400

a conposition conpfising an xten
M. ohnmearmhmdlmcrrtpﬂm $etecpraultinegise hawrodiagk obhidtemdtrimer. In another
I n on enbodl nt, .the single

crnb b b URE SRS B RIS doriaim By el 1 o human single
imARASEbbEh varfas] eQio'xﬂ'Qiﬂ'ﬁ %ﬁﬁﬂle' it Y@ Rhbo Hﬂﬁ'é?l't,r}he Folpeptide

a canelid or other non-human species single
antigemin e §iobupolypedideabligerdomai n. | n anot her enbodi nent,
t he single i munogl obulin varlable domai n is a human

sin Lin variable n. The.invention
ur EhE BB BC B sk 8 BB o e et plase
forﬁluthtlsﬁ @s@pfking iasbrgtieimthindlobulidivatiehia domBin) €8 énd tmbb&ihent,
tment, the_nethod conprising adn1n|ster|ng to the

the SIS inagtoglohuliavapakle demiamis ampedumas mamnalianstingle
|
AT g PR BE b SRR iR inas
imrauprglgtpiptviadebladbingn Iniahbther @fibddément] theRingle @aahoglsbulin
wherein the Iy eptide is present at a
Var@gf‘?c‘g’?ﬁl%fs AOHTEAn SRElF ERERROEIb R vATH bk emsib odi ment
the single human i mmunogl obulin vari abl e domain
The invention further encompasses a method of treating or preventing a disease or

disorder in an individual in need of such treatment, the method comprising administering
to the individual a therapeutically effective amount of a composition comprising a
polypeptide comprising a single human immunoglobulin variable domain that binds a
polypeptide antigen with a Kq of less than or equal to 100 nM, wherein the polypeptide is

present at a concentration of at least 400 pM.

In one embodiment, the single human immunoglobulin variable domain
specifically binds a human polypeptide antigen. In another embodiment, the siﬁgle
human immunoglobulin variable domain specifically binds TNF-o or TNF-a. p55

receptor.

11
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specifically binds a human pol ypeptide antigen. In
anot her enbodi nent, the single human i mmunogl obul i n

wo a005akdse2 domai n specifically binds TNF-a or TINEF/GBp®3/004253
receptor. 11The invention further enconpasses a net hod
of increasing the in vivo half-life of a conposition
conprising a pol ypeptide conprising a single human

| h bi nd
R A SO DS RIS B i o
a cbﬁﬁ)oﬁlfkﬂpnwbﬂl@ﬁbmgtahﬁ)lﬁfébﬁmmpiﬁmgsa HHES (ﬁﬁfnaﬁ‘imﬁmno globulin

(o]0) centratlon of at least 400 mM_ the net hod
Va%ﬂf) ApwpmghatRindshpelyPapiidk arégea with 3 ke ef lrss thenloe equal to 100

LSS ok LS PR T . o meos
cotpeiriap edvaifialyligkehy abklyheneoldeoleyta tkeedtyhRiRRioar

polyoxyalkylene pol ymer or a branched or unbranched
In anot her enbodi nent, the poly

sacchayi (g
PR Paganho m?gt he Robme CopEigEsE mtl@epdsqrrwwwa straight

o BEBBEA By DO e R Grol e REKE B o
bnﬂ@hﬁbxy@bnmyh@hyﬂgmmdgtyboI) I n anot her enbodi ment,
the pol ymer conpri ses polyethylene gl ycol. In another

| t ft th
o'y LR ent iR B B b RmitE o SHris%s it PLHB uted
stréi gt DagRRed dldﬁ@fé@l?&h?fenb grye&la& é;ag/vﬁm ai&ah&- life of a

si ngl e i mmunogl obulin varrabl e dormai n pol ypepti de

conposition, the nmethod conprising linking the single
s G ragn b 2o B FompEsea msdspodyedgiient lycol).

i mmrunogl obul i n vari abl e donai n polypeptlde t hat bi nds

a pﬁi MRERE AR iRt 'tﬂ&%ﬁ%@%ﬁ%ﬁ@is@? Eb‘l%t% ng gisyfcgl % another

the construct. In one e se
embodioneniy Fhebudlernlwmawbigbt & thopalyethplehy plepoliid 6,000 nel SO aoo kD.
serun1albunin e.g., human serum al bum n. The

ngrlltf % rﬁ%ﬁ%ﬁ?{ég on‘g&g&&%ﬁ& a SI L ogla%ﬁ%‘{g 1fe ofn asingle
1mrMﬂ1idg&iHuﬁnd@HEH>l€ dohain pUlRskptide BSthyRER, Qf% Ahb @8 mMidiRe

a of less thanor equal to 100 n wherein the
linkseg the el aienmengglehydingvagiabla dewaindntarsacindrsingle fmireegdobulin

VarliéggadMau?B&y%}ﬁ{d%ltﬂat%t}lds RS |o¥}%eegt1&e t%at 1%crfegsrets t eer selrllmrl] lﬁal(il-hfe of

the construct. In one embodiment, the second single immunoglobulin variable domain

polypeptide binds a serum albumin, e.g., human serum albumin.

The invention further encompasses a compositioﬁ comprising a polypeptide
comprising a single immunoglobulin variable domain that binds a polypeptide antigen
with a Ky of less than or equal to 100 nM, wherein the polypeptide is present at a
concentration of at least 400 uM, and wherein the polypeptide is further linked to a
second single immunoglobulin variable domain polypeptide that binds a molecule that
increases the half-life of the construct. In one embodiment, the second single
immunoglobulin variable domain polypeptide binds a serum albumin, e.g., human serum

albumin,

12
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second singl e i munogl obulin variable domain

pol ypepti de that binds a nol ecul e that increases the
whadoss3sfe of the construct. |In one enbodi nentPCT/G82004/004253

second singl e i mmunogl obulin variable domain

pol ypepti de binds a serum al bum n, e.g., human serum

al bum n. 12The invention further enconpasses a

L |y t
C o et R ek ShButhe RS WHarRanfEn GOMRTsRE Ao Dprptide
compﬁ@lh]g pepiddBuRnt inﬁlﬁﬂnd/gléﬂhlﬁ vafiable ¥smiafeRatlin QA Fdlypddtide

0 nM wherein the polypeptide is present at a

anté&%@ﬁh P &ai ob hesg thagtor |ee@@tto m@nlewhamn ‘;hﬁl@pbipnptdfgls present at a
coRBnlRER bEF el A BREMhEE B RnaRb Bertis Ry atbrises o

co*@d]éﬂtgﬂﬁﬂdea pBlyMEFRIbI el e/ Hﬁmnb@ﬁlbéﬂﬁﬁ@l@ Rhe pdl ide anti son isa
ment, the polynmer is linked to t he pol ypept i
hu@@ﬂﬁpb@?ﬁyw&mﬁgﬁgle i mmrunogl obul i n vari abl e donai n V|a

a cysteine or lysine residue conprised by the

pm

Fol SFEE? bilfociihiR, b RERAEL B o TR o dE o Bl g snete

immnond glbhulﬂavarﬂlbfe&hﬁndlmmaamyls’@ﬁte dvilysiiengsidfié carhprysediby the
' be attached

ecl Icity, eferred that | ymer ,
}dfen s ﬁ@teaﬁ?lﬁg*[eeﬁs opdhpevsyall &ldink @& cotorpasion of the
VarYa%‘ié @&hﬁnd\gﬁﬁhnn Reh ¥REDF A ﬁle aﬂﬁ &h binfi gi RS or s ec1ﬁc1ty, it is
mbodi nent, the cystelne or ne resrdue I's
preétmetdﬁba@Oﬂsenm bewedtadtiedtadt er nmmlmghmb wk carbugy teahirms ofthe

d i n I | n .another e di nept, the .
varf e a8 s REBRGrS T f RO REt R s By oy S or Iysine
resiRRk Y .‘P%E!i,én@ 8t 186 (PHchBindd oﬂth‘éhﬂ]ﬂhﬁlo%ﬁﬁh‘lﬂp%r%w ddMain polypeptide.
vari abl e domain. In another enbodi ment, the cysteiné

In anothey smbedineasit dhecystginderdyisine thstilug has h@naﬁﬂcﬁbtoahe polypeptide

t|de conpr i

o8O T BBl PR S R o, e
cys&ﬂﬁkﬁcﬁh Irsing restdme haobaemeiddedaithe a@nooredib®ii; tatieelisT the

unsubstltuted strai ght or branched chain pol yal kyl ene,
POlRRANISE REMTIEAS 2 sMgloimrayrealoblip yarighle gempingr ~ a

branched or unbranched pol ysaccharide. In another

enbpdiFR R

unsubsti t ?Jte 1@38?%# X%ﬁoc%?ﬁgir)%dn che SQ% E%ﬁmsi¢$§&%sé1% ed
stragghy oo brapcheglodhpin pqlYal]ajl'lcmm pblyalkenylene or polyoxyalkylene polymer or a

branched or unbranched polysaccharide.

In another embodiment, the polymer comprises a substituted or unsubstituted

straight or branched chain polyethylene glycol or polyvinyl alcohol.
In another embodiment, the polymer comprises methoxy(polyéthylene glycol).

In another embodiment, the polymer comprises polyethylene glycol. In one
embodiment, the molecular weight of the polyethylene glycol is 5,000 to 50,000 kD.

In another embodiment, the polypeptide has a hydrodynamic size of at least 24
kDa. In another embodiment, the polypeptide has a total PEG size of from 20 to 60 kDa.
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I n anot her enbodi nent, the pol yner conprises
nmet hoxy( pol yet hyl ene glycol). In another enbodi nent,

wo b@spsdsyner conpri ses pol yet hyl ene gl ycol . | nP@REB2004/004253
enbodi nent, the nol ecul ar wei ght of the pol yethyl ene
glycol is 5,000 to 50,000 kD. In another enbodi nent,
the polypeptide has a hydrodynam c size of at |east 24

ot An SPeBECTIRER, B oo ienh G RS LEBY SRR f loast 200

ldﬁ.ﬁ’qa dhomBt em}SJ?fr‘m@Rﬂ WGP n%ﬁiﬁtuﬁ@ﬁasaa tBﬁéﬁPE@yS'i‘z%'Htffrcﬁﬁ 36tP80 kDa.

l east 200 IcDa. In’a er enbodi nment,
poI ypepti de has a total PEG size of from 20 to 60 kDa.
In dn @ncbtbﬁr @nhmhimnﬂmthe RE{¢-lipked palypeptidprsitaipeqitleate 90% activity

relgfiSipafc Fses PoleRamge e FEDaRTeRE it e GRT  mpaured
bY'ﬁﬁﬁ%a&&hggoWeﬁHelthé t liched. pol ypeptide for a

target ligand. 1n one enbodi nent, the polypeptlde has
an increased in vivo half-life relatlve to the s

pol ypéepe P@bo@m?ﬂb dha pAYPIPAER harpprciBFEREA LR Yivp |hﬁ1%°étéfe relative to
PRl BREs Snffctrion AoBRPL R IR LB et e blycol,

by 10% or nore. In another enbodi nent, the ta-half
| i f én afiothéreengwidypen; thd eodalfjids bf ihe moly@ept[d:erc@amm;l is
50% or nore. In another enbodinment, the ta-half life

m«‘éwtachby ﬂagw}s@mrpd & w%%sqrrtméﬂn% theto-bald B whgxolo’peptlde

y |if
COIBBP?B%%{S 1gcerc%se§%8§6b/o ar more IPi 8’!1 %r e&qnag )911%8'32’ tgp Q’?lfe of the
polyBept [Hétd'(’oﬁfé)o&'ﬁ@ﬁ% iﬁ@fétasedtﬂ'iﬁzx ar hatd. Thiah6thef ethb&diment, the to-half

pol ypeptide conposition i's increased by 50Xor nore. In
llf@mﬁjhh eolyeeiuldicompositiphas ingrehsedfbyl li0Xeorghonehdn another embodiment,

s th 30 m t
R U R R R e
of the pol ypeptide conposition is in the range of 1 to
6 heyhsthdrnfaaihal, B RCALIERA of ﬁlQ geﬂ?ﬁie cng 6iti8f is in the

t he pol ypept1 de conposition is I nc Yo Or
range b€ 30 htingsotoher heamnd ok iether emb@dltrﬁnh ﬁieftocl—haﬂfehf@fof thee

folypeptlde conposition is_increased by 50% or nore.
po

YRER{HIStREIPOEHEB & idhe rangnef | i GBPYS| i fe of the
pol ypepti de conposition is increased by 2X or nore. In

pol Joai R, o B P IR b bR B B Sompositon s
inckdas@lef D& oe maeeli Ifeaiother embodiment, the to-half life of the polypeptide

composition is increased by 50% or more. In another embodiment, the to-half life of the
polypeptide composition is increased by 2X or more. In another embodiment, the to-half
life of the polypeptide composition is increased by 10X or more. In another embodiment,

the to-half life of the polypeptide composition is increased by 50X or more.

In another embodiment, the tB-half life is in the range of 12 to 60 hours. In
another embodiment, the tB-half life is in the range of 12 to 26 hours.

In another embodiment, the composition has an AUC value of 15 mg.min/ml to

150 mg.min/ml. In another embodiment, the composition has an AUC value of 15
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the ta-half Iife of the pol ypeptide conposition is

i ncreased by 50X or nore. |In another enbodi nent, the
wo beosas$s7tife is in the range of 12 to 60 hourBCT/GB2004/004253

anot her enbodi ment, the tb-half life is in the range

of 12 to 26 hours. |In another enbodi nent, the

conposition has an AUC value of 15 ng.mn/m to 150
mBEaiRin e [ . c osi.tiqn ha

e 0 e A T SIOHRE B0l 5 SRR i A A
vadireorthidrme miindilrte 76 mg. mén/mbnfrosiotlied Bmbasinant, A ot déRion has an

1 in/nm. 7 .mn/m. I n another
Agébvc?gfe;%‘ﬁmgﬁﬁn}?gﬁ%ggg%‘laﬂpﬁﬁs an AUC val ue of 15
ng.mn/mM to 50 ng.mn/mM . The invention further
encorRAssation fGARRREEShIRsGU RNl HY i i i
conprising a single i mr%ug%glngulq%ﬁ dg%glﬁﬁgh%ﬁﬁgtﬁﬁngﬂﬁggtlc}f
COPPFIFRE azingle anmphegiobulinf Vy ain et bordsedamkt 4migdD@ithM K, of

L gl o AR HRERIES T B R R R R aconisttaton of a

ledlst 40U et as2Bermipedan albestBhtbe o lighhg Z%Utﬂ%g@egén i he
si ngl e i mmunogl obul'in VL donain is a human ofmai'n. In

anot her enbodi nent, the target antigen is a human

ant iy ene empodipsah de o timeneglobuia Codpoaints ohuman Vi
dofnfst her conprises a pharmaceutically acceptable

carrier. In another enbodi ment, the pol ypeptide

conpri ses a honmonul timer of the single inmunogl obulin

doméi another earbotiieent ghb edgetantigert b @ hoaaaAMligdner is a

honodi mer or a honotriner. The invention further
or oral dosage

encpnpasses extended. rel ease, paf ent er al {

f or fﬂ:n?“ﬁ’i?% r‘?Ele“8fm’Eﬂ‘3C{1§? FiyrROst PISIINTISes, aphaapiaeeutically
accépaBlctap@rypept i des and preparations described herein.

I n one enbodi nent, the dosage fornulation is suitable.

for_parenteral admi nistration via a route sel ected

f r ofR 3nQEhcy ebpdisesms ithe polypeptide nempnissaummomultimer of the single
imrh MR SRAY2 | aperitoneal iniection .. _ . ,
e pieant a? %an?mﬁ%%t gf d an cFrr terrng’ﬁglgéeﬁjﬁg*le AP me i§ Hhomodimer
or dhonaotdtdeer enbodi nent, inplantation conprises

i ntratunor inplantation.

The invention further encompasses extended release parenteral or oral dosage
formulations of the single immunoglobulin variable domain polypeptides and
preparations described herein. In one embodiment, the dosage formulation is suitable for
parenteral administration via a route selected from the group consisting of intravenous,
intramuscular or intraperitoneal injection, implantation, rectal and transdermal

administration. In another embodiment, implantation comprises intratumor implantation.

The invention further encompasses methods of treating a disease or disorder
comprising administering an extended release dosage formulation of a single

immunoglobulin variable domain polypeptide preparation as described herein.

Definitions:

15



10

15

20

25

The invention further enconpasses nethods of treating

a di sease or disorder conprising admnistering an
wW@xa0sn08s@2 r el ease dosage fornmul ati on of a si NgPET/GB2004/004253

i mmunogl obul i n vari abl e domai n pol ypepti de preparation

as described herein. Definitions: 15As used herein,

the term"domain" refers to a folded protein structure

retains | s tertiary,, uctur |nde endent | y of.

the P biRedleRinbE eeion Rt Tty Sl Tt abne Which
refa@BAansitakesthture hlfdépa{d%n{w BEth 982 bf HeQRSER Q?en@fally, domains

proteins, and in nany cases nmay be added, renoved

are reaneiiséhle der dissree Manctipnalteopestissi oaf povteink.cad imfafy naﬁes oray be
f.th ei n_and/, the do
o0, bR BASToul ) AP Ol e B O Al B BERe Remainder
offtlo)d ﬂedanp@;hd/@le@ﬂthelaoﬁ@ﬂal n which conpri ses sequences
characterlstlc of i mmunogl obul i n varlable domai ns and
§peC|f|caIIy bi nds an antigen (i.
dis g%se | 0516 HOpyRegIghlinYarigbly domsn’] 1é§%eﬁnt %folcéqdr@ls@epnde
doh B! &h%%w&%eé&&ﬁh%k? 1‘?-1 BRdrtic HP ﬁﬁﬁﬁﬂm@?ﬁtﬁﬁﬂ \Hﬂg%ﬁ]fe domains

conpl ete antibody ‘varia domai ns as as no
any awhichipecidioally bisyds fwantegearfid. edlssmcmhbn bowstant of SO®NMRS or less). A
“StURBRRED G ELPRER RS IE AOgap YRFo i o doreere g anibody variable
dodnirishe fe1Mamahied dﬁmumrﬂ\ﬁhsc Eoﬁh%ﬁﬁptéqﬁwvlﬁéﬂl&&asﬁﬁ Jg floops

conprise N- or Cterninal extensions, as wel
hayg la@néﬁIﬂQCQﬁfbmmu@wré%Whmharmlsotwhmhteneumfmnabody variable

doﬁill ﬁ"'% Uy Rﬁ‘élog% V%ﬁ%le% }na?nsggrﬁ ave 81% g'unc?&g (ﬁl\ﬁogi,pnlsgys or C-

terﬁﬁnﬁhl BMeﬁmth aswelQP fdl%cbfragrﬁé:rﬁs oﬂ%abM dbﬁndnﬁ&ﬁhlcﬂ QeQalﬁ Il
or .| ess) and the target antigen specificity of th

dlSﬁQﬂlﬁtﬂqnéwgﬁqarnmfré&OﬁlM AT kegnteed- rf-ArVLIo6 dgps, 490 i s, §50 1M or
Jes€ B AL %ngsg %59 m@bpwsse 2N g@g%o HMV&fllhs%b (ﬁ) &%@ 18ks) and
t1de as t ras

pol ypep e termis used herern
the tsngng&rmg]ennpnuh@cbiqmﬂ thexfulllehgthlderdanah r‘fdmhmmﬁnbd)die or “dAb” is

onpass ot only_an._.isol si.ngl e i munogl obul i n
e PR & SR FPOIHsEL SEonle forapE dopaEgale o the form 1 used
herRR) ypeptides that conprise one or nore nononers of a

singl e i mmunogl obul i n variabl e domai n pol ypeptide

sequence. Such | arger pol ypeptides conprising nore
t hahbephrase “single immunoglobulin variable domain polypeptide” encompasses

not only an isolated single immunoglobulin variable domain polypeptide, but also larger
polypeptides that comprise one or more monomers of a single immunoglobulin variable
domain polypeptide sequence. Such larger polypeptides comprising more thanone
monomer of a single immunoglobulin variable domain polypeptide are in noted contrast
to scFv polypeptides which comprise a Vy and a Vi, domain that cooperatively bind an
antigen molecule. The monomers in the polypeptides described herein can bind antigen

independently of each other.

As used herein, the phrase “sequence characteristic of immunoglobulin variable
domains” refers to an amino acid sequence that is homologous, over 20 or more (i.e.,

over at least 20), 25 or more, 30 or more, 35 or more, 40 or more, 45 or more, or even 50
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nmononer of a single inmunogl obulin variable domain

pol ypeptide are in noted contrast to scFv pol ypeptides
waokdosh3ssenpri se a V and a donmai n that cooper at PUEGH2004/004253

bi nd an antigen nol ecul e. The nononers in the

pol ypepti des descri bed herein can bind antigen

i ndependently of each other. As used herein, the

orBBE 2 RN TPRG. £ B SR TP PSRt et
dobrduii sdquei@ol ogous, over 20 or nore (i.e., over at

| east 20) 25 or nore, 30 or nore, 35 or nore, 40 or
nor e nmore, or even 50 16qr nore contiguous

am o ‘éﬁ?fi g‘grm‘%’ dhesterny chomalogss sy Fisakrriby wer to the degree with
wHi SAHPH @ %}H‘f b Rr Kﬁﬁd@aﬁllc??eg{%‘i?deg st?&c%ﬁ%ﬁ ?ese@ﬁlpte% I?Oﬂ’l s used

her ei n, terns
hetema Sd@gme@“mmlhrmﬁ |1s:dnntemmm ofihe legnée tcowhﬂmaﬂﬁn@@dldi sequences
he gue ces .stru tur£4%¥ resenbl e each,. other. As used
ShYE PRIHAT S8R AHE EosidieR il cqriepRondimg Roskions it & genmeat of the
seflRgERe Alﬁm‘ﬁ’fb'cfalﬂ PR AR AR P Sﬁ@?ﬁﬁ&% 8PLi8e ShAd AL similar,
am no acid residues at corresponding positions in an
Spegifiegilye nsimblprityfensergprssesesninAatide that ids onseevativaishisstitites for
wher e the I Slde chai

cacdifory 1 iy oA e e R R uBien Bl hes Bposive score in

thetloduneg2esubsHitags:y AlairikeFRu RS ff bvd BRnfilRsfr, 9999 1958 %atl, Acad. Sci.
conservative" substitution is any substitution that

US#a89:d 086310918 Hydhe steiement sHesngaeisalbsiniitantd ssquence B” is

melffthh ok B el Ofibn 20Fb B Afdiar éggz pl bfeem aidnences A and

B cbasigis efiitenficdl antif6 5didd éﬁfonﬁﬁvﬁmwﬁbﬂﬂu’tﬁ)nsl ©ptid blobhat
pti mal gl obal alignnent

n% of t tions of an
ali g epte %@& é’ff%ra%d Using regollesiiae ppmsters gethe iNegrllemenrifunsch
allg%ﬂéjﬁa%gn%pser vative substitutions. Optimal gl obal
alignments can be performed using the foll ow ng
parEﬂanhmmpndeshe Needl eman- Winsch al i gnnent

| ith t d Substi t ut t
bl osum 69 0BT on: - A -B*LG whers A<l
(the gap ﬁ@éﬂrin%)ﬁm@roh (A D 03Pwh&B AN 1RBRYab pin RS, BG (the

Is the length of the gap.
gap length penalty) and LG is the length of the gap.

For nucleotide sequences:
Substitution matrix: 10 for matches, 0 for mismatches.
Gap scoring function: -A -B*LG where A=50 (the gap penalty), B=3 (the
gap length penalty) and LG is the length of the gap.
Typical conservative substitutions are among Met, Val, Leu and Ile; among Ser
and Thr; among the residues Asp, Glu and Asn; among the residues Gln, Lys and Arg; or

aromatic residues Phe and Tyr.

As used herein, two sequences are “homologous™ or “similar” to each other where
they have at least 85% sequence similaﬁty to each other when aligned using either the
Needleman-Wunsch algorithm or the “BLAST 2 sequences” algorithm described by
Tatusova & Madden, 1999, FEMS Microbiol Lett. 174:247-250. Where amine acid
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For nucl eoti de sequences: Substitution matrix: for
mat ches, O for m smatches. Gap scoring function: -A
WO Bis@3sher e A=50 (the gap penalty), B=3 (the BEPGB2004/004253
| ength penalty) and LG is the |length of the gap.
Typi cal conservative substitutions are anong Met, Val
Leu and lie; anong Ser and Thr; anong the residues

seBigp o E ?@ﬂ%&m%ﬂéﬁen%ge%i}%&%%g%ﬂm gt gg matix

is SRAUEgRAeSa@ike "honol ogous” or "simlar" to each other
where they have at | east 85% sequence simlarity to
each other when aligned using either the

Ne e ch enged-heyaie, dhe ergs low’fn@genm” “mdmgrrstzngmm Enig

ri bhm.descr b oV a,, de 199
bRy o (47 Fleh F55o St e dBRY Rt or it ac
hybfigpatiensebwadheng| GEiaetteust hgfdriteng }%LbﬁﬁEaﬁoﬁ muﬁm&;an be
the Bl osum 62 matrix is the defa

| th
\3@? %rcliw 7 &]@ Rigiogol én MobecufarBiglagyrd ohn Blileytée Sﬁgﬁ; M:V (1989),
6.3 ?ﬁaﬁjn!s' W RikA 5&88 é{rated HY-Gh b?&%feféggé]%y s enfifety ngq eJ?J:s 3R4

Gency Con 1 ONS desc e con |0nS nucl el c
noaﬁqltéohs/b]lethddi altel described invembieferendauind @ither cfaﬁlbe used Specific

BRI SRGRPBERoR H ORGP SSaP P Bay (D) SR ATREFR,
yﬁﬂ@ﬁaﬁﬂ) con(iilt?)%g In 68 sBdibiPerdorfae/ Ml cf X%u ALE g‘) QP%&%B?QTC

ereln y reference 1nits entirety.

folenedibye s w ek ﬁﬂ(s.zzalrsscole)smro IS atilénst zlitaiO°C ¢fhenanpaamrsof the
ei ther can be used. ecific hybridization conditions

wash¢scaandg inesedsed & HS °e§;‘r I do5v Sloingewy copdijionyin2y madivge aleipgency
hyBRidH ét?@%‘gé%?on%?%é@%g@u% G oflE™5{ By Sbe RERESviTes in
0.%% é?‘ﬁ%@% ﬁfg%"é@t %%ﬁ) i B8t g& %%yf;n&itzlé‘@oﬁ ﬁfo"ﬁé % 6X SSC at

e Was eln 055Cfor

abaiitr4spgefotipwed beliohé onsipre yashesrirdd. X SNT, Orige SQ‘S at 65°C; and
hybridi zati on conditions, in 6X SSC_at about 45C,
preferabBidyvey Daghestargsnsy By hadipion; cogdifignssase 0. M sogiumephesphate,

o e | t o) o
b0 Sa R Sy L AR o B Ss C R DR 0,
0.2X SSC, 0. % SDS at 65C, and
As used herein, the phrase “specifically binds” refers to the binding of an antigen

by an immunoglobulin variable domain with a dissociation constant (K4) of 1 pM or
lower as measured by surface plasmon resonance analysis using, for example, a
BIAcore™ surface plasmon resonance system and BIAcore™ kinetic evaluation software
(e.g., version 2.1). The affinity or K4 for a specific binding interaction is preferably about
500 nM or lower, more preferably about 300 nM or lower.

As used herein, the term “high affinity binding” refers to binding with a Ky of less
than or equal to 100 nM.

As used herein, the phrase “human immunoglobulin variable domain” refers to a
polypeptide having a sequence derived from a human germline immunoglobulin V

region. A sequence is “derived from a human germline V region” when the sequence is
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preferably (4) very high stringency hybridization
conditions are 0.5M sodi um phosphate, 7% SDS at 65C,

wo o088t by one or nore washes at 0.2X SSC, 1P6B0OB2@t/004253
65C. As used herein, the phrase "specifically binds"
refers to the binding of an antigen by an
i mmunogl obul in variable domain with a dissociation

e1tégrg§<tp}g%t rfglg%é‘a%’é%é"m’ 13%41 &E’peﬁgron? & ur 1 % rlIn?e?neanﬁbody
gef 460 @&&% gﬁiﬁﬁ@ﬁﬁoﬁuﬁﬁﬁ%ﬂtl sBPAL ééh%ts% éH&Qs) or when a

Bl Ac I net’i c eval uat | war e version
clcmed)nmn“ﬁh genﬁ]ﬁmmViryglom séqacnca vszpse:sp‘d tcr:gdmeram mge or more diversified

interaction is ref rabl baut . 500 M or
seayRaF ey GOt RSB E e er Do AT BB of DhGng to o
de§1?€d%ré%t ahigah! ian 'atrﬁﬁnﬁhlﬁﬁ“ DB Arf@hendglotRiliadiagbwidbiham has at
| ess than or equal to 100 nM As uUsed herein,

t he
leq§h85%e1mimj m;d sipitasit GheBdinEnfov axanae.cS oAl 93V e 19é Vs 97%,

oo B P DB A P e S
donﬁﬁfge\qaglcfer om a human gernline V region" when the

sequence is 18either isolated froma human individual,

isolated froma library of cloned human antibaody g
sequdirEraivelys onin 3dgition, “aRumpanErmunagiofylyp veriaklg ﬁelﬁam? isa

vadiii€ déﬁ%%&t%}n ks MERu ARG a%%ﬁ{ﬁlﬂ VARLHL dBfaM framework

regl on sequence mas used to generate one or nore
reglonss(iFSV f—iF@‘ﬁﬁl)smﬁmne\esrk(rbgaonmd eeh forthbaﬂ@bateﬂ al. (1991 supra).

gagene& S wer e ltggn srhhect ed for ndi nl%
Thy e Ajpapy iy %&10 ’cfﬁ %félﬁb e Aomait{TAmEF K rﬁg‘ﬁﬁ?m‘ﬂlco pass a) an

am!nW&’ rcn{ﬂQHéé &F MAnh R0 Bn SRR I8 bRASnah h%ﬁev\%@ﬁ@%‘fﬁﬂ%ﬁa‘c
acid larity (1 ncluding, for exan'p , 87% 90

cmﬁﬁ%es% Uasto7eqntigBeuscmin geids ofihwialrane agid sequence of a human

oG e S AP B RGE PRI e g e iyt b amino acid

sedMeR@R JfMWINEGY P4l hrd tl‘{@s'ahfbtﬁs&hé‘j&ﬁﬁiorhmd seqientas bArRsponding
domai n that conprises four human i nmunogl obulin

frapgmiosioregians warefief baradwerae geérgh@%nt{bpw SEMRyegmgat, or it can also
CO@B%?ea%I\%[%gee&h‘SQﬁ %]r?{;vﬁlcﬁ%tWF Wﬁ' s @% l&tng@l#acoﬁt]aﬁ“?&p to 10

munogl obul 1'n varla

amincedsdsagkencgliffaghcsI(e. grmpso;l A, 3an arﬁ ﬁip&a)oord Osmojue acid
of a human f wor k regi on, % amewor k. regi on
sequgRge dlfferencess relative to the amino ‘aci sequ nces o corresponding framework

regions encoded by a human germline antibody gene segment.

A “human immunoglobulin variable domain” as defined herein has the capacity to
specifically bind an antigen on its own, whether the variable domain is present as a single
immunoglobulin variable domain alone, or as a single immunoglobulin variable domain
in association with one or more additional polypeptide sequences. A “human
immunoglobulin variable domain” as the term is used herein does not encompass a
“humanized” immunoglobulin polypeptide, i.e., a non-human (e.g., mouse, camel, etc.)
immunoglobulin that has been modified in the constant regions to render it less

immunogenic in humans.
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conprises at | east 8 contiguous am no acids of the

am no acid sequence of a human franmework region. A
whewva3ismrunogl obul i n vari abl e domai n can conpPCEHEB2004/004253

am no acid sequences of FWL-FW that are the sane as

the am no aci d sequences of correspondi ng franmework

regi ons encoded by a human germ ine anti body gene

seg al sp, conprise. a variable donmain in

g e ACedt & GPICSREFPDIYF RISARSIDAL %&V%P%Pepﬁde
is é@%&@ecﬁﬁ's@lﬁ%ﬁ 'ﬁgﬂ%ﬁa‘?alﬁ%fa&l?eroﬁ@ 9(9%1((13 afthe rbfteli%nass of moPrr amount

am no acid sequence

: peﬂimlf ‘é@lém@eég pcvlypqttndv ¢hat & nrhentivt nconsintateqoKt es “ah

o e abSs TR R SRR SRRt
prépAFRtidagbOOP1 ep\@rél abl e dorml n" as defined herein has
t he capa0|? Iy?o specifically bind an antigen on its

own, whether the variable domain is present as a
sihited hepriibey feamyiirenerione? rabre t%ﬁ%ueﬁﬁam ohdiverse varianss, for

asso I tion
L A b s AR b S R
thé'ﬁreﬂmhirﬂvanuiﬂmgilbéambmpassarnepdﬁ(ﬁredﬁ@alylpept&ﬁes chﬁﬁphelhght Rast

ed herein does not enconpass a "humani zed"
loﬁ(ﬁ?ﬁﬁﬂ]gﬁﬁsobul in polypeptide, i.e., anon-human (e.g.,

nouse, canel, etc.) immunogl obulin that has been

modiafsivgel hé}efhhﬁle‘%&ﬁyﬁ t‘l?d?ﬁrgr’ %&bﬁ% aﬁﬁxﬁﬁé"gﬁ{e’téﬂ) feons
i mmunogeni ¢ i n hunans As used herei.n, the phrase

polya@ptmles: Ohmmhm atide Theflibmary mcmmmseéognnvmheqsod:aph @b wihikd have a

ed in,solu agueous sol ution
singl sDhBRP Sy Cac bt & TL TR Bt IBGRY B S Bptirasibitn
rep[éﬁl‘loy peBtdqacd didferdnsePbRWEdH libraty HeibiS aRtregionsiBlfor the
or "at a concentration of at least X' is therefore

divessty peisert 1o theddprye rfhediban nepyiekethe iforatofs epwicmixwrs of
po],%eg?id@?l)ryrﬁl%%lér gcflds oy ?180% 1F ﬁ{eec gﬁg%ﬁﬁg&@or cells, for example

oire efs o"a co

bad#ﬁfal, fittises, dnf@rhaleoriigt eclodndnBelike] eravefoimaet ﬁ1tmﬁllibi’ary of nucleic
primry sequence. A library used In

iffer in their

3013 5&@&@%@@}%@% Owamsme%cg}%ﬁa%@ma opb'p@mqslarlgnféqd number

f RERhHAES AQOIREdDLAY, BF nhd %ta HO L MR
° ]lgdg%%’i n, t&%e term ﬁ% i Br g’r yEn er g to 1 &E Gr éiﬂg?) elﬁfsf‘egsmn
veckes,en oglen éwaibow expression of the polypeptldes encoded by the nucleic acids. In "
a preferred aspect, therefore, a library may take the form of a population of host
organisms, each organism containing one or more copies of an expression vector
containing a single member of the library in nucleic acid form which can be expressed to
produce its corresponding polypeptide member. Thus, the population of host organisms

has the potential to encode a large repertoire of genetically diverse polypeptide variants.

As used herein, the term “antigen” refers to a molecule that is bound by an
antibody or a binding region (e.g., a variable domain) of an antibody. Typically, antigens
are capable of raising an antibody response in vivo. An antigen can be a peptide,

polypeptide, protein, nucleic acid, lipid, carbohydrate, or other molecule. Generally, an
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pol ypeptides or nucleic acids. The library is conposed
of menbers, each of which have a single polypeptide or
woembesss7aci d sequence. To this extent, |ibrarBCT/€B2004/004253
synonynous with repertoire. Sequence differences
between |ibrary nenbers are responsible for the
diversity present in the library. The library may take
. the form.of a e. m xt.ure. of polypepLi.des or .
inf GrogRolE va8atla domay T actpiied s Bgr PR i Sesona pagticular
arigbd.S, for exanple bacteria, viruses, animal or plant
cells and the like, transforned with a library of
nucleic acids. Preferably, each individual organism or
cel | Axwsed dierain,ghe {prsrepiéanel refersite 8 gni efblevctak convamsipyally
S ds.are
boﬁﬁﬁ'JB porm@%\éggf ?91%2 Y A eLspsafnh eﬂﬂ%&%%se(lle%n% #ﬁ 161}181&11@ binding site for

i'nco ron~vectors,
anaintibvdye xpd essirepressht theearpel of BpgvificlBsofeMceRRBEd YIntthe€case of a
_hucleic acids. In a preferred aspept, therefore, a '
smgl%ﬁi%mgm eaitbedik en epicopeaepressiisthe vpil pEstrusture bomwklhy a variable

or.gani 1Sg[sﬁoeach or gani sm cont ai ni ng one or nore copies

o an ‘expressi on vector containing a single member of

the library in nucleic acid formwhich can be

exprissed hbwiftisieas “héisratiohg@sipendised inefsaertts dingle
: nenbe%b Thus, .the popul ati on, of host organisnms has the

win yeriabie deraain plypgeiidects slesibed heeiy srrans tat thy
poﬂ?\éﬁ&qn&%&&%&ﬂ Hlehed&rh Qﬁcct Vl‘@soh rY5RAASF @de ig{ﬁh%}t}ltg@ﬁ.mA

gen” refers to a nD ecul I'S boun
pohpeptidedy adnewtrdlizing” mglypeptident (te‘ecblC;SS ameasuraiiie ectdlatysdrfinction

o e R0 0L e B S S5 g, o5

or Hff‘)r@ uB%’tah@' ﬁqchﬁﬁ’ﬂ)%’ Pw®% hrﬂﬁbltl&‘i Gtee i3, de@é?ib‘f‘é &fedt bldfunctlon of the
car bohydr or other nol ecul e. General

targﬂl amrgm)g I’deimledmctmarqf amlaasmtﬂmantmsy @eﬂuecitcmobﬁtbﬁr target antlgen

t t i ficpt t I . .As
oo, B 5P BR ong R FRe 35 ins B dho sy ibirig ono or
mo3t fdfdattirs of QUM QRE BN &Y Mcmun@b Qﬁ’e)@ﬁxp'lm&gﬂhe %gétris ¥NF-a,
V pair. Epitopes define the m ninum binding site

nelarahamgl dotivhpy cambke assessed epngs slandarh 8929 p@bhllufg assay or by
B hS M noe e bpeatoblin tEehE Lontin BimbbEriE-o-
inddbEd ésglo%lf%im PorY AR, ﬂ&’ﬁ'ﬁiegsdr%;mﬁ éﬁ@ed @Fular

used herein term "neutralizing,
activafiefi.ence to a single

USG

As used herein, a “measurable activity or function of a target antigen” includes,
but is not limited to, for example, cell signaling, enzymatic activity, binding activity,
ligand-dependent internalization, cell killing, cell activation, promotion of cell survival,
and gene expression. One of skill in the art can perform assays that measure such

activities for a given target antigen.

As used herein, the term “agonist” when used in reference to a single
immunoglobulin variable domain polypeptide as desciibed herein means that the
polypeptide enhances or activates a measurable function or activity of the target antigen.

For example, when a single immunoglobulin variable domain that binds a cell surface
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i mmunogl obul i n vari abl e domai n pol ypepti de as
descri bed herein, neans that the pol ypeptide

WO niosssres with a nmeasurable activity or funce@DGBRG04/004253
the target antigen. A polypeptide is a "neutralizing"
pol ypeptide if it reduces a neasurable activity or
function of the target antigen by at |east 50% and

re%;é) %rgarc :ﬂgﬁ 161(%? gfiaté 00% %?1/ I%gc% H)% Oe?/ 805605/ g{dmg or s’lgnahng by
a SHlark @hliCoredrhesdes @r[telfnldﬁidtlloﬁ Rf e ﬂe&’@)tdrﬂfgﬁﬁ& c&ble88 variable

This reduct on of a_ measurable activity or function of
dopén pelypentidans a@mn@én%@gg@s%@@w apyneypase i 2 sidapurablp activity

oftlég %argét aaﬁt%éx?g% 3t 1@%@ %5‘9 S‘:lvg go agsrgf“‘l? > é A %%om%So ,aﬂtematlvely,

such t|v

rel@ﬁ%’l’(a)l the indheke cddied bﬁlﬁg@ﬁlrdlihgﬂﬂl:oﬁthe mglétraﬁh éﬁ Aed Preferably at
Vit e assessed ng a standard L

le%t 21f?lﬁg¥‘§%1§a§rf@ﬂ Hirf%e?@ufoﬂdaé tikd, 400-fqld pr morfaa@‘fﬁ gheh
ggpnogl obulin variable domain to inhibit TNF-a-
i nduced expression of ELAM | on HUVEC, which neasures
TNF- -i nduced cellular activation. As used herein, a
" meafssursat hereas thevtietys ‘dlonfaxﬂlimtﬂ ’b‘l‘homfotﬂmbﬁ’c glaﬁn@tattrargaﬁ and
«w lnclu ot limted.t r exa
bRy R ot S e o s dogie v gy four, five, cte)
mdrlloﬁ@?éjofdﬁél%}gﬁﬂélelnﬂhﬁlﬁq 3] glbbﬁlﬁ{ Vé}&blécfdnlxalﬁ bbfgb@;glde(‘s@hﬁence '

activation, pronotion o survi val gene
respe@pvelsi ex@npleot hempdimer noulféncinde twam:ep@s obthm samedis

asure such. activities f n tar
sedyifbe, of “TRbSmBLTPA ARl mvpifog B SdiR b Haliabaretide is o
sinkle Vi f)ﬁV@ BEfichee Ratsdpegiically Ao pehl The MRdhbMABHsEN a
donmi n pol ypepti de as descri bed herein nmeans that the

howeﬁwﬁéphq%nawn&we@ewemn hpmosanlimepeas hedbiked either by
exﬂerg%ﬁ%{ %rh %lé)ﬁ f)glyyeé%c}egg Qxﬁtht ﬁ;%ﬁlﬁf ﬁm{ér%%ﬂﬁ e]ﬁgﬁ%)nr%?rsn or, by

In varia

chdnhiasllybjoirdsg moneinlerssafiet amlﬁﬂm&ﬁiﬁpﬁtﬁma&cbﬂh&m{B@ﬂy or through a
ar signal.ing b the receptor,. enhances .

|
hlﬂ%qr} Sr(a(ﬁ%@ ng‘ﬁ,aﬂr%a{dmé@g% orfefintHt o mgliiyalentlinkapgypichs In one
emb&hﬁfeﬁf" ltﬁGZIﬂBﬁ&HCIQlel L H@mf)&l O el | 18RS R ﬁﬁ‘nertcgﬁb% linked

vari abl’e domai n pol ypept i's an agoni &t .
by e audesrraPBGhpolymes wherein nmiﬂuomhhﬁ osi(t]na diirtey, tnfner Jtetramer, or

tjge cat, le brelative to the absence
s LR R nioty ST e PO Bt 1 ve 10t he
increase caused by a natural Ilgand of the target
ant Ag@Bed RReinPhet@hRhMtertSdimer,” “heterotrimer” and “hetero-multimer”

refer to molecules comprising two, three, or more (e.g., four, five, etc.) single
immunoglobulin variable domains wherein at least one single immunoglobulin variable
domain binds a different antigen than the other(s). For example, a heterodimer could
comprise a single immunoglobulin Vy domain polypeptide that binds a given antigen,
fused to another immunoglobulin V domain (e.g., another Vg domain) that binds a
different antigen. The individual binding domains (monomers) can be linked together
through expression as a fusion protein, either directly or through a peptide linker, or they

can be chemically linked as described above for homomultimers. Likewise, the
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| east 2-fold, 3-fold, 5-fold, 10-fold, 20-fold,

50-fold, 100-fold or nore above such activity. As used
whensiosss7t he terns "honodi ner, " "honotrinmer", PCT/GB2004/004253

"honotetraner”, and "hononultinmer” refer to nol ecul es

conprising two, three or nore (e.g., four, five, etc.)

mononers of a given single innunoglobulin vari abl e

R BRSNS L RREP b fo o e

tﬂ/e &[éﬁﬁcalﬁnkg%gorrer of a single

i mmunogl obul i n vari ab domai n pol ypeptide is a single
or sequence that specifically binds antigen. The

nonoheisedihgredn, Kamistn e elym% mﬂqculﬁs refersdmaicheminabmoiety formed
b}Jf}gSI %%Il%l("g Pﬁémﬁ:?ﬂ:dj?gn J)i* t% rﬁ tzl ,p% %li l%)é}% %?] IR‘Jg)Ee %‘?’efgrably 5,

10b20,vide 70,remn 0O bSm oY, oftaym@hyz fno@@Iel 2, 1000 Bk AGreEoaTREs
after translatlon elther to each other directly or

COPYRIg g Hiks- I$fh¥bértefﬁylsdlis§4ﬂﬂ@ffﬁlaeth§éfHH’s“Pobﬁn?NnMP%R%g@eﬁléicaﬂy
exfiu ngés 'po n@e{pﬁd%e RtV & Wnikh B % rr@feﬁ‘%a o 1lnr}h9 B as polymers —

nononers in a
thiseh palypeptiderfusadl tb ianethecaoiyieptitie n;kmxﬂ a wly@emdetﬂ,lsairtma%@m

ner, wherej ach nononer of the dine i mer,
TR et sty Ml Ao PROCRTARSSE CoBONTRE ANy of 't he
rrultl-armPEG As used herein, the terns

" hetgypdi !’f@lrem thert@fn@ FRALLiRe rrefef‘mg thd ¥ € EeA W thE8&um
refer to rmecu es CO”prlSlng two, three or nore

com@ngratwﬁ oflg ligandye.g., etsingle lsmrngmcelcvhuﬂmrvegabib dbmain) to reduce by -

d wh
so¥id A tab S RIFS A BBt 713 HEERLAH e pmee or
secﬁﬁ&ﬂré}% df Higdighe WilaariIShechaRmEX TAP llSand% o eleshOLitidR are

coul d conprise a Single i nmunogl obulin V donain

stabdiswepwmj@d theitr hilifhidie lnare@saﬂeby kinding émmofagyled vwlmch resist

b v d
o R e FERGAR P8I B! Rl o ANOLREH O peealy
ocdtirAfll POtSIRRIIRE tRIRRONEB have £ g haIALM kesivs. 091@4 Raf-life of a

through expression as a fu5|on protein, either
ligatid igandreased iftitsrfongiional qeéipity dersisisniaerivo, dor 4 loegergariodehan a

spspem ca I.nk d as.des bove f.or .
st VHsh S SSRGS B 55 B G molesulen Thus,  ligand
spREtloP MY A AitRd ta?g’l% NSRS cbﬂnﬁlﬁ%@ wifh Qe %n@ﬁ@a&ﬁwe@an the
as_a single polypeptide or by chem cal I|inkage.
specificity for HSA is not present - it does not bind HSA but binds another molecule. For
example, it may bind a second epitope on the target molecule. Typically, the half life is
increased by 10%, 20%, 30%, 40%, 50% or more. Increases in the range of 2x, 3x, 4x,

5x%, 10x, 20x, 30x; 40x, 50x or more of the half life are possible. Alternatively, or in

‘ addition, increases in the range of up to 30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x, 150x of

the half life are possible.

As used herein, the term “extended release” or the equivalent terms “controlled
release” or “slow release” refer to drug formulations that release active drug, such as a
polypeptide drug, over a period of time following administration to an individual.

Extended release of polypeptide drugs, which can occur over a range of times, e.g.,
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As used herein, the term"polynmer nolecule" refers to

a chemcal noiety fornmed by the coval ent chem ca
wWa@e0s03372t wo or nore (i.e., 3 or nore, 4 or nRCEGB2004/004253

preferably 5, 10, 20, 50, 70, 90, 100 or nore, often

many nore, e.g., 1000 or nore) identical conbining

units. As the termis used herein, the term "pol yner

ke s S R e Topanne oy B oris famblstionyis in
codfiaft @ WaRdAd forbiliond iPRhi¢R @bt 41Ty 8R0krlide @Jb%%@ﬁﬁit is available

pol ypeptide is not a polypeptide fused to a polymer.
forramediptmabgrabijoreer inpnedialt distrilinsion afectbaploodstseam. Preferred

- [ -0l ecul es. used rein,. the term .
xR R SRR R R e B b i
5  adoosiseaiohahhtd s@ftaiged, f@aREmbR, Br.8 dusd 61Ghére, 12 hours or more, 24
i mmunogl obul i n vari abl e domai n) to reduce by 50% in
hoyys\ps Mgy 3 GliQaipPiemeife 4 Bows gr B19ss, iC8AoBIs or eot, Falirgrs or more
q ' t I
s3SI Uy LU BB s oo
forsdxatmpld, § edorith ovimope.and their half-Ilife increased by

bi nding to nol ecul es which resi st degradati on and/or
| ecul es

cl egrance .or .sequestratjon.. Typicglly, such. no
ar e a‘fslﬁﬁanelr?}fl’o@]&}ﬁﬂr?sﬁg gHPSt%e lg@dwhtﬁ {ha P@é%atrbav@ to all
10 membedN8f Rablertoiee AbeMbi@ligddieishRhbrally it Bbuf {Hrgﬁhdth'esdntigen

_increased if its functional activity persists, In
bingingesitefodan antibwdyesr vorahlo domain Norslinting exaingdasc\ghiatr ligands
- hS cific . for. the half-life increasing nolecule.
”“%ﬁﬁgga%ﬁ£$§%%8“§%8§rfic for HSA and a target nolecule

is conpared with the sane |igand wherein the

speaisfuset therdiny tHdSphrase Mativersa seaheworkt rdRES td1@t sili18 dmtibody

HSA but bi nds anot her nol ecul e. For exanple, it may
frapeygrigsequerscosisERdingGl the egiensqdtanastibedy eonserved i sequence
5 ¥Bh&ALLY eethdl fr1bdf ey %y, . 2009 -
! s 30% 4%& K%% Yo %tr erm(rl 29.1” S#??agaéﬁg&?%ﬁtg %@}{g ;tgg%leo %(n germline
imiBupogohulixsepdfodre @0strucBEX ad AefindsiOxp Chothie amf Ledke (hed7) J. Mol.
dife are ssible. Aterngtively, or in. addition,
BiqlidEeOEa P e putgerTom e F et o AGHRE e fremeints, or @ set of
such @em ks, YWhich B Boen kathe Bfpethf thddrivalibg oRVftually any binding
possi bl e. 'As used herein, the term "extended rel ease”
speorficitighamghivarihizent inttbe hypetrcaniableabgiens aleh@ase” or "sl ow
rel ease” refer to drug formul ations that rel ease
active drug, such as a pol ypeptide drag, over a period
of tinme followng admnistration to an individual.
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Ext ended rel ease of pol ypeptide drugs, which can occur

over a range of tines, e.g., 23m nutes, hours, days,
WOR®ES333r2 | onger, dependi ng upon the drug for nRCEHGBRIVA/004253

is in contrast to standard formulations in which

substantially the entire dosage unit is available for

i mredi ate absorbtion or imediate distribution via the

bl oodstream Preferred extended release formulations

result in a | BREEFAEICRIRTION QF &HIGFIGHRES singl e

adm nistration that is sustained, for exanple, for 8

hourg.0L 1"Mb&s tl%zs ke o€ oPthe'Pihfmy ?’g dRR Be®lo Electte lgcgary 1.

hours or nore, rs or nore, hours or e,
Thesaquenoe isrthe WH%rﬂrmurk basedmnrgrmﬁﬁe fequerse PP 470+ Hi41.'o rPositions

eve’g%{é?arn ﬂ!(c)axa leQ}TL gﬂrs)lri @Q&%ﬁ"‘ﬁ ESKOtrﬁ o7 Eﬁ’?%ieg’tddes) has

beeﬂﬁﬁ@lﬁabfatéd e Hbrafyefl SfeSndiatad {d AN EnddiBtedted TIEORANLS are
menbers of a repertoire. A generic ligand is generally
indieateboimatlertmioggh the antigen binding site of an
anti body or variable domain. Non-limting exanples of

ge”g*fié;ﬁ? bisﬁ&ﬂ?ﬁgi s@ﬁﬁe‘ﬁgg P2l fva?ﬂ/epsﬁﬁéde Ekeherfat%shbrary 2.

use rase - univer

TheGequeata3ltiee Hgtﬂahmds;oﬂ& based wargersbepseqaence R4S b, Mpsitions
to the regions of an, anti baody (%onserv d |n equenc

wheet NNEdrapfonRiatien @Y =4or T(or ar Gaggiealdesy Keo rOééprBWEOHQeS) has
beélpmtc&?oﬁlt%@ﬂt rglh/ f‘@re i 1ok | gﬂderr rt%)?t' J lgl}s 1-3 are

structure as d by Ia an
in&kﬁndﬁ?uﬂdeﬂﬁﬁﬁngO 917. The i nvention prOV|des for t he

use of a single framework, or a set of such

fra ch has be

deri \5%{?? gﬁh‘b‘F’s equ%‘éﬁnf’?O ﬁé’? ﬁgexpﬁfg[{{] itQ ggrgfiri}e liprrg R The

setRhéeAik HIRNV] RrafBRoNYRREY 8 | 1ﬁlerse@1ega§mwn@1<1 2PBRi&ts where
SCRI PTI ON OF THE FI GURE (lgure 1 shows the sequence

NN randemdzatiop (M=di arék o1 €ioe & nuslagéides; & & 0 o angleotidppjchas been
t he,f
n S S o R P RSB T BRIUETE

indlcadd Ky @idefiditie! eot i des K= Gor T nucleotides) has
been |ncorporated into Ilbrary 1 are indicated in bold

nderlined t HCDRs 3
ﬂnd }gu:r(ﬁeﬁ]éov(\?s nucleotide anc% am m%raﬁzl snegllugn%te% art1)t¥ MSA dAbs MSA 16

and MSA 26.
Figures 5 and 6 show SPR analysis of MSA 16 and 26. Purified dAbs MSA16

and MSA26 were analysed by inhibition BIAcore™ surface plasmon resonance analysis
to determine Ky. Briefly, the dAbs were tested to determine the concentration of dAb
required to achieve 200RUs of response on a BIAcore CM5™ chip coated with a high
density of MSA. Once the required concentrations of dAb had been determined, MSA
antigen at a range of concentrations around the expected K4 was premixed with the dAb
and incubated overnight. Binding of dAb to the MSA coated BIAcore™ chip in each of

the premixes was then measured at a high flow-rate of 30 pl/minute.

Figure 7 shows serum levels of MSA16 following injection. Serum half life of

the dAb MSA16 was determined in.-mouse. MSA16 was dosed as single i.v. injections at
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Figure 2 shows the sequence of the dummy V diversified
to generate library 2. The sequence is the V franmework
whawed3sm gern i ne sequence DP47 - JH4b. Posi t PONEB2004/004253
where NNK random zation (N=A or T or Cor G
nucl eotides; K = G or T nucleotides) has been
incorporated into library 2 are indicated in bold
underlined text. HCDRs 1-3 are_ indicated by
appredelr kg dntorGIyLimaces Maklsling with as?e‘"ﬁﬂ!i]@i??é@l@@}/ mgdairaRoyrd MSA16
[ i £ Q el
b b AR St @ XU o 1B SESA RS o
coﬁﬁdciarhﬁ)lgn?gm@ie& LI fe eompearedz aith GIEI(4\FaAh aﬁfigiEn epg ®@hde ly8ozyme
nucl egtjdes; K= Gaqgr T nu ot | as been
aAMcuRgok b Aorel Dohsens § L2 RO catea i 1 bol d
underlined text. LCDRs 1-3 are indicated by
undes; i, 8ig8owEhGUESidh 0 AMENAMGH 8QfubA&s B FingI8 ifPmABETbbulin
sequence of anti MSA dAbs MSA 16 and MSA 26. Figures 5
vadate GoshadvpBERpéided FEL4S (WhdNBA cpB lysedy6), TRR§-6118dbinds TNF-

dAb Al 6 an wer e anal ysed by inhibition
“)B‘Fﬂcﬁ%‘&gzélﬁﬂpfi%\e n resonance analysis to
determine Briefly, the dAbs were tested to determ ne

t he IORE ONLHRL iR Ye@flts AR TNETRECERSr 458ay2EdMh iR 200RUS ddthers 1-
response on a Bl Acore CMb(tn) chip coated w tha high

6.density of MSA. Once the required concentrations of
dAb had been determ ned, MSA antigen at a range of

con rati r TREPS \g/%%, . §t kg

t he%eghgﬁﬁ%%g@gﬁsgggr ni gh?%’p%%i B n%ﬁﬁ@jggg A}ﬁ%l ?ﬁlemer %
TAVBA5 qoatiedr BhaAd AR5 6 hidnomeeachof the preni xes was

then nmeasured at a high flowrate of 30 m/m nute.

Fi gure 7 shows serum | eve of MSAl 6 foll ow . .
i nj gagureAl skeysereufts i 5 DN foepor axgy w%kf%% 9 homodimers in
dRGLA LRSS dAb- SIADMBALE: WS 30058 Qr 287 1R1KRE IFRb ifor¥nat and

infections at 25approx 1.5nmg/ kg into CD m Ce.
cydvbide hingg limkthfoam2t. conpar t nent nodel showed MSAl 6 had
atl/2 aof 0.98hr, atl/2 b of 36.5hr and an AUC of

913hy.. ny/ MSAL16 had | o bl vl :
oL B o A R AR RORlo AAR bt

dedcyBOE WBxAARE swhi ch had a t1/2 a of O O anda tl/2b
of 0. 34hr.

Figure 13 shows a graph of the results of solubility studies of the anti-TNF-a dAb
TARI1-5-19 under different buffer conditions. “Obs” is the observed concentration
achieved at the various volumes shown, and “exp” is the expected concentration based on

the amount of starting material.

Figure 14 shows a graph of the results of solubility studies of the anti-TNFR1
dAb TAR2h-10-27 under different buffer conditions: Tar2a = TAR2h-10-27-cys reduced
in Tris/Glycine plus 10% glycerol, pH4; Tar2b = TAR2h-10-27 wt in Tris/Glycine plus
10% glycerol, pH7; Tar2c = TAR2h-10-27Cys PEG 2 x 10K in 50mM Tris Acetate, pH4;
Tar2d = TAR2h-10-27 wt in Tris/Glycine plus 10% glycerol, pHS; Tar2e = TAR2h-10-
27Cys in S0mM Tris Acetate, blocked i.e. non-PEGylated, and Tar2f = TAR2h-10-27Cys

reduced in PBS, pH 7.2. “Obs” is the observed concentration achieved at the various
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Fi gure 8 shows nucl eotide and am no acid sequences of

si ngl e i nmunogl obul i n vari abl e domai n pol ypepti des
woiElod/0§357nds hen egg | ysozyne), TAR -5- 9 (bi PCiEGBMB4/004253

), and TAR2 (binds p55 TNFR). Figure 9 shows the

results of a TNF receptor assay conparing TAR -5

dinmers 1- 6. Figure shows the results of a TNF

eceptor as [oF0) r|n TARI TARI -5- 9 .
voliRE g e RS it RapceRi il hased g iy araouint O starting
m4t§$al! ‘[ﬁffblfen@es%ée%%@ér%d ARP&YPeOEd TAREs 1n§10at% in part, whether

honodi ners in different formats: dAb-linker-dAb f or mat

losgibep ogyrredidugto pracipitatiarr., Fab format and cysteine
hi nge |inker for mat Figure 12 shows the sequences of

single. i scr
2 ik TTUASOL Yol BuX LK APL S HAMB 03 CEREELGE e TAR2R- 10-
272ativINTFR dAST Widlis @6ted fthdt besﬁﬁﬁ l1€)3T NEabadﬁhnB’e‘iﬁig-c%nﬂz&tlon) is an
under different buffer conditions. "Cbs" is the
ar%@?‘?ﬁé@%oncentrati on achi eved at the various vol umes
shovvn and "exp" is the expected concentration based

N tgang @mw@tfhe%%hue&ld@énarahﬁho afag § fﬁﬂﬂl\éﬁ“ﬁﬁm 10

raph of the resulfts of solubility stud

an@ AARATNFERIntd@D4TE2Ms.10- 27 under dlfferent buf f er
condi tions: Tar2a = TAR2h-10-27-cys reduced in

Tris/ dyci 9 ; =

Thron 15 PRI %"%‘8@%@?%’ Sﬁﬁfﬂ‘}é@ﬁ‘%%% . pHT:
Tar2c = TAR2h-10-27Cys PEG 2 x 10K in 50M Tri s

Aceflat eqventién relaes21d p@l%é&xﬂbsb@n@ﬁsﬂig siﬂ@le%hﬁﬁﬁg%ﬂuﬂﬁ variable

9 7
dom:'sqlrjlg O%g’)é/l%tgl’lflé% %rg plg@lgg)énqmsetﬁr e TA]:@RZ hhniqolggé f@qﬁas quéqul ¢ific target
mol Rid ot %ﬂeﬂsTﬁgﬂHgﬁt@oﬂ fsdEeBre o?n 8 feéarﬁp&ls of such
served concentration achi eve e variDu
pol&ﬁ&mid@sre&n:gtwmnurmgbbbﬁhn Vu dosnmmueﬁm pemthdispecies (ViH) are

ko B poaress e BO B BB BT Do b el Hes D Etiye to V
doﬁﬂﬁ%b‘ t@in%?g%{li%f@sptefng% PEbW vt S8l dnBBSdiBaRvRHMidd® erapeutic
potential because they are themselves antigenic when administered to non-camelid
individuals, e.g., humans. The invention provides human single immunoglobulin
variable domains that possess high binding affinity and high solubility. These V domains

are both Vi and Vi, domains.

The invention also relates to Vi, single immunoglobulin variable domains that
possess high binding afﬁhity and high solubility, and to V domain polypeptides modified
to have high solubility, e.g., by alteration of Vy residues at positions 44, 45, 47 and 103

per the Kabat numbering convention.

Preparation of Human Single Immunoglobulin Variable Domains:

Human single immunoglobulin variable domains are prepared in a number of
ways. For each of these approaches, well-known methods of preparing (e.g., amplifying,

mutating, etc.) and manipulating nucleic acid sequences are applicable.
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Fi gure shows the pol ynucl eoti de and am no acid

sequences for the TAR2h-10- 27 anti-TNFRI dAb. It is
woeasd3shat position 103 (Kabat nunberi ng convRet/Gapjo4/004253

is an arginine residue. Figure 16 shows the

pol ynucl eoti de and ami no aci d sequences for the

TAR4 10 and TAR4-116 anti-CD40L dAbs. DETAI LED

pol y|oe|o%{1| %\A 95 %‘»E?‘ @Il\%{ f’rr?éﬂ @Q’rﬁﬂf nt@l&%ﬁlqrfﬁlhxa?éw chor light

chzlnn@nﬁ Sord clBbidd aibb8y mﬁoxﬁIUfihblﬂ@ R dé&réd@iﬁ gBRVEhOb&Ihdaries of
c? affinity for semﬂctarget nol ecul es or
Viaﬁ’? g’éﬁgmafrﬁ@rq Wewthy abt sbaly €O9t.eyprad Rheyinformation rggarding

th?maglééb g d ns om g‘%;rretfd% dé'hg cﬁam ggne(s\}s }lﬁed to design

PGR pnmm/ﬂlatt ampid‘y?sl%‘s‘ doirgin ﬁtf)lﬁllamlénedbieﬁ]@!y dilghglﬁl PR4ih tyding

andtob h| hl bIereIatlvetonorralns of
seqlies SR @@V {pehind g ghven .aaﬂ%ﬁmt i s@mpdified Wedomain

is 1ﬂs€i‘técﬁ1§tot i‘ﬁﬁﬁﬁ%thesﬁ@ﬁ SBdibak DEEAG (HBEYerBbEm et tal.. 1991,

t hensel ves ant | adm-ri'st er ed t o° non- cane
Nucted¢ x‘}qui& Reos, 1% 4@33 4ﬂ13mmné exfileeseilneithat alone pr ovd ﬂl@ﬁm with

N T .
afﬂﬂi@slﬁn&{ng edTRHe TR sidddanbigbh) m\{s@lﬁﬁioﬁjﬁﬂﬁ' thé renTzﬁ‘ﬁdeF 3Y gﬁtﬂegﬂys or

also relates to si n?I e i nmunogl obulin vari ab
11gph§{a1rbg§§@§1dh| Her &l aspeety oﬁ’fhﬁ: |pm¢sp1yt Imvehtiohgiereening for binding is

PN d dified
i s mtupline &1 of SRR GRPRILYTS o v °

resi dues at positions 44, 45, 47 and 103 per the Kabat
n u nwelrepﬁgoma)aiﬁi‘ém bf Up dodnimp & idenad by, fokiemumpt, phikge display,

S R0 1R e i o MACHRAR M e EOTef hastesiophige
dlsfilét?‘th%h}qrgéfs Vﬁﬂ@ﬂ%ﬁ%ﬁ?ﬁg&@&{%&%ﬁiﬂﬁ%ﬁ@ %?ef weg Eﬁé\?rn in the art, and

taugimt i emgmp@c by:) Mafid ey iepall, 409N ature| 3B 1:55&2(; imng et al., 1991,

[ n . .
R N W N T NN -
ot ) ha9911 @meﬁ@mﬁm l108%d BRfohRedy, 1199@\@%& N el US.A.
desired antj ge The boundari es of

88:10134; Hoogenboom et al., 1991, Nucleic Acids Res. 19: 4133; Chang et al.,1991, J.
Immunol. 147: 3610; Breitling et al., 1991, Gene 104: 147; Marks et al., 1991, J. Mol.
Biol. 222: 581; Barbas et al., 1992, Proc. Natl. Acad. Sci. U.S.A. 89: 4457; Hawkins and
Winter (1992) J. Immunol., 22: 867; Marks et al. (1992) J. Biol. Chem., 267: 16007; and
Lerner et al. (1992) Science, 258: 1313. scFv phage libraries are taught, for example, by
Huston et al., 1988, Proc. Natl. Acad. Sci U.S.A. 85: 5879-5883; Chaudhary et al., 1990,
Proc. Natl. Acad. Sci U.S.A. 87: 1066-1070; McCafferty et al., 1990, supra; Clackson et

al., 1991, supra; Marks et al., 1991, supra; Chiswell et al., 1992, Trends Biotech. 10: 80;

and Marks et al., 1992, supra. Various embodiments of scFv libraries displayed on
bacteriophage coat proteins have been described. Refinements of phage display
approaches are also known, for example as described in W096/06213 and W(092/01047
(Medical Research Council et al.) and WO97/08320 (Morphosys, supra).
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V and domains are set out by Kabat et al. (1991,
supra). The information regarding the boundaries of

wo b@s3amd VL donmai ns of heavy and |ight chai nPQEGB2004904253
used to design PCR prinmers that anplify the V domain
froma cloned heavy or light chain coding sequence
encodi ng an anti body known to bind a given anti gen.

The £ 0 ui.t abl e
expr Baep B f PSRV abg g R A EplsBle i BB b Rosrtoir of
imb@ibglobutih ed:cﬁleﬂ@dsdﬁs aB@Meﬂ&repéﬁcﬁfe %ﬁit)lraan'docﬁﬁﬁﬁg&s oire is

either alone or_as a fusion w th another pol ypepti
ongpaeRsFde for e ampley frerisiaipoglobylinggprgsing eellshgrvested from one or

5 i fRalk 0 Suﬂ} &?ex"‘t’&; slah Yo PHAOL A hgrepﬁl‘gg,dft%ﬁ Ex4tlile, from

antigen I n isolation romthe r énal € heavy
huaranl feighor ewdionn pﬁﬂn}dn@bbtdm-e)df)m‘ssmg lcelds pertagranded he, prepared

resent i ve tjon, reeni r bindin rfo
s TR B g 20 P & ool Decelraaratons dho depaisgh JoRexample,
by RS tePédr Q99f JVNI& rBQ@ BbN§s 1' a?nds\%l%ﬁél?& a@% 19§63 ‘f[\Iatu:rgI Biotech.

exanpl e, 'phage di spl'ay, panning agai nst the désire
14ap@9. geflesiel; blodss itleutifiddefr@n asiphudiremmtont, drany eepaplagir that

ri es nd | a a reSS|on
g Hafbbind 8 -par Rt o ron eREOHR S TBT e Reripnd origer
scR¥@ANP iordeyio pYB@fefaﬁﬂtsMe@ﬂvaﬁlants “E&Q&prm%ﬁlﬁﬁ&iar%&lstlcs
Kang et al., 1991, Proc. Natl. Acad. Sci. U S A, :

4363; Clackson et al., 1991, Nature 352: 624, Lovvman
et alynthefiogepertpirespfsiale Fymyposlauinvariphle depains ag prepared by

8
T B 8onPliversf By o Sfnel sPudhaill St sppertojjos sre
deschidbad, fot exampld, By THoakenbonm BoWintkd 19938 18fol.Beiel. 2RV nif 1eBarbas
l ., 91, 104 91, . |
ot P93 S35t Wgh dcd S §A MD: B GogSipres et 1o TV 13
69%nfﬁths3et%1 i3éb4 ﬁf@_ N@gﬁﬂéﬁpﬁ% Eélﬁm\ﬁ’éﬂ;aﬁfld%?g%)[omaml 248: 97;
anQWO99£SZ@GZ¥9 and Lérner et al. (1992) Sci énce 258:

1313. scFv phage libraries are taught, for exanple, by

55748 afedtiagiAR BPyal] 5 cobPigual ‘Bpand¥ b Beipuf separae

. regh6is: Wh&avA: chif Vﬂiﬁﬁ@ -dbe (W Gal fagighy cllin ddriablel@3ain (v, :

supra; O ackson et al., 1991, supra; Marks et al.

whi®Odn teegither; Vi gl Theantiden bmkﬁlwsﬁequendsalBammedh is formed
10: 80; and Marks et al., 1992, ra. Various

by SPeRRIYRREHAB 1a9DS: 3B fxoprrbmr\he@oraalg 3 1y a2 aegh13) and three from the

VL%%ﬁ {_rglp? (i%ﬁt Tﬂé gag)e/é“@f‘ltﬁes%?c%bs%?é&éshﬁﬁéjd, for example, in

phage
Kabat et al. (1991, supra) A dlverse primary repertoire of V genes that encode the Vy

and Vi, domains is produced in vivo by the combinatorial rearrangement of gene
segments. The Vy gene is produced by the recombination of three gene segments, Vg, D
and Jf1. In humans, there are approximately 51 functional Vi segments (Cook and
Tomlinson (1995) Immunol Today 16: 237), 25 functional D segments (Corbett et al.
(1997) J. Mol. Biol. 268: 69) and 6 functional JiJ segments (Ravetch et al. (1981) Cell
27: 583), depending on the haplotype. The Vy segment encodes the region of the
polypeptide chain which forms the first and second antigen binding loops of the Vy
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approaches are al so known, for exanple as described in
W6/ 06213 and W02/ 01047 (Medi cal Research Council et
w@bkaeop/0zssc2 WOO7/ 08320 ( Mor phosys, supra). 28ThePCT/GB2004/004253
repertoire of or dommins can be a naturally-occurring
repertoire of immunogl obulin sequences or a synthetic
repertoire. A naturaIIy occurring repertoire IS one

OBFESSh HB1 oFRTBE O SRR, PO PG 0 e

bin iR, %ﬁ%'d' eVaHa&%n¢§$., i.e., prepared, for

exa m* hunan or newborn
i mrunogl obul i n-expressing cells, or rearranged, i.e.
pr epeey| gemeris pfodncahdsntpe eecombination Qﬁamlwao #lehg segments, Vi,

o ot Tt G W B TR
B

oG QoPRE | Fioet P Wit U AP0 Db inf i Sgpps

(WifiRfs LR, €19 625 MB?tm&ia%@fzzoiﬁQJva al. I'(?%t I Bme Res. 7:

antigen are then subj ected to mutagenesi's and further
256}; Sefandtivgpal he mgdfentst(ﬁquucm ak €128201 J SRiok cthewn 25 Anit5d 6 wartdv
i nproved binding_characterlstlcs Synt hetic
2

fupasignatJoj segments (¥asiegheandhadaiodPO®ul. Erxp\ed abi2e6@Rndapsading on
oA b U o By i o
théiﬁl%ﬁaﬁda&%né %’uf%ﬁ@fﬁ?ﬁr% lo mﬁg rﬁgwarﬁtdm WR2the V.

arbas e Pr oc.
amma]; Isegrmrml corsrmme tq fogmAhe thond antiggn bmdmgrlmreof the Vi dogmin (13).
EMBO J. 2;: Giffiths et. al, 94, EMBO J13: .
Anfibadies selfcted OB i PII25y ECPCOITg Bfe, beBPid (555 éufJanslz figrerse to

bintRIRB5Z0 4 eﬂ%t@ B 188 T Jole A S¥GinOMich a®inif) antibodies are

Conventional ant I conprises two separaté€ regions:
pr@iuhahwzmby haffiaity atatwatdm‘rmf the(r‘daIyalmad gands; ghwhich aoint

ble d b th
o 8 BRER TGPt e Y GRR h BB rhgﬁawganw
buﬁlll _pol ypeptide | oops: three fromthe V dorral n (H,

H3) and three fromthe V domain (LI, 2 and L3)
The boundari es of these | oops are descrlb

ex ad%g]abrsm of theysigictues and sequangas ofsqgr,’g g§1es scﬁhggrpgéat five of the
six! 0%1"2 Mmdﬁt%qgérgsju(%ﬁ d 91{2#\(\1/,%5% ?_%S)/b{)]% Ss ﬂgd %&lﬁbe\{ o fhin-chain

Ins 1s-pr eco I natori al
cofifeanitiiig erenionddal geueurse(Iieiis and hesky@ag7)iJs Mnmehm: d@6: 901;

Ch%%/hig Igt al. (?8?5;0 IlIar]u?rtel 39{2] (8);7)t ITquleer%a%? %msc?on r?nta%lonsv are determmed by
(i) the length of the antigen binding loop, and (ii) particular residues, or types of residue,
at certain key position in the antigen binding loop and the antibody framework. Analysis
of the loop lengths and key residues has enabled us to the predict the main-chain
conformations of H1, H2, L1, L2 and L3 encoded by the majority of human antibody
sequences (Chothia et al. (1992) J. Mol. Biol. 227: 799; Tomlinson et al. (1995) EMBO J.
14: 4628; Williams et al. (1996) J. Mol. Biol. 264: 220). Although the H3 region is much
‘more diverse in terms of sequence, length and structure (due to the use of D segments), it

also forms a limited number of main-chain conformations for short loop lengths which

depend on the length and the presence of particular residues, or types of residue, at key
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and J humans, there are approximately functional V

segnments (Cook and Tom inson (1995) | munol Today 16:
WQ@30p/0338%2 f uncti onal D segnments (Corbett et al PCT/GB200}/004253

J. Mol. Biol. 268: 69) and 6 functional segnents

(Ravetch et al. (1981) Cell 27: 583), depending on the

hapl otype. The segnent encodes t he regi on of the

ypeptide chain whjch forns the first and s
poamon@éhthe Honp; 979 theogpdody fftaﬁ)@wvﬂsz@\éeﬁlaueﬁal( Q|99§ha Mﬂz?lol 263:

ts conbine to formthe
SO‘OthSr IEE?T g?ﬁgg?%%?’i‘ge& gggo t he I\/ domain (H3). The

i's produced by the reconbination of only two gene
s egri®hils acemdinlgrto boeremboditdert ef the svapipomg ¥ivieesitylcpn #6 added to

o RS AL gRLn e ahe GOy e A HoRulEeE i Bobs, o

ap 1‘%&1& +e3Hifes @ila ?flaatex(ﬂrggﬁiloﬂ of MdomdBhsothat @Bt p?(%ﬁrly fold and

awasaki et Genonme Res. 7: 250)

thereifoee ¢antabuty t@@l;m@n p@ppﬂilcm afrmelecudés Wl(ﬂlQ@z))othtlaBiOddlmd antigen.

n c
ALl 3988 )os SRS Syt B SR B B e
antigé-biaging1yds pefhits the gaeaiificgivrosiapedifie rdskRigeotd diverkifigin a
pol ypepti de chain which forns the first and second

SYI&h@ﬁng@a eIEﬁlfﬁo?ﬂq\éﬂ PloBp SORAIng & hefdprli YPrEity is 2R natmdu%m rgsidues
B PR R K] 1R SR, A O o

divfersjﬂmd:timm)f ﬂxroprm yhe @m&emtmnabamxrmchwomwtot chvd::relfy all the

et UL PRHBPAY GE LR D) b QORGP Ayt St okt BT

sortb SeRh UGS, WO VLD, &fif kRbWY tHiRp&YiRds 0 an@ 53t diverse in
rearranged genes, in whi¢h point nutations are

na@mibrmemngmutlbedlmrbyb&emm tormale cglytguewﬂoﬂnetan‘egen The

reffae Sttt oo R e e RSBl T RiShe Ths

rep‘iés?én@ Nt @R Achik REHOYerh RN terik of tH2, fubdtionkPdivérsity ROEHES B

limted nunber of mai n-chain conformations or
cre@wrﬁor@ne%\of@membmﬂmspmﬁwﬁwe and Lesk (1987) J. Mol.
Biol. 196: 901; Chothia et al. (1989) Nature 342:

877 - |

(1 b pld Bl R Rafle AR RR RS B Y v
badk@fsunes| RAked @ShHBERIly Alvetd B g@mling B8k sequences. For
example, the Vy domain repertoire is based on cloned germline Vy gené segments V3-
23/DP47 (Tomlinson et al., 1992, J. Mol. Biol. 227: 7768) and JH4b (see Figures 1 and

2). The V, domain repertoire is based, for example, on germline V. gene segments
02/012/DPK9 (Cox et al., 1994, Eur. J. Immunol. 24: 827) and J,1 (see Figure 3).
Diversity is introduced into these or other gene segments by, for example, PCR
mutagenesis. Diversity can be randomly introduced, for example, by error prone PCR
(Hawkins, et al., 1992, J. Mol. Biol. 226: 889) or chemical mutagenesis. As discussed
above, however it is preferred that the introduction of diversity is targeted to particular
residues. It is further preferred that the desired residues are targeted by introduction of
the codon NNK using mutagenic primers (using the IUPAC nomenclature, where N = G,

A, T or C, and K = G or T), which encodes all amino acids and the TAG stop codon.
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at certain key position in the antigen binding | oop
and the antibody franmework. Analysis of the |oop

wo enwghsss7and key resi dues has enabl ed us to t hECPGBRI08#004253
the main-chain conformations of H, H2, LI, L2 and L3
encoded by the majority of human anti body sequences
(Chothia et al. (1992) J. M. Biol. 227: 799;

oA Sy K75 B b b

(wWhedi 194418 tHEUGBANENOR ot ieeldafidnal 6 Rl TERAMEIMERA), DVT codon
Ien%th and structure (due to the use of D segnents),

(MG/3) 6/G/6) T RV Cicailere tl Afai e/ GAE) (et DN epdon

SRR The BPE badeBRo iR ap i selite e SERTHGS0R,
asfipHpgisie, Qflydies iallthéhe, adpaltele, BERRAFIctand l@?sti:ilﬂe,t\bl@ich Rt @bskly

the antibody framework (Martin et al. (1996) J. Ml.
migjigg the distribugion;of gpiirmacié tesigdues for Yomntigembindae sifes o Borural

il e : ;
o S SEH08 PRGOSl Ol e st
degamedté codoarabdeansyat shdhesiieno b diveisiedo fPATh anvaehesissis well

anti.gen-bi nding | oops, this_approach results in a .
kngppaf B % B SrotPrSKeRRtigBhEr REMeR desiganedt C R mapiagengsis useful
in R HetBOML SARL Bl t?oncae@hfsb&%&baegén ggvgééﬁ&m@éaf‘tpc@@ of
nol ecul es wth the potential to bind antigen. An
Muiagkmesis.Zndi ng of the residues contributing to the main
chain conformati on of the antigen-binding | oops

G v b 0F bhSer SVBLHY HERbR e PR denck B3 higaR apfgine Vi
gerld\ormesits VI-ZBDA4TY Tomliasst etiahf r9AUE edoll. Bid1€31 7 ge68)tandH4b
are not essential to maintaining the main chain
usiggs teoN Mt S0dn ahaitos K30 bl 331815, 136, Ho %183 Foa Hs, HS6,
f ' |, | .
53 55y g KO, SARMERL 006 0, PR MERRELRS, Losggun

Figu@DR2) as defined by Kabat et al. (1991, supra), some
seven resi dues. However, for it is known that

L2,
positio 50 and.53 .are diverse in naturally ocgurring
bt PhURARE PSR AT s Alra AR it e SRy R
ge&ﬂ%ﬂegtﬁﬂ eenbREgRERE §LENDRAP Eﬁ’cﬂml?ﬁ‘“g%ﬂp&a%ﬁlé, Qsidl YR SNKYcodon

only ose two residues in this IS represents

at sites FigAi FIB bAWA3, FEFds B5HR, HaRar HA R vs, H36e HISB 1099014, HOS,
Hof; HERR 0B R H B0 B fhe o Ry T (L DR 3. s shown

in Mighteah| € domai n repertoires are prepared in V or VK

In another aspect, diversity is introduced into the sequence of human germline V.
gene segments 02/012/DPK9 and J,1, for example, using the NNK codon at sites 1.30,
131, 132,134,150, 53,191, 1.92,1.93, .94 and 1.96, corresponding to diversity in
CDRs 1, 2 and 3, as shown in Figure 3.

Diversified repertoires are cloned into phage display vectors as known in the art
and as described, for example, in WO 99/20749. In general, the nucleic acid molecules
and vector constructs required for the performance of the present invention are available

in the art and are constructed and manipulated as set forth in standard laboratory manuals,
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backgrounds, based on artificially diversified
germine V or VK sequences. For exanple, the V donain
WO eenssrz e i s based on cl oned germine -V genePGEGBRIWH04253
V3- 23/ DP47 (Tominson et al., 1992, J. M. Biol.
227: 7768) and JH4b (see Figures 1 and 2). The V
domain repertoire is based, for exanple, on germine V

ene.segne / et gl., 1994, FEur : ;
BRSSP SRl ShP R e A S5 S g sovin

HirBbs, @xced into these or other gene segnents by, for
exanpl e, PCR mut agene5| s. Diversity can be randomy

i ntroduced, for exan? by error prone PCR (Hawkins,
et alhe mqrgg@latlon abnuclas a)qlds indBe pIR8YY iwrentoreisi typically carried out

SC above,
in FRGREFRER Foae” RoSRBRER AR AT Ehspiey flgment thati used
to irtf @Rt €Hetbd] @Rt DNA afto telBi fHRS explesdidn hntl/é@plication thereof.
preferred that the desired residues are targeted by

Mpihedsiiwhiorio stlcatiss cowE a0 MRSEEICAYY-HSe aefdinvestors are well
lm[?_{;vhqggﬁe &f‘%& 1}191 fhg%rtl L&?@Q fdé%{i:fg %bh%l’? %("g’}ﬁlﬁ}]% 1n§'%ud§h§

baciadalt fiasnfiAG t&tt@poplmge,ramﬁdlél dimmmcﬂxﬂtmaandlbpmhm&b\l‘dcwe Such
sim | ar. ends re al sqQ af us i ncl udi ng the NNN codon
VeplaFs Ry Peusrd bSIfrwée %?%&&&1 Biytagenestie AKTBReSA 25 Iy pigal of

ve@tQQQH%thc% @ﬁoﬁ@@ R/e@%eﬁ&ﬁa@ E‘nefrﬁb%lrgﬁt}xe (fVefHila dre karried, 2
DVC codon ((Ad and DVY codon
gelig gY@ sTiohAleCioC) ednptpyedT V@W’r afodo nceendiog ¢sthe 286emtion e

sty et TR RNC e o ol aeRbel S, baigapy from

0. 2‘5‘1&10‘5§set(|1g B) @ ALY BUbrIm AfsurB1o ﬁo@“cbﬂ if ©sistRsd kath thé @ector
ant i i nding sites of natural human anti bodies.

afteei e«ztr@ PlosBiggnanipylgiéonss iBagh patornoninitssvaniays fgotional
o B PRI SRRl SRR BT B b

rephiosoteind 4t disi Giey elochibk thakedddne If £lgivbigNeddtds BBk pression

mut agenesi s_useful in the nmethads of the invention are
VeRpls &@é@ﬁwn@& BOYSPSSOt o1t aF dRqre o they follepyingpephancer element,
prcMIGt ﬁ' étlon {691’1‘1%? ﬁ%ﬂ(@ ﬁ%nal%b éést Xac'h 0%@1%{19(9 chtﬁg VlClnlty
I'nto’the sequence o unan I ne YV gerie segnent
of MB8-cRBVimpFxite, Gﬁahrthatrth@narebpa’atlveljt 88Rcd td. thebvg)etne eBmmdmg 227
776 and H4b usj n NNK .caodon .at sites H30, H31,
Polypep d;%r%ve Tqrpber P%’E‘S‘ng%@e”i%%“ P,

Both cloning and expression vectors generally contain nucleic acid sequences that
enable the vector to replicate in one or more selected host cells. Typically in cloning |
vectors, this sequence is one that enables the vector to replicate independently of the host
chromosomal DNA and includes origins of replication or autonomously replicating
sequences. Such sequences are well known for a variety of bacteria, yeast and viruses.
The origin of replication from the plasmid pBR322 is suitable for most Gram-negative
bacteria, the 2 micron plasmid origin is suitable for yeast, and various viral origins (e.g.
SV 40, adenovirus) are useful for cloning vectors in mammalian cells. Generally, the
origin of replication is not needed for mammalian expression vectors unless these are

used in mammalian cells able to replicate high levels of DNA, such as COS cells.
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H58, H95, HO7 and H98, corresponding to diversity in

CDRs 1, and 3, as shown in Figure 1. In another
w@gensss7di versity is al so introduced into thePGEGB20V8H04253

of human germ ine V gene segnments V3-23/DP47 and JH4b,

for exanple, using the NNK codon at sites H30, H31,

H33, H35, H50, H52, H52a, H53, H55, H56, H58, HI5,

HO7, ,H98, HI99, H OO,. H O0a and H OCb,. correspondi ng to

di veééYWaeﬂuSémsc?%}m% OL REPressIoneciRh o P?thpgarsgle .9011 gpne also .
refRRUIN6 bs 83R8MIe nBAHER! Fhiskehd eddBlELHAMBREN h { i

S e s)eeh edddh %gia}%ﬁoi ] }Eo)sp%vwal

sequence of human germine V gene segnents
orgewth of trangformed hogp cel]s grewngn & lkelediiNig cobbdemedtimsi st cells not

L3 L31. 2 34 50 53,,L91, L92,. 3,.L94 and. .
e LR e op S SR rioyioih e bagl Fretafeae ot Svive i the
cuthesMedi BmE I TYpEcR] Sbledtion efids|dnBid BRIt @SnF FesftRREh

into i splay vectors as known in the art and as

h
an&b@élpg Hggﬁihﬁrdpxi@ﬁ,aﬁmIa@}Pi¢iHiW\m3<99Y02’1®mghotrqxa@méﬂaacycline,

| ej i d, nml| ecul t truct .
co BB SR PRl R B R B BOBRIL e e

groweh ravdhl able in the art and are constructed and
mani pul ated as set forth in standard | aboratory
manyal s, 32such as S?nbrook et al. (1989). Mol ecular
O orit598usK theatsBrertomPLVEFAE) 2ccding tas RigSenhiRtion jsmost

coﬂ-%iém?kﬁ%ﬁhécpﬁ B fclop ugl gi & zgs%heggatbie{hlaﬁ}gr %reesﬁﬁglﬁ?%e, the -

Inventiron 1s typically carri n reconbin
lactenisergsne tat cdels hesiginee 10 heGhabiotit @m@icsllihOis f dbs CTIR€ can be
el ement that_if used tﬁ i ntroduce heterolqgous DNA
objained e fis co/pplapRislse5h @s BPBAZ4 At BY Crrdpimid sehoss PUCTS or
pUcher eof . Methods by which to select or construct and,
subsequent |y, use such vectors are well known to one
of skill in the art. Nunerous vectors are publicly '
av aiixatsission Vet diswallybotadn a ptonpdtersthitds recognized by the host

orgf B e R Ao B b Byt SERART i sP e groter mey
be @iificible GORNSHLEVe. A RLAR bYEIy lidked SeleyPoGFlx@position wherein

vectors in which repertoire (or pre-repertoire) )
therpommengnts flescibed prgdn airelatienshipnerpitieg themgledanction in their
. i i IR . sy . .
mt%icﬁcég ?%@kr}gp t% %§1§]tgcflislra]@.lee§1 : o(ﬂ%?egﬂy e 18 C(?(Ilné'l §§quence is ligated
in such a way that expression of the coding sequence is achieved under conditions

compatible with the control sequences.

Promoters suitable for use with prokaryotic hosts include, for example, the -
lactamase and lactose promoter systems, alkaline phosphatase, the tryptophan (trp)
promoter system and hybrid promoters such as the tac promoter. Promoters for use in
bacterial systems will also generally contain a Shine-Dalgarno sequence operably linked

to the coding sequence.

In libraries or repertoires as described herein, the preferred vectors are expression
vectors that enable the expression of a nucleotide sequence corresponding to a
polypeptide library member. Thus, selection is performed by separate propagation and

expression of a single clone expressing the polypeptide library member or by use of any
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sel ected to accommpdate a pol ypepti de codi ng sequence
of a desired size, typically fromO0.25 kil obase (kb)

WO 200403352 i n | ength. A suitable host cell is PCT/GB2004/004253
transfornmed with the vector after in vitro cloning
mani pul ati ons. Each vector contains various functiona
conmponents, which generally include a cloning (or

sele@ﬁ’(l)ﬁ/ bispi 9@%% e | %Ideeg&n%b(rgé a%vgee%I)fgref?elj]r3 dascgq b% dgg Syst;ﬂg uses

| east o ect
baatmrlepdmge sissptay. VEGk Cp’hage br gaghiORatdry cRPSSRIaE ?ré?&?ecp\;ectors

nq}ﬂg the fol] owi ng: enhancer el enent, pronoter,
arg S@F‘i e W@Phhﬁ‘éq 3dh cah@ngiug@@epls@q@e lﬁfoedpuldasihanded

repﬂ%h&ﬂ)%@ d1doy ﬂlﬂge ghg Q%f tréhh?%ik r?ﬁ%cQ%gf?létslgxﬁ aﬁged

hat t'hey are ‘opgrat
DI‘éA}; oTl}EptepmpdlatmEpmi EJQJreSSmﬂmﬂs@éh %t‘dﬁ fivadl kw8 the art
expression vectors

EREReEP T B St S L P Sispo scfddfbeipret Beids e votor
coﬁt@ﬁs ‘A%Cltaé‘tranfag’e Ble&hér%fe@tabf% Mi%e eng% ?%nsfg geaﬁgwlg gﬁ’

Typicall'y 1 n cloning vect
Ph@gmud trant] adnaptoamterhpsireni of a éxpréﬁmm Radcte kg @mﬁm loc

terPinD o0 G o ABIOR SNEIS] s HespprrgesplpBds to the
peripl&dis epUERN GeRuRpR é![‘@rhhg MEO(\M} &{m th\éq{ucfeﬁ)ﬁcrl% v(frmgg Pﬁ;’l’?

bacteria, yeast and viruses. in o

hbﬁaﬂbmﬁmher)mmmuw WBRBQmorequxmdb adystéfofr detedfixsii), optionally, one or
plasmd origin is

ol PRRGFL S5, BEEAEoh e Rl 50 oo
suppfessREERRY Ioms}:ozﬂ&rﬁi wﬁﬁﬁié' adfif onfo'fgﬁicﬂ s‘facﬂr e@ﬁ thid-p- D-

mamral i an cells. Generally, icath
galgcospdst (IREGH eva hdpemﬂngalsudnaseyﬁs M153 Qe VeRedras sble i RpEcate as
used in ma an cells abl e to replicate

a Plh lf(;i W@Q/gﬁ) SXREPSSHa PY chia{%e qyertities| qfdhe polypeptide library member
onlﬁ%@v@mbaﬁﬁa%és Edtne 8f WhidR Chtalat B4Rl RS 88? oY ﬁl%tpgfyp%f)é(?e-pﬂl

contains a_selection gene also referre
fusign pp dheibiualaaer ker . Thi s gene encodes a protein
necessary for the survival or growth of transforrred

hostn E&lnlisie 9F 2 férpedave%%tr Esct%nﬁ é?lEi\til @ﬁrggrgﬂf a Icﬁ}m I@[o?gfgboom et

cells not transftforned W
al., §%91ediich mogtaermesww 1418Biein 87;06qudh0b isSAvaMADIE, d, g]désfﬁq ID NO: 7

B T i 5P RS oo
%%ﬂ?gs%%ﬁé;z&rﬁz SRt bl NS e T BBL G v
Whesy grewpph suppresspcsitainsuifii. eoli,e.moT Gavae gaﬂni I@I fuBloh"}beotem is
produced and packaged into phage, while growth in non-suppressor strains, e.g.,
HB2151, permits the secretion of soluble fusion protein into the bacterial periplasm and
into the culture medium. Because the expression of gene III prevents later infection with
helper phage, the bacteria harboring the phagemid vectors are propagated in the presence

of glucose before infection with VCSM13 helper phage for phage rescue.

Construction of vectors according to the invention employs conventional ligation
techniques. Isolated vectors or DNA fragments are cleaved, tailored, and re-ligated in the

form desired to generate the required vector. If desired, sequence analysis to confirm that
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growm h nmedi a. Because the replication of vectors
according to the present invention is nost

weowgesisent |y perforned in E. coli, an E. PCT/GB2004/004253
c//-selectable marker, for exanple, the b- |actanase
gene that confers resistance to the antibiotic
anpicillin, is of use. These can be obtai ned fromE.

' 1 ds, R32 UC pl asm d, such as
PSS e LB BB Do B S
mghaisotSaitablbatethlsfoca@Birdd@ gy pichoh Osdiors 1 HBMUBIF A Mo ‘

is operably |inked to the coding sequence of I nferest.
traggerp Salr&?%{‘ﬁlﬂé Nyt diopirslleiapt @erprieing snalyses ifurasseiking
3 L ' ; f £ 0, a 4 Ux sition
o e ARERAN S b Ao o BO8 SR LA RS blesdRongepne

seqyened intd sagiplhiseteotetipiorcits aampll fleatibieiid/orixprISEn dBiifed by
i nked" to a coding

A control seguence "operably_|I (
cofYerHiehl &R0, Yk s Spihetc Noribay! M isise Wsstess bloftings dot
bl g SDINAYRIEY i hReL |1ions.

ctg%pat i bﬁg Wi th hgel%zlﬁﬁgﬁlg sequagﬁg’ggl.lﬁg{r& g#{% % sls‘[Iy or
seqyigneeasaly stsoxf nugleicveicidorproter moletweh GBise slAUbA dethe htfwill

3 . h - lactamase and | actose pranoter
rea@@?@‘} rlr%fgetgpg'g Fsr?é“%ﬁ%‘gaﬁﬁ%éf g%’é‘f’d’t%rc‘?é’ IEFiWQphan (trp)
pronoter system and hybrid pronoters such as the tac
pr oROREVIutaPeeRRt ers for use in bacterial systens wll
al so generally contain a Shine-Dal garno sequence

ope,hfé\bl linked to the coding sequence. In libraries
or ?)%‘I)l/lflﬁli 1§ gemplempaiary fheHotien of a fargdengea@flepreseht in a pool of

nucY8E€ i - at.enable.the .
g LU I
encpding pelypeptidel repertine membaes.. Mbbuistiens gi@etsi @ piepared b?/ synthetic
metggisf or}rlrg% ?t% SE arate rolf@ ation_ and expression of a
Py PEOSE ChFraica gfrf‘é]&&i‘ﬂﬁ c.t Matagsnig phigenugeotidp peimpraaseigenerally
15 181100 Y bis6ti s iR | oS emy A3
_descri bed abov[e%ggég%ggye??ggz@& ecﬁgﬁﬁg‘%ssg]}ﬂéo)}lggyst em
oligggedediidles ef difforeattengdihsat afuseThus, phage or phageni d
vectors can be used. Preferred vectors are phagenid
Jeplication

vee [ e.ani.?. coli origin of
(f él:)}ﬁg%li}g%'\%ieg \rfg é‘ldﬁl%aélapiogg.{rfs 8’% n gﬁ(améqlgle agldﬁﬁ%ﬁ?@ces are
subsb@tgllly co?preﬁgalntam(at Oenst 4000t §IR UMby over a stretch of at least
Si - st rande
14 to 29 %ugleotlc{es, prei(cjarably at least about 75%, more preferably at least about 85% or

90% complementary). See Kanehisa, 1984, Nucleic Acids Res. 12 203, incorporated

herein by reference. As aresult, it is expected that a certain degree of mismatch at the

priming site is tolerated. Such mismatch may be small, such as a mono-, di- or tri-

-nucleotide. Alternatively, it may comprise nucleotide loops, which are defined herein as

regions in which mismatch encompasses an uninterrupted series of four or more

nucleotides.

Overall, five factors influence the efficiency and selectivity of hybridization of the
primer to a second nucleic acid molecule. These factors, which are (i) primer length, (ii)
the nucleotide sequence and/or composition, (iii) hybridization temperature, (iv) buffer

chemistry and (v) the potential for steric hindrance in the region to which the primer is

36



10

15

20

25

30

DNA). The mani pul ati on and expression of such vectors
is well known in the art (Hoogenboom and Wnter (1992)
waasa3ssik ssimet al. (1994) supra). Briefly, PEEGB2004/004253
vector contains a b-lactamase or other selectable
mar ker gene to confer selectivity on the phagem d, and
a lac pronoter upstream of a expression cassette that
. consists (Nto Ctermnal) of a pel B |eader sequence
regyiFRdcn hybridieesare Hep@iapt eansidgrasiony ylpt nererandomgiming sequences
J; smc space), a nultiple cloning site (for
argﬁééﬁ&neg' the nucl eotide version of the library nenber),
optionally, one or nore peptide tags (for detection),
opt i Thead 1sys, positeve@prraitien béGesit primeonidogih aaddothhike pfiaiemcy and
protein pill. Using various suppressor and
2CHGAS P e 2 BEfIg il gnegt toadietarausicenlop s ssmpsve 2

. . ' ca-nr iy : PTG
il SRR bt iR B8 48 TN B
witlep higtendagst seqperasnthdreby ttiningzieg prasiscwns hyboidinaon. Primer
| ar ge ntiti of .the polypeptide..lLbrary nenber
seqffndSs R Ebistt G Finitl or B EBRhEHRLRGRE et randp sl
hyB118iz6,08)\oheit fiferiel YREH!stEE sRke fibisdddstul, fahRt than bimolecular,
surface. An exanple of a preferred vector is the pHEN

hypfiéig@tmrt_jkiv@é%@re gwoeébfrfbwnd arsodytion; l_aygq samgiGme, i\es igportant
o B85 APkt i RO RG e P PR ol B e

targét seqiienst cighfdy,dirkk BadlSsudh @it id bermd ORtthet hofirokBebdiais Zrather

pronoter, which is inhibited in the presence of .
thay the Hee thah arei favrd whenitard (Tbpases Rawe i Girisligption temperature varies
. . st.rai : I, N , .
B B
e. gMiprirandgd w4l nightigeninslufal @ecgbridizatomsiixtareg whilblBRidates in salt

ermts the secretion_of sol ubl usi on protein into
coRiratBig BFT e Eg}diniﬁ- Jaes Reinirit PG Soei o Bhser probes
hyB8GiadaRrd DSicRNAY 883l RShefterdiRE, Wikibh Rie@UENidht hfli& more

infection wth hel per phage, the bacteria harboring
petnhiesi pheageintiahsy Stringest laybeidpratipm gartdétgonisrfot primens ¢égweaky inlude

P uREA e P o e Y B AR5

prafedBRERILATEH0AY SOCANY.EAYb9diddtion! teiapbrattirdsaahst B8 %s low as
| sol ated vectors or DNA fragnents are cl eaved,

0°€ 40 prspistithanRd ¢ egrpatorathan abaut B, fand fmaesifiealiintexcess of about
3748 nﬁ{){rgéeg ﬁ{agﬁeﬁ@ g!irﬁryr rﬁ%&%g%el%ﬁﬁér 'hy{){idﬁgt%nr tgl%fp erafFeRAF gpeciﬁc

ana con
hybridization. As several factors affect the stringency of hybridization, the combination

of parameters is more important than the absolute measure of any one alone.

Primers are designed with these considerations in mind. While estimates of the
relative merits of numerous sequences may be made mentally by one of skill in the art,
computer programs have been designed to assist in the evaluation of these several
parameters and the optimization of primer sequences. Examples of such programs are
“PrimerSelect” of the DNAStar™ software package (DNAStar, Inc.; Madison, WI) and'
OLIGO 4.0 (National Biosciences, Inc.). Once designed, suitable oligonucleotides are
prepared by a suitable method, e.g. the phosphoramidite method described by Beaucage
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35t he correct sequences are present in the constructed

vector is performed using standard nethods. Suitable
woreaohosss7f or constructi ng expressi on vectors, PCEOBRI0AQO4253

in vitro transcripts, introducing DNA into host cells,

and perform ng anal yses for assessing expression and

function are known to those skilled in the art. The

presence of a gene sequence in a sanple is detected

ang Carqughessyd P3 i letrehesom heit- 2 &35 @ icdricgeramethod aeropding to

[ t S C u r I r .
MESTENEC o B NS SR L1 O 5158 GRS i
byatfepdnot,edriby dtifer Shémidaybeihdig adih®either aRbMaRydislcdeothstd y

or sequence anal ysis of nucleic acigd or protein
oliggnycdentids synthesdest ok 1 @dnnde (eSIBPt - (gehmologyadi | y
envi sage how t hese nethods may be nodified, if

desipadis R8N l3ate Ne43E1 fob S10RONGR 1130y
to acggﬁstqgon of gglt%]af%g?a %&%&@é‘é prggéﬁlto In gﬁlgggll@of ng)

andatleadt @5 pmid ofivligauwickstids pamens; it evypreedaatgeons tf ussetlgrger

o p i e PRPLbo ABRUI EStoRgr e, s gpfThagence i
reERnRANYIEHa BvaB YAk oth8BloNRdRs ofiteR61, GHE@ Bineahts BEcome
enzymatic. Mitagenic oligonucleotide priners are

lingng methk yaterenydfication exsiésd estyipiral wagidn mixderslihgiudesompl of
D G, e 055 P 149, OO SO 95580 mimen, 0.
L BY B2 e BB OB U (G 27 B WP TO PN ol feB SRR r) and

deioalvpl areRt@ A YotaM@ilurde 6f 2BLE Maferdbillieaedrlaldtaddth2 PCR is
nucl eoti des, preferably at |east about 75% nore

pefpratasiusiiga progragsablatsunalgyoleor 90% conpl enentary) .
See Kanehi sa, 1984, Nucleic Acids Res. 12: 203,

o SPGB of LRI 8 BAERV i o e o
cyqled, i atijusséd i@ acsortimicentatiedirifysaty raqairahedts imgffdve Anmdadling

e 00 fled o LSS, S SHORL e,
o105 5] AIpIL0 0 STMLED 8 BETRS0 91t
obQveslpl whernfrineleid arid orodecinkes larrevimeltatpeusdy hinpli6ad yndimdtagenized,
miSSIIelfl,ltgf(l: }si r\écil&i}/ed?gt IQXS? Enl t%ie ﬁgtirgl?ndo gf styrrllt%esis. In attempting to amplify a
population of molecules using a mixed pool of mutagenic primers, the loss, under
stringent (high-temperature) annealing conditions, of potential mutant products that
would only result from low meltipg temperatures is weighed against the promiscuous
annealing of primers to sequences other than the target site. The ability to optimize the
stringency of primer annealing conditions is well within the knowledge of one of skill in
the art. An annealing temperature of between 30°C and 72°C is used. Initial
denaturation of the template molecules normally occurs at between 92°C and 99°C for 4
minutes, followed by 20-40 cycles consisting of denaturation (94-99°C for 15 seconds to

1 minute), annealing (temperature determined as discussed above; 1-2 minutes), and

extension (72°C for 1-5 minutes, depending on the length of the amplified product).
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primer to a second nucleic acid nol ecule. These

factors, which are (i) prinmer length, (ii) the
woe@bsesisizie sequence and/ or conposition, (iii)PCT/GB2004/004253

hybri di zati on tenperature, (iv) buffer chem stry and

(v) the potential for steric hindrance in the region

to which the primer is 36required to hybridize, are

Fing (RO RALs SRR HECTS bRl LoRoRid A9 BFRIdWEAY an indeinite

a)g@ﬁ&ﬁbgkpgﬂ4ﬂptmeen pri mer Iength and both the
efficiency and accuracy with which a priner wll

anneal to a_ target sequen_ce' Iolnr seq%lenc%s h

A &

and are fess flkely to be repeated within a glven

tar feRrtditd b Hirfel ' S i1 St UAriable d

hybg(l§lt1 g ﬁl%gsﬁ’?ﬂ“;rr% Eequee:}k%:esigvm@t h gl%rﬁ gh GC able domains
on thentiefde mfrphtagatsekeonimriis ggerfqnaﬂledrhj/rmm@tmg thearhegsraperteire with

sel ridize, as do.their intended,t et sites, ..
g 45 BT SR TP R PSP Beeh 2pd bropagation of the
bod?a)ikfihbgé 2 WSl bk atd B&quahey agaes@blay “fuﬁﬂl@r{ge’d Alfernatively, phage

sol utlon at the sane ti ne, it is m‘portant to deS|g
are grepsalented fow thcadxmirasgion of piopEdy folﬁ@dmemberovar@l@ by panning against

t o _bi nd u
o R PR T T S
meMBEs OBk }Q@WH&advraﬁﬂaE@le ﬁeh@(ﬁng he ﬁr&ﬁbrﬁ&ﬁbf @drefulnotidithl members,
when A and T bases pair. Hybrijdizatjon tenperature

thexghy iinssedsingdhs erqwovﬁwfmqws likehe i bingd adargptangigey Pigs
e I
B B D S
antiody Uberiewis deeralle ﬂmbsd ifor eahtple dmdﬁmnscmt dtah, 1996, Meth.
facilitate b| ndi ng. Under stringent hybridization
Enzysndi 3976831 Ponger probes hybridize nore efficiently
than do shorter ones, which are sufficient under nore
per@r@%lﬂfls%ﬁﬂhéﬂlfpﬁ&foﬁeﬁ'lﬁ Hurilfid bheadhin@bilized on a solid
conditions for priners typically include salt
suppamcienexaplorgasic thtws or mgh oaloo atchramatpgyephymatix, for example

S th 00 mv nd referab h
Senbgrm CRPRRIAD: SETCOHCE Shpiracl cag sk b ety bl tdifex
anti@end séet £ tHE HAtRE of ban (R/?a@(s araeatsen Bﬁtﬂl"bcﬁﬂi-’tﬂblgy Q: 1anﬁl de
nmost often) in excess of Longer fragnen

K fi s ynerApa,ao Srla00 B3 0hoRBePlie Ve involves

sl RS Rl D o Bl A hn SOREA S IAREOT oRhlpoh hftaviin

coafAragd.ers is nore |rrportant t han t he absol ute neasure
of any one al one.

In a preferred aspect, panning is performed by immobilizing antigen (generic or
specific) on tubes or wells in a plate, e.g., Nunc MAXISORP™ immunotube 8 well
strips. Wells are coated with 150 pl of antigen (100 pg/ml in PBS) and incubated
overnight. The wells are then washed 3 times with PBS and blocked with 400 pl PBS-
2% skim milk (2%MPBS) at 37°C for 2 hr. The wells are rinsed 3 times with PBS and
phage are added in 2%MPBS. The mixture is incubated at room temperature for 90
minutes and the liquid, containing unbound phage, is removed. Wells are rinsed 10 times

with PBS-0.1% tween 20, and then 10 times with PBS to remove detergent. Bound
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Primers are designed with these considerations in

mnd. Wiile estimates of the relative nerits of
wWOve0sRsz2 sequences may be made nental ly by oneCDEGB2004/004253

skill in the art, conputer prograns have been desi gned

to assist in the evaluation of these severa

paraneters and the optim zation of prinmer seqguences.

RG4S BAL. PLeicE el R AT 00 T Elothlenbgrmiing
wé’ﬁ dnBReAh SR A OOm{rNﬁtrb&ﬁ A R AR %1&1%3 phidiard tr ed to a

desi gned, suitable oligonucleotides are prepared y a
tubaicdnddahimg OO b df 1%L Tris-HKE, pihddpind vartextdtte newtrdiwd the

iy AR BFPOPER Gy v g ol Bor el 5 sTah) fretsefed with, for
exﬁ&lﬁﬁar @Ismﬂn BPth%Mt@&'gl‘}dgg%?qn&%ﬁHﬁé‘l%‘%%O miA 8L37°&, Iﬁfgcted cells are

I ncorporated herein
szmmeﬂewe,rrcelsmrdedyn Gestemedinenindgilatedirtop sgarsse gPIeuge blgues are

R OE Sk nD R RE B Rt BOR oty rReRt e e Rrardty futher
rowksds g séledtnaiChlMndrarokRIB S piaﬁ@e ?Lﬁiﬁcﬁtlblﬁ alfeqidrﬁbnned if
1-1000 ng) and at |east 25 pnol ollgonucleotlde

negspaTte ensufe Py PR At é@é@%l’h&geu@ & Sceeeag approaches are
aei b@abgﬁa&m%ahem%' AptaPo0l s heavily

2PSF Oyeheous, a8 each equence i s represented by only
a small fraction of the nol ecul es of the pool, and
ano lﬂ@llswh@dmﬁlﬂdanbm bfiphdgn ekfresdig ©¢inglepinirfuino glbb@llin variable

QoA TREDIBHA Desie T GaraicIPBBE TR Yor P Bich 5 PEERY1 1 en used,
the %agléf(fo(?ﬂalrl ﬁﬂsﬁ)ﬁrﬂ?bfénﬂreﬁﬁgﬂy ﬂ?ocﬁlc% upgoh;blg?o F}dﬁﬂi%cmg non-

.5 units) DNA pol yrer ase (
sujppiressel) steeyes qféauacmnz,etdg mHBé&S lt thatapetrmmtathe seskativn affsoRblergene 111

ol Bl B T E Pl g B LR b 80 ™0
appropige akpressied veetsio piRitc@bolablPpRtE atérdiag tovelethods known in
the nunber of cycles, is adjusted in accordance to the

thesart.j ngency requirenents in effect. Annealing
tenperature and timng are determ ned both by the

ef f !Pﬁhﬁ@a&?én"éﬂnﬁt@oggér i8n BE SHRle 1 & Vfiapli1SGhains:
enplate an egree o
t oI re
S A %O%QWA% ﬁﬁ%%ﬁ%@#%‘ﬁ%@
perttiglagthic @paceat ite alsd mbdhuhhff Hattedh aredianvbstefl any putifisd sccotding to
oa&/rtl ren hodg %Hg.r(l?lsgl‘?gtl a{lf ¥9§6, supra). Skerra & Pluckthun (1988, Science 240:

1038) and Breitling et al. (1991, Gene 104: 147) describe the harvest of antibody

polypeptides from the periplasm, and Better et al. (1988, Science 240: 1041)‘describes
harvest from the culture supernatant. Purification can also be achieved by binding to
generic ligands, such as protein A or Protein L. Alternatively, the variable domains can
be expressed with a peptide tag, e.g., the Myc, HA or 6X-His tags, which facilitates
purification by affinity chromatography.

Polypeptides are concentrated by several methods well known in the art,

including, for example, ultrafiltration, diafiltration and tangential flow filiration. The
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popul ation of nolecules using a m xed pool of
mut ageni c priners, the |oss, under stringent .
w@ biogl3tsenper at ure) anneal i ng condi ti ons, of pRPCEOBR@H/004253
mut ant products that would only result from| ow
melting tenperatures i s weighed against the
prom scuous annealing of priners to sequences ot her

prbb80 o N hRIASh Skl S P ABId bl e B S LG Separate

stringency o pri mer con

maelettamspebies ki thul ledigef sifze amias}mbe SKhe prekgurd ﬁ?)rgﬁﬁed W g%s
I S use

t f b 30 C and
e BB e ol e
I ™} ™
o OEER MIQES 58116, REANSERORS el 0 RolftcBATCnd Microcon
cotesnipioraitand ﬁ/ 1(/@41699@2(1{@:11016 Sequmy's emelesrmaluﬂe)he Vivaspin™

coREBERHP £ AR bLE EiliRhfee Fo! pder el B s eneet
potlppptid (raglamsv vhe 1808 ﬁholéﬁulﬁf‘@e%ﬁpeftﬁb el dY eﬁig%f,ﬁde %lthough

38Fi nal extension is generall m nut

diffgrencengf alittlsiap dQLD wy bsnlsqzdrmfxwﬁﬁ:«dle) (the mylbﬂm@ isteeymed

| obul.i n
i e SpSSANh s EMASL R b VoA Sy woi
cu@fff efpbottd kB mﬁse;ﬁﬂrfgxl ®@nkcemaneg bo biﬁhlefinMﬁﬁubgi%ﬁln@l %de'f@
of phage, selection is perfornmed by

th f
Ig‘glr’i‘tp&‘i Seg{:} %n‘g ?ﬂ%é‘ef%ert oire with i mobilized

target antigen, washing to renove unbound phage, and

Pr OPAdrairh@h, YWhidiEscd AHAGIPRRY Snerhtien é’é@ﬁlﬂ?a p&/?ﬁﬁ’?ﬁs process, is

frequently referred to as "panni ng. terna
usqlrvelegae strledmred $etopuivedr iamhangmtheml: esbiffsr inh pplyppstidey

prepfifit ThoR sk & gt g Be paRaresssolveat ansh wnadl slutes
thrdu)dg tth@fnehfbréﬁé' dndDRpNEhiR safl@'o@l %fo&eﬂp%rﬁoveﬁ%%ﬁﬁﬁn BP&I
v

ant age of reduci ng the proportion of non-functiona
retaipadaraleptife by nevebuffasion galt $edutpmoporateroas «hfsun@r&eomp anied

by Lélﬁﬁllué(d ﬁﬁraﬁhﬁgloﬁ LGN &1%%&5515 %63 e@ﬁ" t I °rhd"‘i‘1 at the same

augnt
ratsmatetanmgaaeées piaggh aiatnn@msiuné i & ﬁﬂiﬂl@@udnsvo@lﬁﬁﬁ[sghé Yolume of

descri bed, for exanp Harri son et al
polypapgide E?iES)%Pﬂszfe‘ihe %@1 Qﬁéaﬁkf@ﬂee nikgi conmave diafiltration,

zed
sreEf ek J5 308 LR Helthic, SN DR IG5 b §fhs R froug s
diafditratio holames egthahé ;le\mbtlffév( Aﬂ@natﬁbe@l;rﬂi@rocess can be performed in

a discontinuous manner, wherein the sample is repeatedly diluted and then filtered back

to its original volume to remove or exchange salt or buffer and ultimately concentrate the
polypeptide. Equipment for diafiltration and detailed methodologies for its use are
available, for example, from Pall Life Sciences (Ann Arbor, MI) and Sartorius

AG/Vivascience (Hannover, Germany).

Tangential flow filtration (TFF), also known as “cross-flow filtration,” also uses
ultrafiltration membrane. Fluid containing the target polypeptide is pumped tangentially
along the surface of the membrane. The pressure causes a portion of the fluid to pass

through the membrane while the target polypeptide is retained above the filter. In
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Sephar ose(tm (Pharmaci a). Screening or selection can

al so be perforned on conplex antigens, such as the
waobmssnf cells (Marks et al., 1993, Bi oTechrol/G89004/004253

11: 1145; de Kruif et al., 1995, Proc. Natl. Acad.

Sci. U S A 92: 3938). Another alternative involves

sel ection by binding biotinylated antigen in solution,

fol | owed C re. on strept i.ncoated .beads. In a
00}33 Ft@aﬂ% B@@ﬂfﬂ%&ﬁﬂ?ﬂ%ﬁ"@ %‘eﬁj %ﬁléaolsg)ﬂ%ﬁ?mﬁaﬁwwate on
thagi-kae efﬂﬁ@ﬂ&ﬁbﬁn@ 'buﬁﬂ%%hfﬂe@)al&& Hyttﬁsﬁangémmhb@ IfheRolution

plate, e.g., Nunc MAXI S t m 1 mmunot ube

th%itdpfv‘fp@Ot Do tlhgaushéhazﬂlmréqomuﬂngxb@tame@polapcptgi@h CE(Illmepeatedly

b d
cif el e o et L AR SR U el ol By
EqiBmen? YorSKiR A déﬁaﬂe@‘iﬁéﬂﬁﬁﬁol@gleﬁzr {ts hifard aﬂﬁlabl_ghﬁ)r\éﬁéﬂlﬁle

are rinsed 3 tines BS and phage are added

fromyjyppigoreriees. rhe Prafbuy Mlﬂﬁc Bisashion AT pysem padier® lligos™
sygt%ﬁggpal'ﬂ_ﬁg tS@%ng%‘%e% %fllé M‘?{HﬁldM ’lcaﬁg%ﬁftapﬂ&gv Fﬁﬂ?agl{ﬂ)ﬂ%ystem)

i'S renov s are rins
PBS- 0. 1% t ween 20, and then 10 times with PBS to
r enﬂv@em@eccgmmtion Bouerdudgim agembceofe*za;tséhht faye wdldjlqmvn in the

2 m.of. fr epared 1 tri a n
arte APt S e R ke el shtobaser a1 e
“Bﬂd@&qd Al EOSy 8P %&E&ﬁsérﬁlr81§9l—PEACG@ Th@ﬁo&%&@a{é' ﬂ?&h&@% total
of MTris-Hd, pH 7.4 and vortexed to neutralize

hY@Iﬁb’StSrpr@\ﬁ‘}d b&‘rﬂmelo @domféms byl H?L@r ewicergration ¢olhen Hetstmined
|
ool SR Sa  BEE e S SR St 9aomai

polﬁpeﬂtmbe oVieith el thehaed B tﬁ@ﬁia)std&\éﬂrater RS46RALeE ahdtifb @8 Asuming.

medi um and plated in top amose Phage pl aques are
Prcéqﬂmdéf&rrém%% Regepsirementod K¢ absothanse af289awn faster pad puich less

exﬂ%ﬁﬁ%‘ E Felit%lgﬁ&%ﬁé‘?‘é ahddb Bfegérrédf%s alrlz%[nly grﬂﬁg %%lglf ani;lng %Cld

r'e ro e puri
anadysts. p{&bsfodfameei atl Z80nex eas asad tb Qle&ﬁﬁufe@)radﬁl&:oﬁ@@mﬂaﬁbnmgorted in

sel ect ed._phage, Ot her screening approaches are
e%&@%#%@ﬁs%};’e Fi¥f%son et al., 996, supra. Follow ng

identification of phage expressing a single

I m@ﬁafo@@%&mwry’ap}o%elﬁ Q8RO Bﬂa@ﬁorcp'lgﬁ' AaSibERS. 72: 248-

target, if a phagemd vector suc as pH as been
2548 ewry ehal., \afli A¥iel @b hOF: %ﬁﬁSbcMWrﬂsm@e@aﬂcmy

concer?[ralflonc[io as a%garH %hrevefrr?ors?]oggn iaaseg gme ser%u%p ﬁf;ur?nsﬁo(lj?)SA)

These methods are less accurate, tending to undersetimate the concentration of single
immunoglobulin variable domains. Their accuracy could be improved, however, by

using a Vy or Vi single domain polypeptide as a standard.

An additional protein assay method is the bicinchoninic acid assay described in
U.S. Patent No. 4,839,295 (incorporated herein by reference) and marketed by Pierce
Biotechnology (Rockford, IL) as the “BCA Protein Assay” (e.g., Pierce Catalog No.
23227).

The SDS-PAGE method uses gel electrophoresis and Coomassie Blue staining in

comparison to known concentration standards, e.g., known amounts of a single
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strains of bacteria, e.g., HB2151 that permt the
secretion of soluble gene Ill fusion protein.
wWa\R@os0ssar: vel y, the V dommi n sequence can be sme/GBme/dmzss
into an appropriate expression vector to produce -
sol ubl e protein according to nethods known in the art.
Purification and Concentration of Single
. I mmunpgl gbul i, V ri abl e, Domajns.: Single
inFRRIR B BB URTPIG Sabi Qrismisin et be dens e 9 or by
dehBtdndtRe periplasmc space or into the medi um of
bacteri'a are harvested and purified according to known
met hods (Harrison et al., 1996, supra). Skerra &
PI udkngle rmposglob@ii Wtﬁblezmaﬂl M@enfbmﬂl& polypéniigleedescribed

el TSRO D e EHER BTG B B E a0 VD df aqucous
SO Eoﬂl(c% ﬁ( i’ggﬁstangf r&BGHI @eastlfpﬂ%)drrlp(?a Hz/gsl@ §Y£F§g3% éLM)

rom e Ccu supern nat ant n ca
20angiyet7 hngbuZ‘jdng/gnlt(eZ § e 30 thi/galitet 5 nsm,msasg/ml (~2.9 mM),

40Toa o> & 4 Ao GRGPE 455 NTh L Ry 1 T30 36 g o (6 M)
Gowzg/mlpésno nMX-dd lﬁg/hﬁqss 4\MM§ Wofrﬁg/kﬂl iLagasvpursihyeAY(LEOB mM),

ity Chromato hy. “'Pol ypepti des are
10g mgi@hh??a?e%ml\'é)/ 15@ ral “ﬁ@tSHDUg 208) mghomdwho. 7 mlyhe48mpg/ml

di iltratio Lbtration
PR e o SR FabToThe riyBbleE e oy it
relafivel@bmbll k2t bOtheltsfige BRTIndpesHIEaRhAaBTE Abhamgsol@tftides. A full

pressure to separate nol ecul ar species on the basis of

lengily onypratianshfserr cira aplilkasyue-g- 12C prabertbd 1*69 ipygige. In contrast,
s1n%¥etel}$l‘§x#1ﬁ%lg9c{bum{ vaR M1k HI) gk 'v%ich g‘?w %% ral té'l’lctlélje gc.o’mpnsmg 4

ration produc sare w

ﬁ'afrfeﬁmlMH Wi ngﬁcﬁls(aBé GfCIDRs, hivke a eixa Hﬁhﬁﬁ‘ohﬁﬁkeﬂl}d &2 kDeor less than
icon(tmand M crocon(tn) concentrators)  and

1/0G; %glé? ehe eorvigatien) ertibadyy SEAilarle gigt BunynaglQhydnvadable
doM'a‘ﬁ@%fé' %%}V\B| g e ?ﬁ%@ BPQ c@é E&ﬁé 98 1@ ﬁld approximately

Facul cuto an the t a
1/jot&1b yize pf & dFeb muedecald §¢6(M<B))I It 1apﬁef¢11'ﬁel thatl the snlzaof at\angllat

imﬁ{up% gllgblgg{ a@%ﬁ%&eﬁ gglgtalgggcsirgg ?ﬁh@%lggeﬁr 2 ne?r? ?s 1%0 13§or less,
mo‘RQiub{%)ﬁHIchﬁ‘@s o fc!reetxﬁihﬁl%da%@ 90 &0 oredds, SIED SFR!sh, €10 kD or less, 60

sol utes pass through the membrane. Thus, a nolecul ar
kaedgﬂsI SQ:le(@Hess;MOdﬂb at 1655, ROkDsonlessf 20 kPor less, down to and

inchiT ng a ?tli %B 81]f a g’ilng Hantun 0g 08191111(.) \%Jrialbpe dHhdif 1n Rolation.

The solubility of a polypeptide is primérily determined by the interactions of the
amino acid side chains with the surrounding solvent. Hydrophobic side chains tend to be
localized internally as a polypeptide folds, away from the solvent-interacting surfaces of
the polypeptide. Conversely, hydrophilic residues tend to be localized at the solvent-
interacting surfaces of a polypeptide. Generally, polypeptides having a primary sequence
that permits the molecule to fold to expose more hydrophilic residues to the aqueous
environment are more soluble than one that folds to expose fewer hydrophilic residues to
the surface. Thus, the arrangement and number of hydrophobic and hydrophilic residues

is an important determinant of solubility. Other parameters that determine polypeptide
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domai n pol ypepti des descri bed herein. D afH ration,

whi ch uses ultrafiltration nenbranes with a "washi ng"
wWEe@sme3s72 i s used where it is desired to renovECDGB2004/004253

exchange the salt or buffer in a polypeptide

preparati on. The pol ypeptide is concentrated by the

passage of solvent and snmall solutes through the

a r i alts buf f er e reno

sof RTRY Tegs Ry PP BrSeste i St ik GERPEE Pragiice, e
sotubilstgloff psRpetides cal bagbRItain@SordRRiced by ACNRIRMN ﬁ%l%érol (e.g.,

cont nued ultrafiltration. I n continuous
~187ayv) toa the seltiomew buffer is added at the same rate

that filtrate passes through the menbrane. A

di afA§ (.rhﬁtﬁltséé?irhb‘é% lé cifis altnhﬁ éé?cl % Qﬁr I{&Q/Q lbx&eﬁ%ﬁtqﬁed iz

sol ution prior estar ratron -

Conmlvedrmadsesdlfé)ﬁrﬂanl’\a; almmamsgiha’atay it mawlﬁﬂ)n%cﬁﬁf c&mehd species,
was hi

f.ul | abl e s enoved b
whith 5t SREGRTS Bt S1S Fhee b Jreona th These mefudgufor erample,
G4 §ENBE cafleVids)! D6u S PL2SH caRBLAS aRETHPATRELY R cAnelid P

di sconti nuous rmanner, wherein thé sa els repeat eds
Amginpgeiddesidier 103cof Vi Istadsosichpbiaatid irosalutslityy ivith maitatiad ﬁmm Tip to

%Qenr t\éecogfe{ ?“0%%3%& 1 %Ry Ebuf fer and ultimately

oncemtrate qui pment for
diafiltration and detail ed nethodol ogies for its use

ar e Ilapwfdbrﬁdall &ped‘ts)dif t0¥ afviehgon, ki@l iRahindeldbaliPe&hEIKIE Gomain
and Sartorius AG Vivasci ence

Pol(ypﬁﬁﬁf’@% é’fe ba@i %WPP%&@@M@ Y gehoseemient prthe HIPKOTEERline V,

sl R0 Whaftbler YRR e P oAt A Mg based
on sy peplndech s @HTERBALAAGE Righol bl QR S HEAE s,

of the menbrane. The pressure causes a portion of the

 thesq gerenlipg epRRsSEMerBIEhCanablenpareulady when diverséfiadat gelected

str@MAPEOI AL dbstribel ALRR oABRHELD S LlAd Shainb Bngle

41contrast to st an ration

immenmloiﬂmmhebheldemadnpcﬂppepadesmhmﬂ at h1g(hly $oheb1s Ul peeeciir, the
enti al

the ne ane, re ca d along y. the tan )
fouf P GeN TGS iR ATl R s B 57 GRWe to the high
solﬁl&ﬂﬁﬁftﬁ@fb@ﬁlﬁh@bﬁgeﬁlg‘e target pol ypeptide) can be

repeatedly circul ated across the nenbrane to achieve

the desired degree of concentration. Equi prent for TFF

an dltdeexgieried thet elsingld ioghem gdabulintverishde dameindhatiib highky,

o g SR T BTG Bl s
Thus, as one means of prediction or recognition that a given single immunoglobulin
variable domain would have the high solubility recited herein, one can compare the
sequence of a single immunoglobulin variable domain polypeptide to one or more single
immunoglobulin variable domain polypeptides having known solubility. Thus, when a
single immunoglobulin variable domain polypeptide is identified that has high binding
affinity but unknown solubility, comparison of its amino acid sequence with that of one
or more (preferably more) single immunoglobulin variable domain polypeptides known
to have high solubility (e.g., a dAb sequence disclosed herein) can permit prediction of its

solubility. While it is not an absolute predictor, where there is a high degree of similarity
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systens), Pall Life Sciences (e.g., the

Mnim(tm Tangential Flow Filtration system. Protein
w@oemwsesisrat i on i s nmeasured in a nunber of waysPCTGB2@RMO04253

wel | known in the art. These include, for exanple,

am no acid anal ysis, absorbance at 280 nm the

"Bradford” and "Lowy" nethods, and SDS- PAGE. The nost

O TR Bk oo P S R o Bty

whi8t &l RechiER 86O IPAMiIZRR Wil fbsf}&@td‘wﬁblﬁl@&é&ﬁﬂﬁ%c residues,
the SIU%LG I'mmunogl obul i n"vari abl e dormi n pol ypepti de.

orypediduestlirely tndelssposed at the sphvent intcrfaecatitas moye likely that a newly

e Lve and tine-copsum ng.,.Protei.n d rmi.nation.b
Shheten st iR A R S R
soh®iSseauarRsi ve, yet relatively accurate and is

preferred as a conprom se over am no acid anal ysis.

Absor bance at 280 nm was used to determ ne protein

cond¥flerder wadelingroftar Gan alsedommsahin rrsdigbihe splybiity of a

'. n f n n n 4 H e
ro B P 5 A ) SRS, For ol
thatubsti@bidn od addsiiad of LhehophbBa: refidbe 271hy salvemakposed Bpiface,
ncen dard curve_ npst often

otein c ation to.a stan L
relBE B OISOV 96 LSavR A uPBrPA 1 &A5ss bYHIBBBOME o St Iideohilic
redi@fSexP6§ddliatitat ph&NGH NxbOctt eIt Rt ME Selhiife sollubility of the

concentration of single inmnoglobulin variable

polpaptides . Siileily, the suhstityion onhddiben pHpmoveldrowhiky esidubyt such

i.ng.a V si ngl e.donai. n l.ypept.i de as ,a .
1840 i erbeflse oo RPems R B REE i e g infpe net
nuibét SF@RbpHi e @TydrshoBiY reSEs IRekd 41 the strfaBab £k ni¥decule (or
4,839, 295 (incorporated herein by reference) and )
therpsieradt lewireghabicerrdw dmpdilicaraige 66 (ho(srefase ewpgsed 1eyidaes) relative to

RTS8 R
car{predizs theaeBtivesdislityi ofq sinple onmpansgoulinos akiabletdomain
concentration standards, e.g., known anounts of a
POlyp#RfIds- 42i nunogl obul i n vari abl e domai n pol ypept i de.
Quantitation can be done by eye or by densitonetry.
Si nAliRrARHROSH iRRBhfuRcHGH WAl bRhdRERE bR Bhé 88T A Bmits of
pol ypepti de$S described
a single immunoglobulin variable domain polypeptide’s solubility by simply

concentrating the polypeptide.

Affinity Determination:

Isolated single immunoglobulin variable domain-containing polypeptides as
described herein have affinities (dissociation constant, K4, = Koff/Ko,,) of at least 300 nM
or less, and preferably at least 300 nM-50 pM, 200 nM — 50 pM, and more preferably at
least 100 nM — 50 pM, 75 nM — 50 pM, 50 nM — 50 pM, 25 nM — 50 pM, 10 nM — 50
pM, 5 aM — 50 pM, 1 nM — 50 pM, 950 pM — 50 pM, 900 pM — 50 pM, 850 pM — 50
pM, 800 pM — 50 pM, 750 pM — 50 pM, 700 pM — 50 pM, 650 pM — 50 pM, 600 pM —
50 pM, 550 pM — 50 pM, 500 pM — 50 pM, 450 pM — 50 pM, 400 pM — 50 pM, 350 pM
—50 pM, 300 pM — 50 pM, 250 pM — 50 pM, 200 pM — 50 pM, 150 pM — 50 pM, 100
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herein retain solubility at high concentration (e.g.,
at least 4.8 g ( 400 MM in aqueous solution (e.g.,
woB®r/03mmd preferably at least 5 ng/m ( 417 nmMT/GBR004/004253
mg/m ( 833 MV, 20 g/ ( 1.7 MM, 25 mg/m ( 2.1
rﬂw, 30 ng/n1 ( 2. 5IﬂW 35 ng/n1 ( 2 9|ﬂw 40 ng/m
45 nmg/ m 3.75 : :

%gﬁp}@ %WOBE%W %P#}@/W %@W %Sé‘,ﬁ%preven |

asqo\gagso ., 150 nmg/ m 12.5 , 200 mg/M ( 16.7
m , mg/ M ( 20 m\/p or hi gher) One structural
featurethat pronot es hltgh solublllty is the

rel éfhﬁxﬁélﬁlge%hﬁlldnngsqfﬁeﬂbp 3 Yraiablgdpmeaif Hﬁ]ﬂm@i&}d&?@n b
e AR AR AR Sact Wbl @0t Bigener

Pidcathwial, Nii.)silz ¢his hra:tmﬂnarrtrgsh is @ qup@ldeo thaﬁﬂﬁmgtmﬁuﬂ) atknown
vari ahl e do ich a have a. raI tru tur

copesAf lelilsn@nfga %@%@&%ﬂp CRUlGs vty Bipding

befldef tR vARBILIINTRA gbpyp &%ide0nd %e llnﬁﬁemfli@rhna é@rés{m in

si ze of a conventi antibody. Simlarly, “sing
indreasad pryiteib gbncentratiorabi thedbipanatsixand asppngexin et $PR sighal.

B RS 90 A Rt g R AR BB 1 repec
to BhRf@dpate Yhads bMesehbar@radl. Baklif@bigndl WMARGOHARYbIvENt alone
vari abl'e domai n-contai ning structure di sclosed herein

(e.85 PBOO pResingroviee 81 chim cThedich diffrenge beieesn bpselipp pignal and signal

aft é@glg%oqa%%laﬁlgs o1 a&%p%{l%?%’tld? 9n§ 3 10§ 66[%1‘8%?)1& tﬁg blﬁ@m%ovalue of

a ghRnGgamip&s STo EQernt®thel oFEdite KON ok @ata(Ido,,) ael dsdontrtion edté (Kq)
12 1cD, or a _single jmunoglobulin variable domaln in

consgitnBlasorefretie svalipion soltyrara (o Vasepr Lde i used.

primarily determined by the interactions of the am no

aci drish 9 Bspepliddl g&?th%%() welinRgits 913‘36%@1& a surface of the

Hydr ophobi c”si de chai n tend be | ocalized
anfigenemdahd §DRs o theoinyibegy odkentiboldyl§ragraewty Congriernérgarity is
sol ve |nteract csrf es f he ol.ypepti de.
aRFRHET bur ShEInd e R
pofont BEtHS @érg@t%lﬂﬂﬁ@(?m 'f&gaxﬁﬂhbfeaﬁﬁﬁ)o%‘nh@l iAo RRRICESS, van der
Ceneral |y, pol ypepti des havi ng a primary sequence t t hat

Wands aHiractionp.dydeigss boading of ether méerections thah@meoccur CDR3 tends to

i C_resi nyi r
coffPheRBs kT aERaRER Py TeRPHER DIET ES Y fuc o s
getprslyolatiet kige, st pRSided nidi€ of, rfu@ﬁg forTfavlé‘rabIE Rerface interactions.
arrangement and number of hydr ophobi ¢ and hydrophilic
(Sqeeg.gdgéglan et al., 1994, Mol. Immunol. 31: 169-217; Chothia & Lesk, 1987, J.
Mol. Biol. 196: 904-917; and Chothia et al., 1985, J. Mol. Biol. 186: 651-663.) High

affinity indicates single immunoglobulin variable domain/antigen pairings that have a

high degree of complementarity, which is directly related to the structures of the variable

domain and the target.

The structures conferring high affinity of a single immunoglobulin variable
domain polypeptide for a given antigen can be highlighted using molecular modeling -

software that permits the docking of an antigen with the polypeptide structure.
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Is an inportant determ nant of solubility. O her
paraneters that determ ne pol ypeptide 43solubility

w0 pb0ss750l vent pH, tenperature, and ionic stPEnNGBR004/004253
In a common practice, the solubility of polypeptides
can be maintai ned or enhanced by the addition of
gl ycerol (e.g., 10% W) to the solution. As discussed

GERNE: p BRI BsREL M nES Lo REE GRe e e hetim pieble
ddnfed oPRAiGvih BEFINNG cih BOHBdKRE wath LM utét HARTLES po%éﬁﬁﬂle or other

are rg_eneral l'y nmore soluble than human V domai ns.” These
targgtantigen of krowy siptere taaigtemaing thenteractanrsirifasy., Given this

' i Trp 47 ((Qy i.n _camelids). i No ..
sl o0 TR B s 6Py b s gt s oen e RRedit he
impabtupédititeyor neightiveruf ednis@frativeodnlddsrobSerdite lsehdditittbnk @ the

confer i In preferred aspects of

i ncreased V solubility. | '
vapiplledatratt $68H9n<>§iqagh%str%hﬁ)ghw@ﬁraw%ﬂxﬁ%v@ea@mngqthe
RaY BEREH &y DP47 gernline V gene
rasegmsnt or the %@%@%%&}Jﬁgﬁ% gene segnment. Exanpl es
of single immnoglobulin variable domain pol ypeptides
bas ddulbmeriedioemg of Singledngeure ghbgiie Masiableddonhawine hi gh
solubility are provided herein. Thus, these gerniine
gen nts_are,capabl e rticylarly whe ) .
di va? 8RY g e SRR oRlH b ypals dertpian dowabed peein i
md_.’l’&metiﬁbd, of fqp feﬂﬁﬁp]epﬂorﬁ&ﬁﬁi'efsl, Eoﬁbt@iﬁiﬁd@goﬁhigﬂér%rder homomultimers.
i mmunogl obul i n vari abl e domai n pol ypeptides that are
Muyltigsrigation qap|igcreasy thesitength of entigendinding thrpwughethe akidity effect,
i ' ) i, ver:Sifi .can
w8 RSB GLE L ROEEANL e Bl S S o e
muptijde bimilsng ditesi s expected that a single i nmunogl obulin

vari abl e donmain that is highly honol ogous to one
also tend to be

havi a own high solubility wl] .
i o Foh B ot oSy danel ShafbslopEsets BT epulin
i BEOGSHh Aih® Rusbd Abr SxaHipI€ NSl | '
Vavari abl e1 dorTSai n {/voul &) have ?ﬁ%sﬁét{gﬁg’gﬁﬁa%ﬁ%ﬁ%@ci ted
corfgusdtion ddelislar-dddngraar lighdrendtiple of thet afracgesienty| Bhe
' I | ;0. var.iabl.e [ ol ypeptide 1o one or
nop GRS P b PG PR TP Bt CE e oy Bertite sSuonce
thaplcipedtseris hAIavifner 00then cFeltetthbietyy e.glMUSxin\h @ g@ing moiety.
si.ngl e i nunogl obul in vari abl e domai n pol ypeptide is
Any biakernepide sqgiengean hp gppdjp.g@nﬁgte homomultimers, e.g., a linker

sequence as would be used in the art to generate an scFv. One commonly useful linker

comprises repeats of the peptide sequence (Gly,Ser),, wherein n= 1 to about 10. For
example, the linker can be (GlysSer)s, (GlysSer)s, (GlysSer); or another multiple of the
(GlysSer) sequence.

An alternative to the expression of multimers as monomers linked by peptide
sequences is linkage of the monomeric single immunoglobulin variable domains post-
translationally through, for example, disulfide bonding or other chemical linkage. For
example, a free cysteine is engineered, e.g., at the C-terminus of the monomeric
polypeptide, permits disulfide bonding between monomers. In this aspect or others

requiring a free cysteine, the cysteine is introduced by including a cysteine codon (TGT,
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affinity but unknown solubility, conparison of its

am no acid sequence with that of one or nore
w@ prosfzssabl y nore) single i munogl obul i n vari abCEGB2004/004253

domai n pol ypepti des known to have high solubility

(e.g., a dAb sequence discl osed herein) can perm:t

prediction of its solubility. Wiile it iﬁ got an f

ol ut redi ct ar, ere there is [ egree. o .

TERRMS PR g ideetun t lth et iiBe -Bdsuemes fogs g-torminal
cyS@iRDtHe Qb quthenathe BHiffel A4l hotnalRI¥E tREFdveRl ARl YerMIEh8. ACA or

there is a high degree of simlarity with respect to
Ghidbesphse it Wilhﬁq‘: mgorporaled gt tadoyngireareBCR pekndr) kel iynmaliately

d th I t. int ace, ..t is nore |ikel )
ooy Lo O5ePE! KPR SR e (e
pl&el Ubiwtdeh YheSdAB bdfuehid® dnldake Pée &RRIE) PWPrdatBiloY RO o Bers
sequence. Ml ecul ar nodel ing software can al so be used
hayige griesgi cysteingacsdransrulistiy agiixarpef ryp@pmruearsiefmﬁpfz éorms in
' t f ] wn_solubiljty.
BSLRALE o 01 itk A LURERLALR o8h, ORI
chiopthtagriysityl, e.gr, éani-dxshange ¢iemsiokiephy withzak @ehdsent EREIEN.

relative to a nol ecul e of known solubility that has a
ue exposed

| ess dr.ophobi c or ev hydrophi lic resi

| PSR, Rofperieci e BTt HBREda ot gareness e
thislinkakéd tb)a 1t ABnRAHREP ihES; swoh BE bﬁ*ixh&’i% feimide molecule

substitution or addition of a nore hydrophilic residue
(e.&t Tysl@tmaleinydegthyliemise sKMEA) od a bomialnma®sRE® helecule (available

rel-ative so I lidy. That is, a change in the net
ﬁoﬁh#gggmgpﬁhbgg%ﬁhﬁ%?@”%?éhydrophobic resi dues | ocat ed

at the surface of the nolecule (or the overal

hy dTaspepAhticsks hydrophilic nature of the

surface-exposed residues) relative to a single
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and'Afd ARG BRBRToCRBhAL B Mg tRYLY PERN Y CRasIHbeneficial offect on the
human individual in which the target is bound. A “beneficial effect” is demonstrated by
at least a 10% improvement in one or more clinical indicia of a disease or disorder, or,
alternatively, where a prophylactic use of the single immunoglobulin variable domain
polypeptide is desired, by an increase of at least 10% in the time before symptoms of the
targeted disease or disorder are observed, relative to an individual not treated with the
single immunoglobulin variable domain polypeptide preparation. Non-limiting examples
of antigens that are suitable targets for single immunoglobulin variable domain
polypeptides as described herein include cytokines, cytokine receptors, enzymes, enzyme
co-factors, or DNA binding proteins. Suitable cytokines and growth factors include but
are not limited to: ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor, ENA-
78, Botaxin, Eotaxin-2, Exodus-2, FGF-acidic, FGF-basic, fibroblast growth factor-10,
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. that can occur. CDR3 tends to
immunoglobulin variable domains as homodimers can increase the efficiency of target

binding. e.g., throught the avidity effect. Fusing single immunoglobulin variable
domains as heterodimers, wherein each monomer binds a different target antigen, can
produce a dual-specific ligand capable, for example, of bridging the respective target
antigens. Such dual specific ligands may be used to target cytokines and other molecules
which cooperate synergistically in therapeutic situations in the body of an organism.
Thus, there is provided a method for synergising the activity of two or more cytokines,
comprising administering a dual specific single immunoglobulin variable domain
heterodimer capable of binding to the two or more cytokines. In this aspect, the dual

specific ligand may be any dual specific ligand, including a ligand composed of
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contribute nore to antigen binding interactions than
CDRs 1 and 2, probably due to its generally |arger
W@ 2ws/0338M2 ch provi des nore opportunity for favPeHDBB2004/004253
surface interactions. (See, e.g., Padlan et al., 1994,
I\/bl | munol . 31: 169-217; Chothia & Lesk, 1987, .
Bi ol . 196: 904-917; and Chothia et al., 1985, J.

86: 65 f '
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mul tiple of thay arpg q“%ﬂérglz-mg induce PMN

infiliration into the mouse peritoneum.

e TIL-1 and TNF synergize to induce the
secretion of IL-1 by endothelial cells.
Important in inflammation.

e IL-1 or TNF alone induced some cellular
infiltration into rabbit knee synovium. IL-1
induced PMNs, TNF — monocytes.
Together they induced a more severe
infiltration due to increased PMNs.

¢ Circulating myocardial depressant
substance (present in sepsis) is low levels
of IL-1 and TNF acting synergistically.
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Neutrophil activation/ respiratory burst.

[ ]
Endothelial cell activation

Toxicities noted when patients treated with
TNF/IFN-y as anti-viral therapy (will find
out more).

Fractalkine expression by human
astrocytes.

Many papers on inflammatory responses —
i.e. LPS, also macrophage activation.

Anti-TNF and anti-IFN-y synergize to
protect mice from lethal endotoxemia.
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TNF/ TGF-b  TG--b and TNF when inj ected into the ankle
joint of nouse collagen induced arthritis nodel

W@ e@aiosiscant | y enhanced joint inflammation. | nPCT/GB2004/004253
non- col | agen chal | enged mice there was no effect.
TNF/1L-1 TNF and IL-1 synergize in the pathol ogy of
uveitis. TNF and IL-1 synergize in the pathol ogy of

nmal aria / \Ipnnl#r‘aom a NO-— NF—and—-—1 SYH erg| ze

SaCoTiT Ny

ILT“ﬁFNhYe [ nduct| on of poI ynor phonucl ear (PWN) cells
grationlin inflanmmation  11-1 and TNE synergize to

IL“i%SEFtﬁ:e PW i nfi | Mesitcelpraliferstiehe nouse peritoneum
IL-1 and TNF synerqgi ze to induce the secretion of

L-1
IL-6ffLendot hel i ab cells. Inportant in inflammatig L-1
0

I
n. |
or TNF al dne i nduced sonme cellular infiltratiagn int

IL-6aBRi{t knege synovium |IL-1 induced PWNs, TNF -
nonocyt es.| Toget her they induced a nore severd

IL-eafligfratijon gué to 1ncreased PVNs. QG rculatijng
nyocardial depressant substance (present in sgpsis) is

IL-EAVfevet g of Jt=t—anmd—TNFacting synergisticdl | y.
50TNF/1L-2 References relating to synergistigd

IL-6/IFN-y o

IL-10/1L-12 .

IL-10/IFN-y .

IL-12/TL-18 .

IL-12/IFN-y o IL-12 induces IFN-g expression by B and
T-cells as part of immune stimulation.

IL-18/IFN-y J

Anti-TNF/anti- o Synergistic therapeutic effect in DBA/1

CDh4 arthritic mice.

The amino acid and nucleotide sequences for the target antigens listed above and
others are known and available to those of skill in the art. Standard methods of
recombinant protein expression are used by one of skill in the art to express and purify
these and other antigens where necessary, e.g., to pan for single immunoglobulin variable

domains that bind the target antigen.

Functional Assays

Single immunoglobulin variable domains as described herein have neutralizing
activity (e.g., antagonizing activity) or agonizing activity towards their target antigens.

The activity (whether neutralizing or agonizing) of a single immunoglobulin variable
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Sanme for synovium- inplicated in RA. TNF and IL-4
synergi ze to induce |IL-6 expression in keratinocytes.
TNF/1L-6 TNF/I1L-8 TNF and IL-8 synergized with PMs
to activat | atel et s., |l npl.icated jin Acute. Respi.rat
gty aetSeefR e et RREI T TR Fo oG Ao lsobe anay i of the targor
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/ b dnduct i on. t Il, activatio .
R o D L s B R et ora singre
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as anti-viral therapy (will find out nore).

a aCtV\?l'lxel;é:,nfgr g)?a%p g,S’E c? trglrg% ar?tyg%%% g f’éc%&%%’,te?gs.’; a cytokine receptor,
activity is measured in terms of reduced or increased ligand binding to the receptor or in
terms of reduced or increased signaling activity by the receptor in the presence of the
single immunoglobulin variable domain polypeptide. Receptor signaling activity is
measured by monitoring, for example, receptor conformation, co-factor or partner
polypeptide binding, GDP for GTP exchange, a kinase, phosphatase or other enzymatic
activity possessed by the activated receptor, or by monitoring a downstream result of
such activity, such as expression of a gene (including a reporter gene) or other effect,

including, for example, cell death, ]jNA replication, cell adhesion, or secretion of one or

more molecules normally occurring as a result of receptor activation.

Where the target antigen is, for example, a cytokine or growth factor, activity is
monitored by assaying binding of the cytokine to its receptor or by monitoring the
activation of the receptor, e.g., by monitoring receptor signaliﬁg activity as discussed
above. An example of a functional assay that measures a downstream effect of a
cytokine is the 1929 cell killing assay for TNF-a activity, which is well known in the art
(see, for example, U.S. 6,090,382). The following 1.929 cytotoxicity assay is referred to
herein as the “standard” 1929 cytotoxicity assay. Anti-TNF single immunoglobulin
variable domains (“anti-TNF dAbs”) are tested for the ability to neutralize the cytotoxic
activity of TNF on mouse L1929 fibroblasts (Evans, T. (2000) Molecular Biotechnology
15, 243-248). Briefly, 1929 cells plated in microtiter plates are incubated overnight with
anti-TNF dAbs, 100pg/ml TNF and 1mg/ml actinomycin D (Sigma, Poole, UK). Cell
viability is measured by reading absorbance at 490 nm following an incubation with [3-
(4,5-dimethylthiazol-2-y1)-5-(3-carbboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (Promega, Madison, USA). Anti-TNF dAb activity leads to a decrease in

TNF cytotoxicity and therefore an increase in absorbance compared with the TNF only
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known in the art. As an example, anti-TNF dAbs can be tested for the ability to inhibit
the binding of TNF to recombinant TNF receptor 1 (p55). Briefly, Maxisorp plates are
incubated overnight with 30mg/ml anti-human Fc mouse monoclonal antibody (Zymed,
San Francisco, USA). The wells are washed with phosphate buffered saline (PBS)
containing 0.05% Tween-20 and then blocked with 1% BSA in PBS before being
incubated with 100ng/ml TNF receptor 1 Fc fusion protein (R&D Systems, Minneapolis,
USA). Anti-TNF dAb is mixed with TNF which is added to the washed wells at a final |
concentration of 10ng/ml. TNF binding is detected with 0.2mg/ml biotinylated anti-TNF
antibody (HyCult biotechnology, Uben, Netherlands) followed by 1 in 500 dilution of
horse radish peroxidase labelled streptavidin (Amersham Biosciences, UK) and
incubation with TMB substrate (KPL, Gaithersburg, MD). The reaction is stopped by the
addition of HC1 and the absorbance is read at 450nm. Anti-TNF dAb inhibitory activity

leads to a decrease in TNF binding and therefore to a decrease in absorbance compared

with the TNF only control.

As an alternative when evaluating the effect of a single immunoglobulin variable
domain polypeptide on the p55 TNF-a receptor, the following HeLa cell assay based on
the induction of IL-8 secretion by TNF in HeLa cells can be used (method is adapted
from that of Akeson, L. et al (1996) Journal of Biological Chemistry 271, 30517-30523,
describing the induction of IL-8 by IL-1 in HUVEC; here-we look at induction by human
TNF alpha and we use HeLa cells instead of the HUVEC cell line). Briefly, HeLa cells
plated in microtitre plates are incubated overnight with dAb and 300pg/ml TNF.
Following incubation, the supernatant is aspirated off the cells and the IL-8 concentration
is measured via a sandwich ELISA (R&D Systems). Anti-TNFR1 dAb activity leads to a

decrease in IL-8 secretion into the supernatant compared with the TNF only control.
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polypeptide

Increasing the in vivo half-life of single immunoglobulin variable domain

polypeptides:

Increased half-life is useful in in vivo applications of immunoglobulins, especially
antibodies and most especially antibody fragments of small size. Such fragments (Fvs,
Fabs, scFvs, dAbs) suffer from rapid clearance from the body; thus, while they are able to
reach most parts of the body rapidly, and are quick to produce and easier to handle, their

in vivo applications have been limited by their only brief persistence in vivo.

In one aspect, a single immunoglobulin variable domain polypeptide as described
herein is stabilized in vivo by fusion with a moiety that binds a protein or polypeptide
antigen or epitope that can act to increase the in vivo half-life of the ligand. The protein
or polypeptide antigen or epitope that can act to increase half-life is referred to herein as
an “effector group.” One way to achieve stabilization of a single immunoglobulin
variable domain polypeptide is to prepare a fusion of two or more single immunoglobulin
variable domain polypeptides wherein at least one of the variable doﬁain polypeptides
binds an effector group and at least one of the remaining single immunoglobulin variable
domain polypeptides in the fusion binds a therapeutically relevant target. Thus, the
molecule of this aspect is at least a dual-specific ligand, comprising at least one single
immunoglobulin variable domain specific for a therapeutically relevant target and at least
one single immunoglobulin variable domain specific for a protein or polypeptide that
increases the in vivo half-life of the ligand. The complex of such a dual-specific single
immunoglobulin variable domain-containing polypeptide with the polypeptide effector
group that increases half-life is referred to herein as a “dAb-effector group” composition.

Examples of effector groups according to this aspect are described herein below.

Antigens or epitopes which increase the half-life of a ligand as described herein

are advantageously present on proteins or polypeptides found in an organism in vivo.
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target antigen. Functional Assays Single

berfournoig | Katrubiin A eanl: dhlemichd ftabHBy aﬁth'g@mlﬁ@GIShérféalﬁbook for
have neutralizing activity

Pharmagists andoin Regesh et ¢h nsh%iam}fl{l% I ?#?éil?aqmgwh (1996).
R LGRNS o sg Elead@% b ddhabMELHET MEHbE & T P&T&H published by

agon|2|ng single |nnunoglobulln vari ab
Mddelhdliren Af YReptok dditian (42820, whick deﬁ@nbcsrphasrna@émqﬂe ¢parameters

S{lgl’ll gst tI a\fpehat a%dttrl])%ta tlIL 1\1/v|’ets am? gregl I'1]1Sder%fle(;’curve (AUC).

Half lives (t¥ alpha and t% beta) and AUC can be determined from a curve of
serum concentration of ligand against time. The WinNonlin analysis package (available
from Pharsight Corp., Mountain View, CA94040, USA) can be used, for example, to
model the curve. In a first phase (the alpha phase) the ligand is undergoing mainly
distribution in the patient, with some elimination. A second phase (beta phase) is the
terminal phase when the ligand has been distributed and the serum concentration is
decreasing as the ligand is cleared from the patient. The to; half life is the half life of the
first phase and the t half life is the half life of the second phase. Thus, advantageously,
the present invention provides a dAb-containing composition, e.g., a dAb-effector group
composition, having a ta half-life in the range of 15 minutes or more. In one
embodiment, the lower end of the range is’ 30 minutes, 45 minutes, 1 hour, 2 hours, 3
hours, 4 hours, 5 hours, 6 hours, 7 hours, 10 hours, 11 hours or 12 hours. In addition, or
alternatively, a dAb-containing composition, e.g., a dAb-effector group composition, will
have a ta half life in the range of up to and including 12 hours. In one embodiment, the
upper end of the range is 11, 10, 9, 8, 7, 6 or 5 hours. An example of a suitable range is 1

to 6 hours, 2 to 5 hours or 3 to 4 hours.

Advantageously, the present invention provides a dAb containing composition,
e.g. a dAb-effector group composition, comprising a ligand according to the invention

having a tB half-life in the range of 2.5 hours or more. In one embodiment, the lower
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in t r for exa U S. 6,090, 382 The
P ot @&L%@@ 199, $10.5 3081 Ty 50y mis e prsaieysly a ligand
a&%fcﬁhé}to%ﬁ tlocﬁ FNPRLA a nblﬁ!ﬁg ift ﬁ{e%ﬁ) s%ie YedAToif Yhe group
S|ng I mrunogl o I'n vari dommal ns
cqdsmhing of tkllé fd]&dwsfh)g h‘:‘rm 158stgedidmt, 1She 16@)iﬂgi thin/tg) 15 to 75
neutra{ ghe |c activity of TNF on nouse L929
MERngR Lt ml2000) Ml ecul ar Bi ot echnol ogy
15, 243- 248) Bri efl y L929 cells plated in mcrotiter
pl at Asti 2 chibidSHt iBekeRYRE Nhgithai i anti- TNF dAbs,
| OOpg/ M TNF and Tng/ni actinonycin D (Sigma, Poole,

UK). Cell viability is neasured by readi ng absorbance
at 450 dunl sercifisligapda aceonding 4@ therinvintin pss capable of binding to one

or more molecules which can increase the half-life of the ligand in vivo. Typically, such

molecules are polypeptides which occur naturally in vivo and which resist degradation or
removal by endogenous mechanisms which remove unwanted material from the
organism. For example, the molecule which increases the half-life of the 6rganism may

be selected from the following:

* Proteins from the extracellular matrix; for example collagen, laminins, integrins and
fibronectin. Collagens are the major proteins of the extracellular matrix. About 15 types
of collagen molecules are currently known, found in different parts of the body, e.g. type

I collagen (accounting for 90% of body collagen) found in bone, skin, tendon, ligaments,
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- Transferrin receptor specific ligand-neuropharmaceutical agent fusion proteins (see
US5977307); brain capillary endothelial cell receptor, transferrin, transferrin receptor,
insulin, insulin-like growth factor 1 (IGF 1) receptor insulin-like growth factor 2 (IGF 2)

receptor, insulin receptor;

- Proteins localised to the kidney, such as polycystin, type IV collagen, organic anion

transporter K1, Heymann’s antigen;

- Proteins localised to the liver, for example alcohol dehydrogenase, G250;

+ Blood coagulation factor X;
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antigen or epitope that can act to increase half-life
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pol ypepti des wherein at | east one of the variable

domaiA (ol (agoc e achivaids gene)pbdtepraeg@inoligand {OPGL) see Nature
| east one of the remaining sjngle i munagl gbulin

40230403 Q; d 8% XA (3 empriRidhe HNF Receptes fgnily, cxgeesspd on
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regulated in human T cell leukaemia virus type-I (HTLV-I)-producing cells.) See J
Immunol. 2000 Jul 1;165(1):263-70; Metalloproteases (associated with arthritis/cancers),

including CG6512 Drosophila, human paraplegin, human FtsH, human AFG3L2, murine
ftsH; angiogenic growth factors, including acidic fibroblast growth factor (FGF-1), basic
fibroblast growth factor (FGF-2), Vascular endothelial growth factor / vascular
permeability factor (VEGF/VPF), transforming growth factor-a (TGF a), tumor necrosis
factor-alpha (TNF-a), angiogenin, interleukin-3 (IL-3), interleukin-8 (IL-8), platelet-
derived endothelial growth factor (PD-ECGF), placental growth factor (P1GF), midkine
platelet-derived grthh factor-BB (PDGF), and fractalkine;
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immunoglobulin polypeptides. A typical example of a stabilizing moiety is polyethylene

glycol, or PEG, a polyalkylene. The process of linking PEG to an immunoglobulin
polypeptide is described in these references and is referred to herein as “PEGylation.” As
described therein, an immunoglobulin polypeptide can be PEGylated randomly, as by
attachment of PEG to lysine or other amino acids on the surface of the protein, or site-
specifically, e.g., through PEG attachment to an artificially introduced surface cysteine
residue. Depending upon the immunoglobulin, it may be preferred to use a non-random

method of polymer attachment, because random attachment, by attaching in or near the
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biladpsg adtivityrod temmodPREmiatedtthen abhemobipapidde. t he range is
12 hours, 24 hours 2 days 3 days 5 days, days, days

or 2 d ant eous COpLa

conp 058 8rr]?ﬁ % %Se#ﬂ go R ]liil% nIll g\n\;f;%ahf aifg isgepgrally

abalfs, (bO(ft@ 500000MBaltoal esie) elgd, aGBumOmcskDLmoeoo‘oum tseooo kD -
rrbodlment it will be in the ran% 12 to 48 hour

13,00Qr50h S008r ) o 2990 k&Y, 51000 25,900 KD, 126040 3(A0¢ %Hg%OQ@kD -

I t
S90S DA B KO o 0RO B, . Mgt o
sberiepénds mgon tlrmn&!ntld:dmseccfﬁ thhper dospiex. aF drlegamdleawhmedi w@esired to
to the inventi on havi n(i; .an AUC val ue (ar eaﬂénder t he

PEBFHALY SOl HRE, CehfelUBIOT 1t W@dmw&fﬁpuweﬁoﬁr%a T Rolgpgr, on the order
r
Sg@&g 8@? &P ggiehg \rﬁ?s%e(e)lg ng 1sq{esfr5@t0. rﬁ'ﬁﬂ@nﬂ ﬁ’llet%:)rg%féx ifkeirculation,
lafgerepatahenset.y., 25,000 §Brtd 46;006 &Bpmsn@ne@an hevsaddi ng to
the invention has an AUC in the range of up to 600

ny. mffomologounssgqgen%gbodl ment, the upper end of the

The invention encompasses single immunoglobulin variable domain clones and
clones with substantial sequence similarity or homology to them that also bind target
antigen with high affinity and are soluble at high concentration. As used herein,

“substantial” sequence similarity or homology is at least 85% similarity or homology.

Calculations of “homology” or “sequence identity” between two sequences (the
terms are used interchangeably herein) are performed as follows. The sequences are
aligned for optimal comparison purposes (e.g., gaps can be introduced in one or both of a

first and a second amino acid or nucleic acid sequence for optimal alignment and non-
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range i s 500, 400, 300, 200, 150, 100, 75 or 50
nmg. m n/mM . Advantageously a |ligand according to the

w0 poossisen wi || have an AUC in the range sel ece@UGBr@A004253

the group consisting of the following: to

150mg. mn/m, to 100 ng.mn/mM, to 75 myg.mn/m, and

15 to 50nmg. mn/m . Antigens capable of increasing

lifiand half-1ife The. dual ecific .ligands accordin

HOBOl RSV ARAYARTCEIToAPE dISEBAIoD o oG TP FBoRAL 62 Rrgrged
e%o@ﬁﬂérﬁ,sth@’ﬂi'ngﬁ Sl vetdeARasfuchheallidled for dofrpatisd Surposes is at
'tgand in vivo. Typically, such nol ecul es are

lepst 906 prrictbeablyvai lehst d0%a momapxefeably ai lsasiiS0to, ameh miaiegireferably at

AT G or S ED R AI-CaHa L R 700 S O o QUG e JeGA o the
rE%ABE SoqubAR. MANeREMhE ¥l irsdiduich 6f RRtestided e dddlebpdudf® Mhino acid
the organi sm may be selected fromthe follow ng:

PPBitipRS prsnuctestife hesibgmsraze Blep gpmpasdt MBen afpositionapjhegtirst

ol | lamnips,. integqrj fi in. .
8108 0% B P RO LRSSl s pmpponcin
poEitibh ¥ thAkesondisg@esicaflthaniht agidvules lagcidbsticaiitethat position (as used
currently known, found in different parts of the body, . |
heregn amipgercid raucleifedrid AbBRIARY g cH ¥V algp gmippegd or micleic acid

LA IE 0l oS O R RRDLS o v
of atentita gesitibms/shateelhryathe déencasphking dutd acadunt theusimber of gaps,

h r o he_eye; _Protejns f.ound in_.bload, . .. '
ap el of PrRHE, whishaerb st atiord fitioRtinial glignment of the two
sBpeaagl obulin, serumalbumn, fibrinogen A fibrinogen

B, serum anyloid protein A heptaglobin, profilin,

ubi qui tin, uteroglobulin and b-2-m crogl obulin; i )

Enzy dediseth Heteinh pesjuenges ‘ssnidaritySispl raeasiecy dhe degyesoteywiiich amino
cystatin C, al pha- -antitrypsin and pancreatic.trypsin
sfifigedionses optli pERors R s AL bbb ik pasporgrta ab
aliEmént YB o kel hdiRes SAMIVD Mid LasieniRk &SeHcH otHek where their side

normal Iy found circulati r]]g through the bl ood stream

chianhagistsitern Sger ipdbo nEgiBEL \FacEEpaERe angne afide thaberet o
cglj_ls%f\fg;ti()e sﬁﬁsﬁHR%s.oljg{j Sach RREA « B3R 5 s&%ﬂmﬁl%nti{?@ substitution

I ssol'ves the Ti'brinogen fibers that entgangle
thft baxda paditive scorean the blosum62 substitution matrix (Hentikoff and Hentikof¥,

1992, Proc. Natl. Acad. Sci. USA 89: 10915-10919). By the statement “sequence A is

n% similar to sequence B” is meant that n% of the positions of an optimal global

alignment between sequences A and B consists of identical amino acids or conservative
substitutions. Optimal global alignments can be performed using the following
parameters in the Needleman-Wunsch alignment algorithm:
For polypeptides:
Substitution matrix: blosum62.
Gap scoring function: -A -B*LG, where A=11 (the gap penalty), B=1 (the
gap length penalty) and LG is the length of the gap.
For nucleotide sequences:

Substitution matrix: 10 for matches, 0 for mismatches.

64



10

15

20

25

bl ood clot. This is called fibrinolysis; |mune
system proteins, such as IgE, 1gG IgM Transport

WQe@bse33332 such as retinol binding protein, a- PCT/GB2004/004253

m crogl obulin; Defensins such as beta-defensi 1,
Neut r ophi | defensins 1 2 and 3; Proteins found at the
bl ood brain barrier in neural tissues, such as

mel anocor t(jﬁﬁrf)rsrég%%é) é\ncg?}tgg?l Ilg L({}l v %(e){eb L L5 0 Et{lg galspplg)erntale}’) B=3 (the

Transferri

i - r usi on proteins (see
ghdbsgagaggl 3%@%9)041@ TRGEUE 1GRth HORELad. p

( brain capillary endothelial cell receptor,
tr anél’fy@tqal ennseuvaines substititiomscarp awong Mes,u¥alnleu and lle; among Ser

[ I I wt h, f

shf S o SsalnARE g Abhmae hEEERIEF Gin. faand Are: or
af ARG duesHRLaH NSr.| BCadi3ffholtRe B4Rk (ntREYfterS o pSentage) of
pol ycystin, type IV collagen, organic_ anion

stnidaritp betwsen ko pekspentide’sequentdsg ens, considersdhmsumberaifipssitions at

W@l%@el&tgg\ég Fl&}l’ia&gy PO O%npl %( étglglé]rgc de?'ﬁ%(r}{%é;?rﬁ%%ea’g’}q%slghes in the
Wb pb@p&mde@@q&dnﬁ@ﬁmtr@laﬁ&etd the gntirs UelptiaSofIREfiR] Mbcules being
conponent (binds IgA); Proteins localised to the

corapaed- e. g., HSP 27 (this is associated with dil ated
cardi onyopathy); Proteins localised to the skin, for

exa 1{%“54%"&/ g fie BIGOSE Eﬁ&glgﬁ fA‘@ @ht%mcﬁ%l)aﬁg&ﬂﬁﬁ is

nDrp ogeni c proteins are a subse
etnphnysd dorrsequenge ahgrhném,cwtbln piraswetees fehtn dquaulhmlues The BLAST

ofRRgE BB SRR SR b e P BB ot Bamre of e

Natiohg itnleod Qloﬁa@ﬁincﬂgg}( [Horfdation [URRYI®), SPGE 'I\fa't16na1 Library of
proteins, including human trophobl ast antigen

Medicep( jmim? bokipe Natlomdémt@@@mﬂé@féiht( i kefithe Ps$ . rpovemyment
‘Cgt\h’ipﬁ L %lggtpucﬂgec{o%, Sub iredd %ess aol&feﬂ)lﬂzhtnﬂ.” This algorithm
aligns two sequences for comparison and is described by Tatusova & Madden, 1999,

FEMS Microbiol Lett, 174:247-250.

An additional measure of homology or similarity is the ability to hybridize under
highly stringent hybridization conditions. Thus, a first sequence encoding a single
immunoglobulin variable domain polypeptide is substantially similar to a second coding
sequence if the first sequence hybridizes to the second sequence (or its complement) under
highly stringent hybridization conditions (such as those described by SAMBROOK et al.,
Molecular Cloning, Laboratory Manuel, Cold Spring, Harbor Laboratory press, New
York). “Highly stringent hybridization conditions™ refer to hybridization in 6X SSC at
about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 65°C. “Very
highly stringent hybridization conditions” refer to hybridization in 0.5M sodium
phosphate, 7% SDS at 65°C, followed by one or more washes at 0.2X SSC, 1% SDS at

65°C.

Uses of Single Immunoglobulin Variable Domain Polypeptides:
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D sease-specific proteins, such as antigens expressed
only on activated T-cells, including (but not limted

wo 2005/0855@& 3 (| ynphocyte activation gene), PCT/GB2004/004253

osteoprotegerin ligand (OPGA) see Nature 402, 304 309;
1999, OX40 (a nenber of the TNF receptor famly,
expressed on activated T cells and the only o
costinmulatory T cel] nol ecl%l e known to be specifi %%}elilyare

upr egiftele BEmiAOsabHI vPrgRIElomatiRRIN R UJPS Bulepged ere
u%%@(_ﬁ\éf E?ggétgg}f%/gz?g f&ﬁ& bdvidro a8@ndstcM i @brap &QQ:Qan%llﬂroﬂhylactlc

oprot eases (associated wt
applidationsd. SFaranempk) theipolyipeptidey cOGESinzoMotaehintd Bymhnapgsays

T e e i A
s(ﬂ{r_g%e':\i_n%l 196ulinREmble.doBRs Folfipdptiald @stal@uadiinsé ag f@fexample,

ascul ar endot hel i al 1%rrowt h factor / vascul ar

VWestare hbitling gpriisetians apyEaH Ny chromaiess sRielods: oYich techniques
factor-a (TGE a r rosis factor-al ph TNF-
a’éen‘ﬁ?lggré%ﬁ@%ﬂﬁe)e?flS&HE‘%@%E‘%I L- I3) , interl euEi ﬁg ?

(IL-8), plateletderived endothelial growh factor

( PD- BGRry impbaae fieh ofyrsefartsifghe inomufdgiéblin vatididi demain

pl atel et-derived growth fact.or-BB (PDGQ{ nd
pplynentider inibe tratmsni esprophdeds AEdiseasat ordispekerp dted fsthe target

= HSP clels j Ll 1l M
T
peophlylassvith adastitdds prdpastion iy a c4mslidatmfoe reagtmeRhorsprophylaxis with

o MR Qg S0 QgSE TS RRLA P e TRy 2% Fieh
biid%t: afﬁﬁ&&,%ﬂén%@ﬁenb?ﬁﬁ%ﬁﬂ LAz Rk EERR 8818b1iEPST thBSingle

I rmine systemthat w ight infection and di'sease. A
irdmahoglpbdlitf vayiablegtmerimholyhetiidesi descubedhareioatnder thenHgperior to,

can be. | i zed t. di sease. site: . Protei i nyol v.e
il SCisnER miPaflseri PR dap i e fi i rGuRL
pipRBlaxis UFhsnfe digeapt or has two functions, both of

whi ch are potentially useful for delivery. The

functions are 1) the transport_ of 1gG f{ag{n npt her to
chi | duaniedbs dissesep prdiserdsrs tiealgbls)orphey epiagiedistiedhe sipsle

B PER IR 1 AT rs st
ify@rhatom, eepdzgombuding, for example, septic shock, endotoxic shock, Gram

negative sepsis and toxic shock syndrome), allergic hypersensitivity, cancer or other

hyperproliferative disorders, autoimmune disorders (including, for example, diabetes,
rheumatoid arthritis, multiple sclerosis, lupus erythematosis, myasthenia gravis,
scleroderma, Crohn’s disease, ulcerative colitis, Hashimoto’s disease, Graves’ disease,
Sjdgren’s syndrome, polyendocrine failure, vitiligo, peripheral neuropathy, graft-versus-
host disease, autoimmune polyglandular syndrome type I, acute glomerulonephritis,
Addison’s disease, adult-onset idiopathic hypoparathyroidism (AOIH), alopecia totalis,
amyotrophic lateral sclerosis, ankylosing spondylitis, autoimmune aplastic anemia,
autoimmune hemolytic anemia, Behcet’s disease, Celiac disease, chronic active hepatitis,
CREST syndrome, dermatomyositis, dilated cardiomyopathy, eosinophilia-myalgia

syndrome, epidermolisis bullosa acquisita (EBA), giant cell arteritis, Goodpasture’s
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In vivo stabilization using polyneric stabilizing
noi eties: In another aspect, a single inmunogl obulin

W@ 2005083522 domai n pol ypepti de cont ai ni ng conposPCT/GB2008/004253
stabilized in vivo by |linkage or association with a
(nonpol ypeptide) polyneric stabilizing noiety.
Exanples of this type of stabilization are descri bed,

for exanple, iLn W09/ 64460 a . € :
epfro BB ki SR emp R A i efbcphs dBftin purpur,
11iBpRAARAEALRENB a@gﬁnwm—@ép@ﬁ@m eiab&pemieflites(IDYPMY, hoseaile
references descri be the use of syntheti

rh@lllmn‘tﬁlalythﬁti@ draniregt-rspy pendreras. digidgA dexmaptosis, myocarditis,
. 0ol vakkenyl | _
nggcloifia% & 1%1@237:1 %hx‘ﬁ‘é‘,%oﬁﬁgﬁ%&%ﬁ@&ﬂ?e‘ %@?ﬁﬁh?cgwosfyndmme,

ari I 'Ncrease € I'n vivo .
pefiphized], pbubhiguy PloyypeydsitibesrimArytsylerasilg @otemgitss, pdoriasis, rapidly-
stabilizing noiety.is _polyet hi/l ene gl ycol , or PEG,d a 4
pestors A EnE o ERLe o R ot i Mg yntrcine an

| -l o P . 2 . ! .
ﬂlrl}g;p}egl?e ’cég%ld{asn HP@EJ[?e 21? éreg% qe%”ﬁ)gﬁgl?lﬁﬁggl f'l'ag]éheyl af icaclacr111 ?‘gla o
Akitesmedibed tishverdaimge) trangphant ogjéodibn land graét yepeysthodiedisease,
can be PEGy| at ed rando ..as b ttachne of PEGto
RS9y GROREle Emtrmireby st SYREOL, YAk e pipgio ptimonary

iﬂﬂé&ﬁﬁhﬁry @Eeadk RIABRArY sE@bidYsis, Hulinondri FBHEBEH ddEGilicosis), cardiac
attachnent to an artificially introduced surface

dispsdees (ee.riecticthie of e hegrtumsyificiency), indlaregriony bens disorders

L 5P IR Bt o AR AR et s

cBhhAgnEsthfbafbesNRPErfldien Hian] kefdd fhinttiongscat tigue formation and
sites on the nolecule often alters the affinity or

pype@d.-ficity of the nolecule for its target antigen. It
is preferred that the addition of PEG or anot her
ool y . o i _ . T N
o) g t3EE Botoi Bl b0 BUmot, b kR BedE ctp i ctdlcs, c.c.
ciies op gloyik fidtats, ceBysut fdarersceptrs ontgigens, or wizymasheecessary for
antigen-bjnding affinjt r. specificity" i ant that
thneropeo/ BB acES S0y of g tEmen o 81 SxegBiaity e aprele
-Ilng-ﬁg 1€ ford i Padfid QoL08RE-8pedi Ak tumor-
The P%g&l??%\%@ﬁfﬁ?ﬂéa?gggp?\%l y,$of 16_1 non-_PEG—%SEiJ nked Or
carithadouhyigeratol tatgieba Hiedeioteicion gpemtesis-induciagaigpedy the tumor cells.
[ ngl.e variabl e, domain. .In the alternative,. p
GBS o AR o & ot PRy Bt SERPRMR ol lfip PAhiHR freated
Q% sEReF gkt By tARsiss édeadr ridte nfdd(dtdre e thefpartivlayy with a

anti body single variable domain retains at |east 90% |
nofitralivingginglg emmunoglobulin variable domain polypeptide as described herein.

Most commonly, such mediators will be, for example, endogenous cytokines (e.g., TNF-

o) or their receptors that mediate inflammation or other tissue damage.

Pharmaceutical Compositions, Dosage and Administration

The single immunoglobulin variable domain polypeptides of the invention can be
- incorporated into pharmaceutical compositions suitable for administration to a subject.
Typically, the pharmaceutical composition comprises a single immunoglobulin variable

domain polypeptide and a pharmaceutically acceptable carrier. As used herein,
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bi nding activity of the non-PEGylated formof the
pol ypeptide. The PEG or other polymer useful to
w0 p@sesse2the in vivo half-life is generally apOIIGB2004/004253
5,000 to 50,000 Daltons in size, e.g., about 5,000 kD
- 10, 000 kD, 5,000 kD - 15,000 kD, 5,000 kD - 20, 000
kD, 5,000 - 25,000 kD, 5,000 - 30,000 kD, 5,000 kD -

35,000 IcD, 5,000 |cD =
et e, SO0IER St 8 S, G e
c%a%lg da%ﬂ?é{@t&aqfan& Qﬁlfﬁﬁ?ﬁﬁ?l nts, o &E@é&orﬁﬁ'&ﬁﬂ%lalyingl agents, and

0 penetrate sol i tlssue e.g., a tunor
fHedikedkantagigsirogisalyxosmatibler Theltsrretp amaqeﬁ%ca@mé?epé%ble

D Ve S ARy, oo
pE%rﬂla]celﬁﬁzaﬁQQc&E[ab& A0 thcklde@he BPIrEaMwiter, Hﬁmé phosphate

ogous sequences: The i nventi on enconpasse
bitoma ogliwh et aebplocter A e QiRecHRIL 4 GRRYHIAA Tiereot

subst anti a uen
15 Py G160 T MParoia i fSle Lo ARISO Y chBinbeoilgars
p@fyﬁlc%%lbl Bhéh zﬁ;tmziﬂn@bl gorbétel) for sddimn chiwida sethelvomposition.

substanti al " sequence sim, I h I
Phamewmlyuamqpéa%h SpbsfangRs g w'bey%lr%g P«l@ﬁ\ln%ﬁ Bg%@ﬁw substances

orml t
5Bt o BEHEIERL RSP R EAER, e o el
Iﬂé 8r &Hcﬁ@d&r[%ﬂoﬁ:he finkledvsnuibgbobstiy venadds demainglolypapidde.

for optimal conparison purposes (e.g., gaps can be

Ianmt :] gfd gggglplefﬂtlgggqso eécrg)&E &egeélg@félx i)g tn} % ?a qY 3f fc?’ﬂlg. These include,
% | LaniR, 'idlgafad 0o A 2N I DaRSe fRRaNeRSs kquidelutions (e.g.,

d for conparison purposes). In a preferred

11?6&1.10‘1}3 mrd infusible sb]eutlgtlfﬁ difpasipes arsemasiony idtee nills. gaugers.
or co rison.

gt %SH%QS& BUEARF A o agperdgh (Bl AP agbe
RS ARNYand thdr@sstic @ ﬁa@lwl fergdreefrpositibys art in th
easlt 70% g O%f%g%(%? %%%C&) of the Igir?gt hqdo ﬁ@b eI
foef ef mmmbé@weﬁ@tble sHetions fshas P%FnP‘é%fil‘aﬁégmé?f to those used for
nucl eot i des [ c
T COrT e o0 T RRERE P s BARIATHR. fRR RSt
aRRShikirfon i phfestefdl (&8, Reuers, subcutalmwps dutraperitdngals ame
am no acid residue or nucl eotide as the correspondi ng

llp@@miﬁcéhir)i n the second sequence, then the nol ecul es
are identical at that position (as used

Therapeutic compositions typically must be sterile and stable under the conditions

[

of manufacture and storage. The composition can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered structure suitable to high drug
concentration. Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filter sterilization. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle that
contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable

solutions, the preferred methods of preparation are vacuum drying and freeze-drying that
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herein am no acid or nucleic acid "honol ogy"” is

equi valent to amno acid or nucleic acid "identity").
wah@spssscent identity between the two sequenceBCT/6€Ba004/004253

function of the nunber of identical positions shared

by the sequences, taking into account the nunber of

gaps, and the length of each gap, which need to be

Ll oguced Lar, 0ptl el gl BTERL aRligbiS YR SEINGRGFor o

Ié&?ou@ﬁ&ft@rﬁelfﬂtem SRR |’I‘116§>@(§11¢@ mlaﬁﬁtysirarsehﬁmmhmbe
am no"aci d residues at corresponding positions in

nafiitginedrior ofantfie bydbuesecd e, coprisyich@p trsithineby the m%meflﬁlce of
h t}%%%&p?%dgp}{m% ‘S{zg i ! eIc>5s df‘zﬁs %ﬁ%n‘ﬁld he {159 éfas'ilrfac ants

ari t asses am no
that are conservati ve substltut es for each ot her. A

) " coNgBe il diemendpsdbiutin tviaablé doman relpepiidastdesmibioh dprein can be
t

T

@?thlmﬁc the &)LIJI rerred x o&'tQ/ﬁfbﬁe o Q&rﬁl)mstﬁﬁoﬁ ﬁqnﬁﬁﬁﬁﬁ?ﬁg ection or

uence simlar to sequence B" is nmeant that
1rﬂ%1eiﬁ Thep@gpértiderssn elso ae adpinisteried @ymueam@bulgnwewbcutaneous '

190 GrorOUH Bt ehrUBE e b ST PRoRan i SO of the
sﬁlgieqmm %lcﬁﬁﬂn REriRgE ﬁ&hﬁfiﬁd g\bbﬁ%éﬁkeoffa@ie]agw Ag/ml (~417 pM) in

rameter$ i n the Needl emah-Winsch al i gnnent
aé‘lll@@ﬁ bdlntidn Feog PBEY prppietasbly StilesdtilOung/on (r8X3r uM) 20 mg/ml

(”?]lt R othdn s saRm A i), PrHRg ] 46 SR SRR AL 9 SY 4 e
(L U%h{l‘i 4%?9%/9[1 ngfs e mggl%o nﬁ?{nh gswh a1}, 38 rSoRH FOL6HIM) 60 mg/m!

ut|o tTi X 0 for m3nmatches.
(BACRAM S B3I gignl f(uh & oMy 7(}1Ag/nB*(4:I58\1MdD & SAng/ml((’ehé nghdp, 100

pe”aljt,gy%;mg\@eléég%h%ﬁ@ oSk, 2ET Dl P st bl In some

eﬁlﬁ)gd% P%) brati¥ad eanl-‘&u f(ﬁG %Qaﬁl 3@; 2%@%@9«20 @ﬂﬁMTWOO mg/ml (~25

anon dues p, Asn; "anong t
mM}i3d0esg/@l |ﬁ29 Zyﬂ\/[)aomevAn glgh@r, but be diluted down to 200 mg/ml or below

prior to use.

D

As will be appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results. In certain embodiments, the
active compound may be prepared with a carrier that will protect the compound against
rapid release, such as a controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Single immunoglobulin variable
domains are well suited for formulation as extended release preparations due, in part, to
their small size — the number of moles per dose can be significantly higher than the
dosage of, for example, full sized antibodies. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Prolonged absorption of inj ectable compositions can
be brought about by including in the composition an agent that delays absorption, for

example, monostearate salts and gelatin. Many methods for the preparation of such
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aromati c residues Phe and Tyr. In calculating the

degree (nost often as a percentage) of simlarity
wheddesss71 wo pol ypepti de sequences, one consi deCEHGBR@4/004253

nunber of positions at which identity or simlarity is

observed between corresponding am no acid residues in

the two pol ypepti de sequences in relation to the

t | engt h the t |
A one AR jente e SORESl ABRURES tERe R PigRERE s &
sﬂé’t‘a Inbd 8h@eohibMRd Rel6ise lm&tg@)eh%rymt@ﬁﬁ CE RelRcBf¥BAted., Marcel

th paranmeters set to ault val ues. The BLAST
Dadk@m Iitch iNevBYAST, 1978eddditions! métBodsapplieahletoghe oprolled or

G P RS E G EPS ol e B Sir R AR R s vaifile

dbhﬁfr?ﬁdlyﬁptxﬁ@éjd@élﬁ&d(herdﬂl file)dedribed efofxla;tanqﬂa,l in U.S. Patent Nos.
InstituteS of Health nih") of the U S. governnent

6(30666"and 6,346127¢, ay wethas, for expmpls; BW S. Eatsinpritaatien Bes.
r
ODRBEAEES o ol AR 0 RS,
1999, FEMS Mcrobiol Lett. 174: 247 250. An addi ti onal
Eeas Ui eertefin bmfﬂioﬂmggntso p sBighd ilmmmintoglobslit Werizibé ddnng«intpglypeptide
ybr|d| nder hi strin =nt h r.i.di atl
it B adminierot. oF PRt Sl Pt Bn At B 8 syl edible
Inpgl &Qﬁxﬁlﬂldv (@hd &ﬂ%ﬁn@féﬂﬁ‘n& H@eﬁ%ﬁ?ﬂa@@lécﬁ)e enclosed in a hard
stant | y simlar to a second coding sequence i f
ot bceft thellsgeldmpapade, dWlIWSdedzm@ tabletsher weematitededjtasty énto the

d hl t
é@m@. 6k it ot dhege dugnaobbE ESbamds sy s,
with Xcipied¥PhiCubealin Be doind gf mgedmbleeﬁablets, Bi(bdwbﬂablets
CoI d Spring, Har bor Laboratory press,

tropheghtapsiles, qhgerﬁ,t SURBESSTOnS, zsampé,ﬁ%f@iﬁdartd Ba élke rTé% amipister a

PR FLECHL R P SO Py RS B sy

cBhtahE YorfpdrndaSitH, of b alltimeter e compointd witls,"a metesal tqurevent its
hybri di zation in 0.5M sodi um phosphate, 7% SDS at 65C,
ifastiveiig®d by one or nore washes at 0.2X SSC, 1% SDS at

65|C Uses of Single I munogl obulin Variabl e Donai n

Pol y ' I
e L
certain embodiments, a single immunoglobulin variable domain polypeptide is

coformulated with and/or coadministered with one or more additional therapeutic agents.
For example, a single immunoglobulin variable domain polypeptide may be coformulated
and/or coadministered with one or more additional antibodies that bind other targets (e.g.,
antibodies that bind other cytokines or that bind cell surface molecules), or, for example,
one or n.ﬁore cytokines. Such combination therapies may utilize lower dosages of the
administered therapeutic agents, thus avoiding possible toxicities or complications

associated with the various monotherapies.

The pharmaceutical compositions of the invention may include a “therapeutically
effective amount” or a “prophylactically effective amount” of a single immunoglobulin

variable domain polypeptide. A “therapeutically effective amount” refers to an amount
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useful for a variety of in vivo and in vitro
di agnostic, and therapeutic and prophylactic

w@ppbis#r: ons. For exanpl e, the pol ypepti des cBCI/G82004/004253
i ncorporated into i nmunoassays (e.g., ELISAs, R A
etc.) for the detection of their target antigens in
biological sanpl es. Single inmunogl obulin variable

mai n epti f ' f . .
B PR 562 B B2 Sl 38 ] B derr hgopen
r@sﬂl‘ltOKQhéiﬂﬁ GRIRNI] félﬁﬁ’% amouit o fttRE KifglE URmuAb glovElin Vé?ﬂibmomaln
to those of ski inthe art. Avery inportant field

potypgpiédsmpy garwgﬂceordmmn Sten glllthﬁS\ﬂaPr digesse S@Eﬁrﬁgeﬁ sex, and weight

RRALBEEIEE S B By FE LT Pl BRAA il domein
posgeptideblefichaViesitain@snss inthe ﬁ{dﬁi\edueﬂ hz&lthdrﬁpe&tlcally effective
candi date for treatnent or rophy

RIS @Fone pravhihayitexig Oééﬁamﬁa %ﬁts ?’ff%&%@?ﬂdya antibody
| [3
A B O o GRLERHR ity

efffectikrenggna@int’l reifdry fo druarmours effadivepatatosagen and fmlplerisﬂszﬁ time
and high sol ubilit

| ' _
GRSFAT 6 BORET Ihelshy P B I DRBOHL, DRISEA pEphyacti
dtogkeﬁ‘ﬁ&pﬁrs‘u j’egf)?gmo? & orSat %HEhﬁer §th’éé oft @R4Ld) tl?e%rbﬁl%qh&ﬁally

even, e, scFv for the treatnent
eﬁﬁecipmfalnmumwmlﬂ bé iﬂmﬂladlt@ﬂnsmpew&tmﬂg eﬁhélvmasms‘% or
di sorders treatable or preventable using the single

i mu :ig lggebrm #ng?l\é 2{,{%,3% dJus%@io grgv(%{ié/ % %Hlﬁil%ﬁi &ie%ﬁg& &&8(%36 (e.g.,

her ei

a(th %(éitﬂﬂc@ﬁ prophilaieraspensef Eot bxangile) Caksmg&cflﬁail@ ¥ia§ be administered,
shoc Gram negative sepsis and toxic _shock syndro

sayardrdividechyores Bundicradpiinigicred ayeptimg or theylose may be propo)rtlonally
B
advdntdgebusto forthiilael paracdrel milﬁ)smlonpusdasagd imenfatmdbsease of

agqnélgasétgq%%gm glg;/f%)qstglty @@Ode rm@gedJ[né ggé ag Iggegje l)gs gem refers to
o R BRI ol AR o
mb'aisémwh ual contaimingsa potstiginaindd iisantisy eitkctine compennd, calculated to

it tgare %?%ﬁgl?t %ﬁ%ﬁ%g@ Wr“&ﬁu e?ﬁf‘fxﬁi pharmaceutical

calepeci a totalis, anmyotrophic |ateral sclerosis,
ankyl osi ng spondyl itis, autoi mmune apl astic anem' a,

A non-limiting range for a therapeutically or prophylactically effective amount of
a single immunoglobulin variable domain polypeptide is 0.1-20 mg/kg, more preferably
1-10 mg/kg. It is to be noted that dosage values may vary with the type and severity of
the condition to be alleviated. It is to be further understood that for any particular
subject, specific dosage regimens should be adjusted over time according to the

individual need and the professional judgment of the administering clinician.

The efficacy of treatment with a single immunoglobulin variable domain

polypeptide as described herein is judged by the skilled clinician on the basis of
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aut oi nmune henol ytic anem a, Behcet's disease, Celiac

di sease, chronic active hepatitis, CREST syndrone,
wa@lesosmssmyosi ti s, dilated cardi onmyopat hy, PCT/GB2004/004253

eosi nophi I i a-nyal gi a syndrone, epidernolisis bullosa

acquisita (EBA), giant cell arteritis, Goodpasture's

66 syndronme, Quillain-Barre syndrone, henochronatosis,

Henoch- Sch nl d h
S oL oL TP Pt 9 PRI 8 3SRV P8 Morder o
trfe!.ﬂt%tt %%‘(iir&vetd&ht bt &t 1edsBIWPS (e fealddt derRase) MBpentiingapbn the

dernatosi s nmyocar diti S, nar col epsy, necr ot zi n
mxheattam hefingsmeaseoad fradnd Qrpnerewn@ahﬁéwm@)? comﬁéftﬁw% ctive

oSUPS T RETEOLAS SRR S4E s PRLTYN o, B, 0

7840589 bPRRAN0Y, or, (dBpédNing dfint tBE 1ﬁlﬁw%mgﬁneasured more than
stiff-man syndrore and t hyroiditis), effects of

109¥od e i dwve-felids g fold . t@n fol@yeﬂp ¥ ltﬁ foiang nqinqingAdaipmant of a

dfs?%h e%?e ok qg r grj}a‘iecc If(%rg ga an%blg;S%g V ersu Seqﬁ{r%%e Iné}ggg ec YtOklne

gﬁi!b‘/tﬁﬁ’ﬁkﬁéryordhetﬁlﬁdiﬂé Ve, @te offceH rgtrdmﬂhmryceldi idsdth,asshe presence or
syndrone shock | ung, chronlc

afogEagD nﬁm%ﬁl& Piksaacisasrstie, Brasiply. diBrBeruhgemount
ajﬂ ?O%ﬁ’kear ta?éa{l il %yﬁip‘f&ﬁggf the %egse or 'd?s%%m(@g of,;t he

Cl ency , | anmat ory bone
r@:inﬁtmgzlmﬂ@ smgdlidzases, sueh as pttﬂttpie slileresisk, Alth@pa:wety, gon-physical

(i ncl udi ng coholic t and v pat tis
niSBREPER O o (oSt Bttclida R e R ol Bltipator of
dfs@éé@astdtﬁ’srban%q’éhéd oo fg@tﬁgmhé @ffce’iﬁ@né&}! bE¥bAmehB WEER non-

can be treated, for exanple, targetln? one or nore

phydiesd Miaasqremegts arecpadek Nane@usmhngxabywppep@b gles prindices can be

f { t
uie [RGB Gl Gy SP e anenrs oBR AT ar AERES R
G%xmé;@é; o@c%@md 839)DWhitBidBghbines b shysizaLineghers kidh as hematocrit
vari ab omai n olypeptlde specific for a

andy ttmrrmsrp:l:@c of hqulé or VerrepE staols aarong pthgesn with petienyaepqgted factors
l I ke %ét\f%h?yxcafa]l')ﬁgmgﬁ?gélg%'r %rah{bgﬂéérﬂg%e%gﬁﬁ] Lveh%eh&e to assign a

ases or
dme&k&mm&tory or autoi mune di sorders, can be treated
inasimlar manner, by targeting one or nore

medi at f th t hol t ,nheut r al
T o SRR e T bR ¥ E5hosiion s

dg&?ﬁ?& Bl qs e‘bffectMés tif GROIR: Yor fVEHkyNBE bR ‘éf -°m(We| dymptoms is
or exanpl e, endogenous cytokines (e.g.,
delayed or reduced by at least 10%, or abolished, relative to such symptoms in a similar

individual (human or animal model) not treated with the composition.

Accepted animal models of human disease can be used to assess the efficacy of a
single immunoglobulin variable domain polypeptide as described herein for treatment or
prophylaxis of a disease or disorder. Examples of such disease models include, for
example: a guinea pig model for allergic asthma as described by Savoie et al., 1995, Am.
J. Respir. Cell Biol. 13: 133-143; an animal model for multiple sclerosis, experimental ‘
autoimmune encephalomyelitis (EAE), which can be induced in a number of species,

e.g., guinea pig (Suckling et al., 1984, Lab. Anim. 18: 36-39), Lewis rat (Feurer et al.,
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) or their receptors that nediate inflammation or

ot her tissue damage. Pharnmaceuti cal Conpositions,
woewagsssand Adm ni stration The singl e i munogl POTIGBR004/004253

vari abl e domai n pol ypepti des of the invention can be

i ncorporated into pharnmaceutical conpositions suitable

for admnistration to a subject. Typically, the

15%&%@%&%(){? gﬁp&@:‘ Lé%ﬁlgli?l%p (ggfsrg%%%ﬂ? Lj ggéﬁ(; dsr4]- Med. Sci. 21:
9@9@&9}&@&@ b6 A ACA AR! BIRSENGRES 3 BF: 3583585 GfinflE 1RIdBls known in

pharmaceutical |y acceptable carrier” inAcludes any
tl@naﬁ i Idla@otessnchldmguqubﬁ%ﬂonhothemuan-depmdeng@abetes mellitus

P 356 Bt B s P tos PR QN BBV s pfes inotude the
nphysER! @gde@lalmmmqm% i(@keri dhe, 19947 Pr N NaBEEMt. SGiaU SA. oL
acce le carrier” excludes tissue culture medi

1&1%?1 Ki2ghe BIA/RB refr(Okpiuses et um94Ef<\arhﬂ | Blaysésl. 266: R572-R577)
t}&h\%sﬁﬁ‘ f\;\% at ?j 1Lu¥ ef]aacf Ce§d 2 ErkteJ C(ﬁ)regllt 4890 Z,ealnﬁ e Plcker diabetic

re of hat e fer e
fa:l@mhf (e ct gl.,yio0H, OIProc dﬂithﬁ&lad Bl W, Ee& [d1Re 08%&»10@2) @asmal

Conﬁ'efgrgé{ogtg?eﬁl%eaée Qg e ipstno o7 agasemodels for
aﬁ’H El%rosﬁ‘{ LGRE HoRie R UnPlutih TREVA debd beﬁﬁg@}faglet a r1994 J.
I"ori de § i'tion. Phar

ium c I'n the’ conp ceut ca
L&ud@ps a9 @1-83b¥pshidest alnd:ﬂ)ﬁﬁjﬁaMAmmm Sobynt 4860489; and Hara et al.,

Gt T Yt R 0 TS e e B S AR, Lo

Asig! 43: 1669 7ay; aqfoﬁlﬁﬁﬁmwﬁ@&augf(mé%ﬁcwéml ?989 Lab. Anim. 23: 345-
|nnunoglobulln vari abl e "domai n pol ypepti de. The

3625nbmmmmma/ggufo(é?%mﬁ aiedi%f’eﬂ’eomI\hayAb@i iSai. &.8.dv. Dét TA2-746),
f |
el R R Ao P Bt B AR 7t B ingtginpuivicianey

ghal el iOdFedt €HGun ef 41), €99 BJaB. ARich. ief. M&*mﬁlzl»‘é?'fbéd @mgy (e.g.,
di spersions or suspensions, tablets, pills, wder s

Enn?ics‘é a9 97 nbiabs wgp@ss@loﬁ &9- 49rmme@reéra1 ctI9BOHn. Exp. Allergy
gh elt pfa Pgt dﬁg()dﬂ?; rfo?qﬁ]e ' %.‘f ?1'—3%‘ K‘ci‘ﬁgawa et al.,
erape c appl1 catrton YpI Ca

prefe
1995 p@s.iJt MudsSeit 810: r188h@7;‘EvrniIsloét dlnjl esn, alewmiatol 17 285 290);
i nfusi bl e solutiaqns, such as conpositions sim|

ﬂteH@é@l%éléEasF Mapg £& pksd 9P firf FNBHRP o A5 S5 ORI L: Sﬂegu&ﬁa etal,
1§§7h?fV&”MeBO$é 1€59: 3bH&0B! BHLLKiEL: AP IRA! Eg[g %ﬁhﬁ%afdsof@)
I's’parenteral (e.g., ‘intravenous, subcl
ostertartaptis (Rarths;:]nllld et alt,r1IQ8Clin. &xp. Rheumatol. 15: 45 51 Matyas et al.,
1995, Arthritis Rheum. 38: 420-425); lupus (Walker et al., 1983, Vet. Immunol.
Immunopathol. 15: 97-104; Walker et al., 1978, J. Lab. Clin. Med. 92: 932-943); and
Crohn’s disease (Dieleman et al., 1997, Scand. J. Gastroenterol. Supp. 223: 99-104;
Anthony et al., 1995, Int. J. Exp. Pathol. 76: 215-224; Osborne et al., 1993, Br. J. Surg.

80: 226-229). Other animal models are known to those skilled in the art.

Whereas the single immunoglobulin variable domain polypeptides described
herein must bind a human antigen with high affinity, where one is to evaluate its effect in
an animal model system, the polypeptide must cross-react with one or more antigens in

the animal model system, preferably at high affinity. One of skill in the art can readily
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Ther apeuti c conpositions typically nust be sterile and
stabl e under the conditions of manufacture and

W@ @sass72 The conposition can be formul at ed asP@I/GB2004/004253
sol ution, mcroenul sion, dispersion, |iposone, or
ot her ordered structure suitable to high drug
concentration. Sterile injectable solutions can be

repared by incorporating the active conpound in the. i
&&qwrreel@ ﬂammtmwéw%g iy gixereadpplBatel gy stamaRg agiven single

PR S RS R0 BP0 B s e
of itlsq:)ﬁ'nglg dnmuab globﬁl&pa“l{rmﬂleh;pmz?m polgpqﬂidie regn bé examitgi:d/ By
conpound into a sterile vehicle.that .cqntains asi c
adruyEicEng if tran R ﬁaod@h%mfeé GRndRRs ST miﬂﬂ&rae@ﬁ@ﬁ% gate and

é&r\%ﬁrﬁ@%@ of Hﬁ?@ﬁﬁﬁc%%r?@?fﬁ@t dsdabestee 36 Afleadt £10d:8mprovement.
powders for the preparation of sterile injectable
solutions, the preferred nethods of preparation are
vacuum dryi ng and freeze-drying that 68yields a powder

of the active ingredient plus any additional desired

i ngredient froma previou &ESl e-filtered sol ution
thereof. The proper fluidity of a solution can be

Eminpial ndelgctionr ofexatiptiéon disitghedasan eftitpdiedtiAhy drected against
| ecithi b I nt t h i red
e ePon (YRR RSP by b ESRE 6" ne use

of surfactants. The single inmunogl obulin variable

domaiThepRhdaaeh bHgEbRAEE e VB 6t Vhetichices arithdversity at specified
adm nistered by a vari eté of ., met hods known in_the art,

regigus iy feseapedianty O F2 G8uwhish Apiscoiparatasthrein by reference. For the
o ' PEUTTELADPPPIPATYENS,
BEFLEDGo M) TR A8 B9 5 M UGBS oo

peptide can a
vadrised fof ghethtdfie ifpil ovainy siaed diffeednt Hblacius, @actobised on a single human

i njection. Pr e{}ar ations according to the invention
framegvindls feroYee ey pavitiside rhpin diversgy enended by dyNK codons incorporated

. ulin variable domain, e.g., solutions of at
WW%E%MQ( 417 mM) in aqueous solution (e.g.,

PBS), and preferably at least 10 ng/m ( 833 mM), 20

VB(s8t Figudes 1 amil)2: sequentyd of dufpmdy Vyrtdped GOVARBDP47 2hdJH4b) or Vi

35 /[ m 2.9 0 /m 3. ! nd )
(%nel\ébiigwe ﬁg/i?e,qus@éq@w% Xéﬂaﬁ{%; on %@%?dPﬁ#%é .J%W gige chain
di ré’ny7%1b§%€§aW§0dm ?Hcg%)gﬁarjtréé} ﬂ\@o%npggré%mﬂ ’d@tleggﬁnng regions
(DR, CORR2arfsl GWVR3).200 ng/ M ( 16.7 mM or higher. In

sone enbodi nents, preparations can be, for exanple,

IﬁEQarW &) H, %asze%' 08n %3/]3’[9491 arﬂg/ﬂ%,( se%%igure 1):

t

Diversity at positions: H30, H31, H33, H35, H50, H52, H52a, H53, H55, H56, H58, H95,
H97, HI8.
Library size: 6.2 x 10°

Library 2 (Vy, based on V3-23/DP47 and JHA4b; see Figure 2):

Diversity at positions: H30, H31, H33, H35, H50, H52, H52a, H53, H55, H56, H58, H95,
H97, H98, H99, H100, H100a, H100b.
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mv), 350 ng/m (29.2 m\M) or even higher, but be
diluted down to 200 ng/m or below prior to use. As
wowRios/0bs7appreci ated by the skilled artisan, tPET/GB208/004253

and/ or node of administration will vary dependi ng upon
the desired results. In certain enbodi nents, the
active conpound may be prepared with a carrier that

ill protect t C ound agai nst rapid rel ease, such
L\é%sraggg St rol | egﬁr’él?ggse fornul ation, including

i npl ants, transdernmal patches, and m croencapsul at ed
delivery systens. Single imunoglobulin variable

omai ns._are well suited for fornul ation as extended
L %Xge(vgr@%?éiﬂ&fli@ﬁéo%’@@Kq #dglakitsee FEUERBE r smal | si ze
- the nunber of noles per dose can be significantl
Dl gHbr A PREHOPHE 3 ok Ry 31 L34, 0ckabioa, LILII3sT 696
anti bodi es. Bi gdegradabl e, bi oconpatible pol ynmers can
Lwarysizg: such 3% EY hyl ene vinyl acetate,

pol yanhydri des, pol yglycolic acid, collagen,

pol yort hoesters, and polylactic acid. Prol onged
absorﬁtion of iq%gctable conposi tions can be brought

aboufheY wiand Midiibrgrieshavh deeoprosdéatécior hindanpetgentrat ligands
g i KA ST R IR

1iBafies #relfiaddtionsl. ame shrk 8Mthedibedricd @ﬁtﬂﬁ@bﬁdﬁe"’sﬁﬁ@%oﬁ@ to the sizes
those skilled in the art. See, e.g., Sustained and

afgsypressleréen Rel ease Drug Delivery Systems, J. R

Robi nson, ed., Marcel Dekker, Inc., New York, 1978.

Addi - ' t

ot e ndFE BOCSIRRDNE 68T bu A AR LSl Bl of e
litgaried spanatelyn ofdradacih seiectian] attigen dasadatedod ipaphotdes(nunc) in 4ml

oS ReSTEion 6T ADMEIG b Ba st Tomnded Shiephorm gact fthe three
LAY & D dnfleds arall?e%él l@g&mﬁ@fﬁA E%EnQ?aMSAL@E%? gjfﬁ %% cond

and US20020051808, of whi are i1 ncorp
ropad ef seldpjiongfhage from each of Gretsin firserdvodiselecticns veas pamagdengainst

N nogl abul i n_.vari abl e i N ol i, de y be
R i B R T S RIS AR5t
re€ibldé@nint@en a6 BSSUAA MU @ erbiubl e1529 Edu@ing ihhS o &P BPQHDL 2

(and other ingredients, if desired) nmay al so be
ropp pRbecdigns. nineapl eeseorfies dhe sespied tougeé pasdlection g8 wlanes were tested

o PRSI By s g AL AL ST ek
scBd fiiapmshs dly/iHENisdnhg of Ve odISnABI01. 0©96:267:83-109 and standard
ELISA protocol was followed (Hoogenboom et al., 1991, Nucleic Acids Res. 19: 4133)
except that 2% tween PBS was used as a blocking buffer and bound dAbs were detected
with either protein L-HRP (Sigma) (for the Vks) and protein A -HRP (Amersham

Pharmacia Biotech) (for the Vgs).

dAbs that gave a signal above background indicating binding to MSA, HSA or
both were tested in ELISA insoluble form for binding to plastic alone but all were
specific for serum albumin. Clones were then sequenced (see table below) revealing that

21 unique dAb sequences had been identified . The minimum similarity between the Vi
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i ncorporated with excipients and used in the form of
i ngestible tablets, buccal tablets, troches, capsules,
W@Pb00%i083572 suspensi ons, syrups, wafers, and thePCT/k82003004253
adm ni ster a conpound of the invention by other than
parenteral admnistration, it may be necessary to coat
the conpound with, or co-adm nister the conpound mﬁth
naterlal to prevent &ts ihactivation. Additio

Wsé@ﬁﬁ@@m B8R ”i(QUBYRs T0RCiesBTuAl e alt o fiWérSIﬁed
GRS éhgf'é &a saE4rhél@ @JQ? brimufh sghﬁ‘lghﬁ/ between the Vg
I nmunog ria omai n polypeptide 1's
dé\d»fcﬂwrmslsalbetddwas B4 86d(1Q7/136a80M)i stered with one or
nore additional therapeutic agents For exanple, a -

b SOV Srda GBI ELTA T CORPRR Rt oLy e
b1t Qnal geh o font e HYTRA 686! (h@ﬂqﬁﬁe)swﬁ@fomlowleld except

anti bodi es that bind other cytokines or that” bind
that treeelel Stoplateuvassyoated with bie/mkpipttie L (&réh@wms) and 1pg/ml
?&f&glﬂ P the%"I Cpi ﬁ% n@)tlé ﬁﬂbt\ﬁﬁr et Y <&t 1on as 1n the protocol
ower sage§{oP & Adm nistere erapeu?lc ag

ahd detecrionl wasgitlp bivsinplated VS A HIS and stf-@fai'hdlﬁ HRR) Iﬁle blotmylated
aSSOCIated wi th the various, nonot herapi es.

Pich Eldt h%dalreea PreRgEdtaceRtdingsto ﬁlﬁ‘emawwwee f msﬁwcﬂons with the
e i
clomauweg! 1d&:ntiﬁed th!ai rcagtioted bilatimyilatedpMISp Epini snihltloﬁ in the ELISA (Table

LyGbFP 8L Eiove (et dged o belsiy Hpreeprs Hrictipnagd F L Rexl e

aRge %ﬁﬂ%&‘ted %& tﬁah bRy 1 th bEnIRRIAT GshddtBT ARRTM BiA&pd! birface
A therapeutically effective anount of the single

plasmon oggooindei(BPRhehipb Eightl olenesw ere lfgweithatdwund WS4 oy the Biacore
Caccordlng to factors such as the di sease state, age,
'Bx, and wei ght of the individual, and the ability of
the single i munogl obulin variable domai n pol ypepti de
to elicit a desired response in the individual. A
therapeutically effective amount is also one in which
any toxic or detrinental effects of the antibody or
anti body portion are outwei ghed by the therapeutically
beneficial effects. A "prophylactically effective
anmount” refers to an anmount effective, at dosages and
for periods of tine necessary, to achieve the desired
prophylactic result. Typically, because a prophylactic
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anmount .
opti mum de
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i C response).
sever al

For exanpl e,
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Dosage regi nens may be adjusted to provide the

a therapeutic or
a single bolus
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captpree eX|genC|es of the therapeutic situation.
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ion and ™
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conpound gahgul ated to progucgst he dg@hf@gwgherapeutic

ef f ect
2,4,0M15 | ex .
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understog%g%%at for any pggﬁ

e eferably 1-10
A

It is to be noted

b&nﬁ@ be further

Ject specific
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of the admmmkstering clinkgdmns The ebfrxvaey of
treatment with a single i munogl obulin variable domain
13,190l ypept isde RsNUesri bed g &l Noi §05 gelyee Moy Whe

skilled clinician on the basis of 71i

or nore

30, 3€h sorder lefgg J.reat ed.

I NCrease or decrease

bei ng nmeagsyfed) in one orgfELEsclinig
"effective treatnent,

consi der ed
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I ng upon

rovenent in one
i ndi cEVTES of thQSg‘rY?géqée state or
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I@chators i's

" al though greater

19, i npr ovenenb sipawe poef erreskp musdt ast 2694p 30%1140%
50% 75% 90% or even 100% or, dependi ng upon the
i ndi cat olWBER ng neasur ed, HA#HE@S t han QOTEET g. ,
I~ two-fold, three-fold, ten-fold, etc., up to and
* nC| Ud? nﬁE%tIPaIfOnnJe‘lﬁt Of aSEQ ID NO: 114 SEQ ID NO: 115
FRYLA HASHLQS QORLLYPKT
23, K SEQ ID NO: 116 SEQ ID NO: 117 SEQ ID NO: 118
FYHLA PASKLQS QQRARWPRT
24, K SEQ ID NO: 119 SEQ ID NO: 120 SEQ ID NO: 121
IWHLN RASRLQS QOVARVPRT
31, K SEQ ID NO: 122 SEQ ID NO:123 SEQ ID NO: 124
© YRYLR KASSLQS QQYVGYPRT
33, K SEQ ID NO: 125 SEQ ID NO: 126 SEQ ID NO: 127
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di sease-free state. Indicators can be physica
nmeasurenents, e.g., enzyne, cytokine, growmh factor or
woreaoalosdsit e | evel s, rate of cell growth or cel PCHE&BRGVA/004253
or the presence or anmount of abnormal cells. One can
al so neasure, for exanple, differences in the anount
of tinme between flare-ups of synptons of the disease
or disorder (e.g., for remtting/relapsing diseases,
such as mul%¥PKe scl erosi s).NA%lll%ér nat | \QQF";Q/YYPIT
on- phyS|caI nmeasur enents, such as. 8

feduct i oh i ﬁﬁiﬂoo}zdlscon?%%fDor:o%%%ggrg&mcdfor of
di sease statys.can be reli egﬁ*&%g to gauesRe

effectlveness of treatnent ere nonphysi ca
. sBEasur enentsoafendee, vari ests 1€ hbninealsky raqeeptsabl e

scal es or indices can be used, for exanple, the
Crohn's Di serss8 Activity | naesgLesr CDARQVBB¥RTet a
1976, Gastroenterol ogyW 439), which conbi nes both
15hysi cal i ndRcE B's13%uch aémhé%ﬁPo&??FE%ﬁaTPhéjﬁunﬁér
of liquid ry soft stoo ng o th

e <10 S L%SRL?E(D 9 é@ Arrpr

patient-reported factors suc the severity of
1dbdoni nak PRl POko.CLATPI NY gRd:gepLnd Welh-eing, to
aSS|gn a dlsease score. As the termis used herein,
"prophyl axisyrper f or med usi NgssA.060NPOS IQDRLHWPARS
described herein is "effective"” if the onset or
13ever i t yk of SEQn® ©9: hr e SynpROMS NPs LéfelSBy 8 19F educded

by at | east 10% or abolished, relative to such
synpt oms | FR¥E ni | ar i ndi vARREELS ( hurmARHFYZAT nal

1gedel ) ”19t eﬁtargeatﬁ%uﬂath thesfo?mé'ﬁhpgmp‘%%ptﬁg v

anlnal nan di sease can be use assess
the efflcaqﬁmgk a single i mgadyegkobul i &gﬁﬁgple
domai n pol ypepti de as descri bed herein ?or t reat nent
16y21pr ophy| asgbSroofio:ar1 4 seases@y 1flinsondekeg Exaiplies of
such di sease nodel s include, for exanple: a guinea pig
nodel for &¥HeKgi ¢ ast hma a¥AREQEr i bed CBYRESEROI e et

al 1995, Am . Respir. Cell Biol. 13: 133-143; an
230f mal Wb B Nul4d pl e s@#%?%§?315%§§%FPﬁ@nﬂéF v

aut oi rmune phal onyeliti :
i nduced |n!§&%gnber of specﬁes e g., 8§|nea p|g

20 Suckling efnsaly 40,1984, LabgedARl W: 185 sAb18%b: e s
r'at (Feurer et al., 721985, J. Neuroi mmunol. 10:
159-166), rmsbkts (Brenner misvabs, 198%pwviwswyrJ. Med.
Sci. 21: 945-949), and mce (Zanvil et al., 1985,
Sfiat ur e 34.7:SE@5%-858)55 ani nafEOTHIEP S LkO1E% TP wo: 157V

7+
)

VH library 1

(and 2) KXXYXXX XIXKXCXXTXYADSVKG — XXXX (XXXX) FDY

template

(dummy) H sEQ ID NO: 158SEQ ID NO: 159 SEQ ID NO: 160
WVYQMD SISAFGAKTLYADSVKG LSGKEDY

8,10 H seEQ ID NO: 161SEQ ID NO: 162 SEQ ID NO: 163
WSYQMT SISSFGSSTLYADSVKG GRDHNYSLFDY

36, H sEQ 1D NO: 164SEQ ID NO: 165 SEQ ID NO: 166
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the art for diabetes, including nodels for both
i nsul i n-dependent di abetes nellitus (EDDM and
woewsiosssat | n- dependent di abetes nel i tus (N DOMT/GB2004/004253
exanpl es include the non-obese diabetic (NOD) nouse
(e.g., Li et al., 1994, Proc. Natl. Acad. Sci. U S A
9 1 11128-11132), the BB/ DP rat (Ckwueze et al., 1994,
266: R572-R577), star fatt

( Ji ain éfh s,sels ?ﬂq@@&ewqrﬁf were @%téﬁa% Sphtﬁg\r% 0%551 tlYeaqparespondmg
ﬂéﬁlﬁ&{ce%ﬁﬁ %Ne?sﬂfy% HYe @BRS Qgﬁﬁltﬁﬁed&lh the t%@l%%bowper oc.

cad U 1087/8- ); ani mal
nDdeIs for Erostate dlsease (Lometh et aI , 1990, Vet.
Pat hé).thegig Galcmesst%t bomedMSA pothediineare skipetsilenes that are

B8R 5 Bk A RSB RS R B TR sy
(b9 Famlpddn). Pl FiclSstide A amARBa 8% ugiiléts B MISAl 6 @ahd 26 are given
1990, Jpn. . Exp. Med. 60: 315-318 nephrotic

isfiggedre (Qgura e tal, 1989, Lab. Anim 23: 169-174):

aut oi mmune thyroiditis (Dietrich et al., 1989, Lab.

E@%\Eqi%eﬂg%t%ﬁna Afcag ﬂgétlﬂf ée&ﬁgh%ffgfg{éjhl 1&% %&\?&Albmdlng

dghsﬁlSAI@mﬁEMﬁﬂﬁﬁand et al., 1990, Infect. Immnity
58: 1763-1768); proteinurialki dney gl onmer ul ar-. def ect

b1 T oRa5S M A aek VSR iesp kPl i thd BortiAet Gorol il purified
uéslﬁ%ﬂ&ch ﬁﬂéo@lﬁﬂirﬁo@rot@ﬂn L-ad&8% afﬁhit;mres fitdch Q{I&ﬁéva? followed by

375; Adel -Patient et al. nmunol

elptign with ghgeingatindy ma Tée patified slébswemfhen anviped By unhﬂ'aition
i sbiion HeomBRs Qo Btmeas,. Ry ralBE VS Alant Msa26 wer

telsféﬂlﬂ@ Aéternlin® ihe'iﬁﬁaerﬁﬁﬁ&n oSaay Uécfimeﬂ t@hchievEPPORUs o¥@ésponse on

9. 903; Takeshi t t al 1997, Exp
a Moo Gbis™ &BRiehuy conl BOhHEh dansity AbVISL RICa tha oavired

oo iatigns Bt 0,58 Bnd B IBR Blincgt Ris St abR14B o boentrations

aralind theBBectdeKy wharpnenoked withrtheaired 4ol dmcﬁlﬁtedgﬂfeﬂrﬂgg Binding of
| k ., Lab . 92: 932-94

déﬁ e drisAoied é%%‘echerdneqaaéhﬁ%h@tpfgmxes Vegthen S@&ﬁ&e‘)i at a high

ﬂ@@srﬁtre(b?@b %ﬂ/%lnutgu ﬁﬁe re%aﬁmg%%r\}kg @vere%steﬁ‘@@ erf):%e @btz plotls which

orne et
ga@% es@mated szrf @0018\21 fOQmPQIM@@ El)eandamnhvhforﬂ@ﬂm% (Flgure 6).
are knomn to those skilled |n the art Wher eas t he

3;22#1? g@}{gsogﬂsg%l b M@&@ Wete clonba iftoRR hgl e&B egsmn veéctor with the
HA tag (nucleic acid sequence: TATCCTTATGATGTTCCTGATTATGCA (SEQ ID
NO: 167) and amino acid sequence: YPYDVPDYA (SEQ ID NO: 168)) and 2-10 mg

quantities were expressed in E. coli and purified from the supernatant with protein L-

agarose affinity resin (Affitech, Norway) and eluted with glycine at pH 2.2. Serum half
life of the dAbs was determined in mouse. MSA26 and MSA16 were dosed as single i.v.

injections at approx 1.5mg/kg into CD1 mice. Analysis of serum levels was by goat anti-

HA (Abcam, UK) capture and protein L-HRP (invitrogen) detection ELISA which was
blocked with 4% Marvel. Washing was with 0.05% Tween PBS. Standard curves of

known concentrations of dAb were set up in the presence of 1x mouse serum to ensure
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herein nust bind a human antigen with high affinity,
where one is to evaluate its effect in an ani mal nodel

W@ 5085571 he pol ypeptide nust cross-react w t hPOREBRI04/004253
nore antigens in the ani mal nodel system preferably

“at high affinity. One of skill in the art can readily
73determine if this condition is satisfied for a given

c@ﬁipe”g‘;‘a&wg?%@%‘?%&%@a Msdleling Wi AL Comranemogel showed
M8hLES a[%da t&m@oﬁf fctq; Ly /9 oft RS hﬂ&l ﬁaem&%qhgam PAUC) of

.varia omai n pol ypepti de can be exam ne
A& mg&bledatagiok shaven)and M8 A b haddel/2and 89800 racll/l‘ZB 0h36.5hr and

o € A G g 4 s D B PO BSOS LG SR T genEthened
Harmffw&ﬁs-med w@ﬁ%ﬁ-ﬁ@n%ﬁm@nee % whRl 196d4 9R @Ib) Svhich had a t1/2a

l ection of sing domai n anti bodi es {dAbs) “directed
OéQd]6hstandlan’dr‘2l?5@rQJ3ﬁmu bumi n (HSA) and nouse serum
al bum n (MSA). The generation of a library of V or

i.th . d d i :
SRRl 4TSRS BB e ER s Rarnide
spacifiefRmenege Iyeryho aNmehi iNFEReqptf singl e domain

anti bodi es specific for HSA and MSA, the sanme approach

was used to enerate the following three different
| i br d¥ pegbered singhuisaguenglebulin yarieble demainodvasnidss thgbind hen

AR e -

sBflithr 46 t1R6desREiBedin Ekbiple V. RS BIET Nshetidicdad DR R adtftor dAbs
JH4b or VK (see Fi gure 3: sequence of dumy VKbased

etibet DK AR -baeyl Wai litharyi @nad b AINF -dudﬁéxsswrgudentlﬁed from
ded .b | neor por at i n,.compl errent
é(tcloolr rPaﬁegd\l ?@?g%sq% ehc o&c %?qli nces are

ptovidasaFigire ¥3- 23/ DP47 and JH4h; see Fi gure 1):
Diversity at positions: H30, H31, H33, H35, H50, H52,

H52a, H53, H55, H56, H58, H95, HI7, HO8. Library size:
Egample 4 09imrigatiery oD e snssifiscinghe pampryghpintingrasiabledpmain
1ee Fté%gre 2):

Homodimers of the single immunoglobulin variable domain polypeptides
described herein can increase the antigen binding strength of the polypeptides, most
likely through the avidity effect. This was investigated by homodimerization of the
TAR1-5-19 dAb isolated as described above and provided in Figure 8.

The TAR1-5-19 dAb was engineered to have a free cysteine at its C terminus.
Expression of the cysteine-modified dAb in E. coli resulted in a mixture of monomeric

and dimeric (disulfide-bonded) forms.

The following oligonucleotides were used to specifically PCR TAR1-5-19 with a

Sall and BamHI sites for cloning and also to introduce a C-terminal cysteine residue

Forward primer
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30

Diversity at positions: H30, H31, H33, H35, H50, H52,

H52a, H53, H55, H56, H58, H95, H97, HI98, H99, H OO
wok@Oa3ssiH OCb. 74Li brary size: 4.3 x 109 Li br apgT/8BE0dH/004253

based on O12/ 2/ DPK9 and J | ; see Figure 3):

Diversity at positions: L30, L31, L32, L34, L50, L53,

L91, L92, L93, L94, L96 Library size: 9 The and

ri es have be electe

y&ﬁ%‘?ﬁ B Gaharhress e G bk At TekgRard 750 MO
8 that the majority of clones in the unselected

l'ibraries are functional. The sizes of the libraries

Retvousm pEbGVe correspond to the sizes after

presel ecti on. Two rounds of selection were perforned

561 T UAGAIBEEAT QST TAT EACK AGCERET GATTIAIG@SC-3° (SEQ ID NO:

1§6parately. For each selection, antigen was coated on

i mrunot ube (nunc) in 4nm of PBS at a concentration of
lOOmg/m. In the first round of selection, each of

the three libraries was panned separately agai nst HSA
(Sigm) and MSA (Sigma). In the second round of

sel ection, phage fromeach of the six first round

sel ecti ons wasapanned against (i) the same antigen

again (eg t round MSA,  2nd round MSA) and (ii) agai nst

the reciprocal™™anti gen (eg 1st round MSA, 2nd round

HSA) rﬁ%l'gel IADagSérnI‘h§ AL;QI ﬂL Ggrf MJ‘!:V\ﬁL \691 g&dl?rg %glnger Leu Ser Ala Ser
sel ectvaans. I n each case, after the second round of

sel ection 48 clones were tested for binding to HSA and
VBA. SBEUSE ECUMS ¥°F St ¢ weT &b dtic&d &S TteSCrichb&ep TcT o

for schy fr agnentse Ry, Hardk %Q@TeetGTelA@A é@tAaQ%A ERZYIREr nea car
1996; 267: 83-109 and standard ELI SA protocol was

fol |l oned (Hoogenboom et ah, 1991, Nucl eic Acids Res.
19: 4133) except that 2% tween PBS was used as a
bl ocki fg uPrer ditt THoli FvE Ais et Ctefect @ @SR tohry> beu His Trp

el £ herGGQrGgé @J‘,‘Tn(;'llc AHBFA)T(,( §TgIr(‘£P')CGG( SCQrAGI' Ia& VJé%%I‘T %KIIdACH';'IQ.&' %I.FPDCAT TGG

P (Amer sham Phar maci a Bi ot ech) (for
dAbs t&matCTcgaaAecAa 156 gEabcaabovve Fackgreound tandiCatri Arg AsT cTa AcC
bi nding to MSA, HSA or both were tested in ELISA
i nsoluble formfor binding to plastic al one but al

wer e Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ser Ala Ser Glu Leu Gln

121 TAC CAG CAG AAA CCA GGG AAA GCC CCT AAG CTC CTG ATC TAT AGT GCA TCC GAG TTG CRA

ATG GTC GTC TTT GGT CCC TTT CGG GGA TTC GAG GAC TAG ATA TCA CGT AGG CTC AAC GTT

Ser Gly Val Pro Ser Brg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
181 AGT GGG GTC CCA TCA CGT TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC ATC

TCA CCC CAG GGT AGT GCA AAG TCA CCG TCA CCT AGA CCC TGT CTA AAG TGA GAG TGG TAG

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Val Trp Arg Pro
241 AGC AGT CTG CAA CCT GAA GAT TTT GCT ACG TAC TAC TGT CRA CAG GTT GTG TGG CGT CCT
TCG TCA GAC GTT GGA CTT CTA AAA CGA TGC ATG ATG ACA GTT GTC CAA CAC ACC GCA GGA

BamHI

A s o i e
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specific for serumal bumn. C ones were then sequenced
(see table below) revealing that uni que dAb sequences

whawshzsm i dentified . The minimumsimlarity PEr/GB204/004253

the VK 75dAb cl ones sel ected was 86.25% ((69/80)x 100
-the result when all the diversified residues are
d!fflerent, g.g cl ones 24 and 34) . The m ni num
simlarity bet e, dAb. ¢l.0 £ L WS« 9% Yoser
((127/Pf§§ X .%er\lté%t?h t egsle%lg%lilg u%]ﬁ:gbi ndi ngslgibsmy
Wel € t-asthed ricodec tchebds abizhé tye ¢a0 rcapiaurce The ofa Tk aPRdCC o6C
antigen fromsolution. The ELI SA protocol (as above)A

was f ofak Gk 8RoeSee St CEnEEE TEhEAEET SA° pi%at’e Afas™ chat st *e ¢

TR (BRI  enc

fromsolution as in the protocol and detection was
with biotinylated MSA or HSA and streptavidin HRP. The

bi oti nyl ated MSA and HSA had been d '
R b GRS aRRaT P, 0.4um

chievin n 0 i Otd ' .
ofrbabrtr Sheih ogrSop ot R RE0, PR Aei i blaemia

2RlWE SARI-§hionvh 2besiNafd &2fins ghtithgdhe) ind the vElunB adjusted
(é(hTa%]ng 1). T\/\Bﬁo# theJ;e (cl ongi;&g andgglg) bel 0\?\/)V al so justecto
5 C@lpisingedertib otatary Tlat fotlowBiy PCRxonditibrs ek ysed initigledpnaiyring step

for their ability to bind A t

o¢86 o it e 25 PiRE 6 1 36 RO e 0] Mpag 73, °C or 30
| one . d j

o S50 B9 07 25 8 a1 Bt v

phiiféd i @Eeted vl Bnd BoiiT phaligsted/BA) tharvektoCBRichCpIRZ1s0

CDR3 bi acore? HSA? VK library 3 XXXLX XASXL(gS

bEDOTKRIThe st Esiction FAFMAE. Seryqt clonggyversy Safier Py R

se?q%ex%c‘:zi .I D NO 94 SSYLN RASPLQS QQTYSVPPT

Expression and purification of TAR1-5-19CYS

TAR1-5-19CYS vector was transformed into BL21 (DE3) pLysS chemically
competent cells (Novagen) following the manufacturer’s protocol. Cells carrying the dAb
plasmid were selected using 100pg/mL carbenicillin and 37pg/mL chloramphenicol.
Cultures were set up in 2L baffled flasks containing 500 mL of terrific broth (Sigma-
Aldrich), 100pg/mL carbenicillin and 37pug/mL chloramphenicol. The cultures were
grown at 30 °C at 200rpm to an O.D.sgo of 1-1.5 and then induced with 1mM IPTG
(isopropyl-B-D-thiogalactopyranoside, from Melford Laboratories). The expression of the
dAb was allowed to continue for 12-16 hrs at 30 °C. It was found that most of the dAb
was present in the culture media. Therefore, the cells were separated from the media by
centrifugation (8,000xg for 30 mins), and the supernatant was used to purify the dAb.

Per litre of supernatant, 30 mL of Protein L agarose (Affitech) was added and the dAb
allowed to batch bind with stirring for 2 hours. The resin was then allowed to settle
under gravity for a further hour before the supernatant was siphoned off. The agarose

was then packed into a XX 50 column (Amersham Phamacia) and was washed with 10
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2, 4, 7, 41, KSEQ| D NO 95 SEQID NO 96 SEQ ID NO
97 4 bind SSYLN RASPLQS QQTYRIPPT 38, 54 K SEQ | D NO
w@200SE35rD NO 99 SEQ I D NO 100 both bi nd FKSEEI/GB2004/004253
NASYLQS QQWWPVT 46, 47, 52, 56 K SEQ D NO 101 SEQ ID
- NO 102 SEQ ID NO 103 YYHLK KASTLQS QQVRKVPRT 13, 15 K
SEQ ID NO 104 SEQ ID NO 105 SEQ ID NO 106 RRYLK

coiR3 PR OL B Syl RO RASAR e sciuet i 100 TRy PR and
pré'%l coRbdihin %MC'[I&IJSLV@E@G‘HQC&%IIZ%&% v RitHASI 1S volume of 1 M

VYPKT K SEQ ID NO 113 SEQ ID NO 114 SEQ ID
TrH 8105 BeRYibrA omgmw@m%ntm@rmg of puisep e Wes isalagd, which

SEQ |.D L FYHLA PASKLQS QQRARWPRT
co E‘%Ed%(bmh&"% @Eﬁ% ;120 SEQ | b RO 12t
| WHLN RASRLQS QQVARVPRT 1, K SEQ ID NO 122 SEQ ID
NO 123 28H6h bDTHE@1-3-29C YR Yh e HABHORBIEMARIBHDCYS KnRFQ
ID NO 125 SEQ ID NO 126 SEQ ID NO 127 77LKYLK
%gHS%EQnI(&gﬂ%ﬁE’Icfl&ggﬁtoFgﬁlﬁ&QvR KAiSS \AdLBedi\B sep2BiteShhdmEds HOm .
NO LYYPQT 53, K SE
homqginyess. Pipr tpgation ngq@a@wﬁhg%{@d @%Owﬁmer Saimple was

blﬁéﬁ&%w ' mM sodium acetate buffer pH 4.0 using a PD-10 column

(Amersham Pharmacia), following the manufacturer’s guidelines. The sample was then

applied to a ImL Resource S cation exchange column (Amersham Pharmacia), which had
been pre-equilibrated with 50 mM sodium acetate pH 4.0. The monomer and dimer were

separated using the following salt gradient in 50 mM sodium acetate pH 4.0:

150 to 200 mM sodium chloride over 15 column volumes
200 to 450 mM sodium chloride over 10 column volumes
450 to 1000 mM sodium chloride over 15 column volumes

Fractions containing dimer only were identified using SDS-PAGE and then pooled and
the pH increased to 8 by the addition of 1/5 volume of 1M Tris pH 8.0.

In vitro functional binding assay: TNF receptor assay and cell assay

The affinity of the dimer for human TNFo was determined using the TNF receptor and
cell assay. ICsq in the receptor assay was approximately 0.3-0.8 nM; NDs, in the cell
assay was approximately 3-8 nM.

Other possible TAR1-5-19CYS dimer formats include, for example, PEG dimers
and custom synthetic maleimide dimers. Nektar (Shearwater) offer a range of bi-
maleimide PEGs [mPEG2-(MAL)2 or mPEG-(MAL)2] which would allow the monomer
to be formatted as a dimer, with a small linker separating the dAbs and both being linked
to a PEG ranging in size from 5 to 40 kDa. It has been shown that the 5kDa mPEG-
(MAL)2 (i.e., [TAR1-5-19]-Cys-maleimide-PEG x 2, wherein the maleimides are linked
together in the dimer) has an affinity in the TNF receptor assay of ~ 1-3 nM (data not
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11, KSEQI D NO 134 SEQI D NO 135 SEQI D NO 136
FRHLK AASRLQS QQVALYPKT 12, K SEQ I D NO 137 SEQI D

woRnsA3B7EEQ | D NO 139 RKYLR TASSLQS QONLFWPRIT/GB200K/ 004253

SEQI DNO 140 SEQI DNO 141 SEQ| D NO 142
RRYLN AASSLQS QQVLFYPKT 18, K SEQ | D NO 143 SEQ | D
NO 144 SEQ | D NO 145 | KHLK GASRLQS QQGARV\PQT 16 21
K SEQ | DNO 146 SEQI D NO 147 SEQ |

shopk Adtssmatoshoheriymrean ko g prodyeest Psipg NMM (ErlﬂZSEQ

raa%em%&éﬁf %ﬁ&l@?@%&é@%ﬁé@‘@%@ PR s

FKSLK NASYLQS QQWWPVT 55, K SEQ | D NO. 155 SEQ | D
NO.  VEGnSHEr bli@ndire, dﬁe?ca)ﬁl-prbdltase dlneydignlplidetliaked X Xsing 2

YADSVKG XXXX
chopchlsouplns Bracr meumééﬁélfg i Fiedst %%%x%}?@@ﬁﬁe reduced
PR R e
SRRIDANY S, EﬂhérIEleSbﬁE@etre D=NQo 11)668, $E9) 3, 4D5,I\KZDI 168 SEQ
cases the fr

FERRRR AN (55 MOV ASRREP RS FPRBRY SO g aflfsgd from e

1IBEAY 8NERAdoMy ﬂebtldé é’é?:lh%(;ey) dall b"eféﬁ%ﬁ%‘éd B&twicadl tl'féaiﬁﬁﬁaﬂd“the
the tabl e above. O the eight clones that bound MSA an

terhenadicgoine restdys; Thwgo*@lﬁdh@sbq 5ad tgmake dimers as described herein

above.

Example 5. Additional studies on single immuno globulih variable domain homodimers.

Dimerization was investigated where Vg and V. homodimers were created in a
dAb-linker-dAb format using flexible polypeptide linkers. Vectors were created in the
dAD linker-dAb format containing glycine-serine linkers of different lengths
3U:(GlysSer)s, 5U:(GlyaSer)s, 7U:(GlysSer);, Dimer libraries were created using guiding
dAbs upstream of the linker: TAR1-5 (Vk), TAR1-27(Vk), TAR2(Vy) or TARih-6(VK;
also referred to as DOM1h-6) and a library of corresponding second dAbs after the
linker. Using this method, novel dimeric dAbs were selected. The effect of dimerization
on antigen binding was determined by ELISA and BIAcore studies and in the cell and
receptor assays. Dimerization of both TAR1-5 and TAR1-27 resulted in significant

improvement in binding affinity and neutralisation levels.
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hi ghly expressed in E. coli (clones MSAl and MSA26)
were chosen for further study (see Exanple 2). Ful
woe@smestsizie and ami no aci d sequences for MSAl PCHOB2048/004253

are given in Figure 4. Exanple 2. Determ nation of
affinity and serumhalf-life in nouse of MSA-bi nding
dAbs MSAI 6 and MSA26. dAbs MSAI 6 and MSA26 were
expressed in the periplasmof E. coli and purified

bat ch absorbtion to protein L-agarose affinity
resin (Affitech, Norway) followed by elution with
gl ycikeLlbrangigenerationmrhe purifi ed dAbs were t hen
anal ysed by inhibition surface plasnon resonance to
det ermi ne BrYedtory, purified MSAI and MSA26 were tested
to determ ne the concentration of dAb required to

achi mﬁ@fgﬂ@,mﬁmwraeé pEBsA&LbﬁecéorBW@&@eélm tq imjroppee the

‘ﬁ@ﬂj Sliltrclg%teg%ﬁé\%ﬁ P?Igp? Wgtfxr%%%%)(h ?%Jk%{‘s gﬁpﬁt tP%? ggDA3U sense

a'i{@ﬁqlﬂ@&ﬂﬁ gn-take Paif SRGEliGerCRBRRMhEASd Woisg a‘aElOWftdmbilﬁlg program
expect ed Was f{m?m xed with the dAb and incubated

(8% &r-pimigtst 80°Br Himning 7 Cdfiﬁﬂ% 56?%1§}Bm8c%?a{3éalt1§m)é%bﬁbffer

RS NI NP ST PG St 1)l o
rosecidnaites. ehelitdtend encphpihsed BGHhSga veitamdes stivffat regionthoused

heR1RgaISa oyt e CIOTRIECHIES. OB SRICREIRs SEED ef pipugmere

405988 SKPEESST SIS U 0 U e
slopodamy] agdh heesaitidn ste aeha amyBMB\RD¥ o @E@t it 1&gion out of

(%?2%8}? ‘%ﬁh‘%nlgq é&él’icl) %%&%b@?ﬁ%@ﬁ?gﬁ ad gﬁdqu&qﬂ %16 length of the

lfnﬁ&%ﬁr&fﬁmﬁf $veRlappin '_P %ﬁg@-hhl%rﬁ nleBs dosighed eriehclaebt&Y, birdled and
glycine at™ p Serum hal f Tife of the dAbs

elrgattd usingiklenpw.nTho fregmensye ehwnﬁsm ang digspted yeins dho
as_si.n nj.ecti.ons..at .a
oot ARy ool Sy i 0D tpd VBl S ictioh Syge”
(Abeam UK) capture and protein L- HRP (| nV|trogen)
detecti on ELI SA which was bl ocked with 4% Marvel .
Washi ng was with 0.05% Tween PBS. Standard curves of
known concenfrations of dAb were set up in the
presence of K nouse serumt Qin&SUr e

Ncol Xhol —39__ Sall —— Not1

7U
Stuffer 1 Stuffer 2

2. Library preparation

The N-terminal V gene corresponding to the guiding dAb was cloned upstream of
the linker using Ncol and Xhol restriction sites. Vy genes have existing compatible sites,
however cloning V, genes required the introduction of suitable restriction sites. This was
achieved by using modifying PCR primers (VK-DLIBF: 5’
CGGCCATGGCGTCAACGGACAT (SEQ ID NO: 173); VKXholR: 5’
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79conparability with the test sanples. Mddeling with a

2 conpartnent nodel showed MSA-26 had a tl/2 a of
wW@2®6/083572 t1/2 b of 14.5hr and an area under POEGB0MO04253

(AUC) of 465hr.nmg/mM (data not shown) and MSA-16 had a

tl/2 aof 0.98hr, a tl/2 b of 36.5hr and an AUC of

913hr.nmg/mM (Figure 7). Both anti-MSA cl ones had

ARG IR T2 s nb DS RADER Moyt P

a%g‘lé’iﬁﬁc_ i@ Wing ﬁ,‘Z‘Qf&inﬁ(Hrg 0PSB erPaPrBioket RANbS, ﬁtd?aend pfu turbo

ntification of single inmmunogl obulin_varla.b. _
(Bostagenep Aypepintaies! thpdicof site 4tdhe Hemdewjyle desivoying the adjacent

TINF-a and T eptor, ., ugber, of si.nal .
SR s oS BE PR site & BF B v BiPE os e glongg into
eh@IoBEE 31d¥ReZYETRré: AR 1-5 TVEY, & Aa0d2 ANE), Regent/gs, {ARi-6 (V,, also

were identified fromdAb Tibraries simlar to those
refesed tobasd ONM 1Ex@rgnd & AR2LEFAE/ Hitto sfewdftd s BOIMIING). All constructs

Rece%t#or dAbs were identified froma DP47-based V
Wer gy etiied bygdpenee #REYSIS-dabs were identified from a

l'ibrary based on DPK9. Representative nucleic acid and

am UQ{a%ﬁigdcl&%aHﬁ@ gﬁﬁir@r@xﬂér@gﬂréh%i of he finB&Hi8 ech cﬁ"tﬁé"ﬂé&ors

4 Dinmerization of TNF-a specific single inmunoglobulin

(W3 S0 b BORY e JEAR HOTOA)TEAR200) T AEMGA,) o
1 nmun obul | varil a omal ept i S escCr.l pneq,
AT PRI DR e FDSHEI g o i [0 Pl gaghigre (s, the

cbﬂﬂ?liﬁ@h PAD UBfaricEWete PAK @lnplitiBa BB HHABE r@¥i&ed Yrom round 1
effect. This was investigated by honodi neri zati on of

s¢lbationARS eithet @ \dAbrayaganetINE-od@s epprbrithatdip e M diversity after
provided in Fjgur . The TAR -5- 9 dAb was i ,
IR ot Aol s TAR T oo e wiing DS 9t B bVmiihrisy ageins
jogd ¢ . i il . )
PrATFRERR ab R nftel 3 R ROk b PRl i AR2 or TARZD
6 (rebipsctivielylgre Mo ghe ding fddbaeF or N elitiratiésMER gmplification was conducted

ol i gonucl eoti des were used to _specifically PCR
ustagprimergin O gycles ShPER amplifigation wiinga 2flgpixgyre of Agpehad and pfi

aftheOVk gibgﬁegggygﬁcﬁ SRRk PRSI GaL S il uce a Sall
restriction site at the 5 end of the gene. The dAb library PCRs were digested with the

appropriate restriction enzymes, ligated into the corresponding vectors downstream of the
linker, using Sall/Notl restriction sites and electroporated into freshly prepared
competent TG1 cells.

i

The titres achieved for each library are as follows:

TAR1-5: pEDA3U = 4x10®, pEDASU = 8x10", pEDA7U = 1x10°
TAR1-27: pEDA3U = 6.2x10%, pEDASU = 1x10%, pEDA7U = 1x10°
TAR2: pEDA3U = 4x107, pEDASU =2 x 10%, pEDA7U = 8x10’
TAR2h-6: pEDA3U = 7.4x10%, pEDASU = 1.2 x 10%, pEDA7U = 2.2x10°
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805" - TGGAGCGCGT CGACGGACATCCAGATGACCCAGICTCCA- S ( SEQ
I D NO 169) Reverse priner

W®2005D3CCACCCCGATCCTTATTAGCACCGTTTGATTTCCAC- S' P(BER2(4/004253

NO 170) sail Trp Ser Ala Ser Thr Asp* lie G n Mt Thr

"Adn Ser Pro Ser Ser Leu Ser Ala Ser Val 1 TGG AGC GCG -

TCG ACG GAC ATC CAG ATG ACC CAG TCT CCA TCC TCT CTG
% CT GTA ACC TCG CGC AGC TGC CTG TAG GIC TAC
AGG AGA GAC AGA CGT AGA CAT Gy Asp
Arg Val Tg { E Thr Cys Arg Ala Ser G n Ser lie Asp
Ser Tyr “%Trp 61 GGA GAC CGT GIC ACC ATC ACT TGC
CGG GCA AGT CAG AGC ATT GAT AGT TAT TTA CAT TGG CCT
G Gelkctions eis cvndyctadasiteduarn BEio Péﬁﬁl‘@b@@@i opsmmunotubes.

Tﬁg B0 POE oA 2o il Feboifhfe frol o »
BlA@y %%Mr@%t% {Gath C9mIANaheT: ugg@aﬁﬂ_ n. The
TAT AGTGCATCC GAG TTG ATG GIC GIC 1T

immpneisbecEaretien wadedAdimsavifTABY end @tgvkmtm&brmﬂ@owder in

B 3 S SN S B o
26T P&V ASTn BBS AGTnEuGated @I rooGeApAr atukd fdi%rﬁ@heﬁﬁﬁes are then

WA 1R soF Aboplaes CNGAGH B esi-B85. Thisoasketion

@ﬁtggl %e@%ﬁv%@% %rﬁ%{ﬁ@% 5(%&_{1 gﬁa ag&g g&é}ﬁﬁ@l}o@ﬁelecuons

W@«Eﬁa'ﬂ%ﬁ c'i'quGn Tlﬁhuﬁétﬁbéﬁﬁt&@ﬂﬁrﬁfﬁ“m c6ied gl aGor %g/ml with
AAA CGA TGC ATG ATG ACA GIT GTI

2@;&‘\{&3@&@ R@é @%T@@ﬂn BARLiceRs g dnfPefed prd thy 91ut9dmh@6yand the

i neg el BloclEil SRS MBIRT 1991 DsSR7eiaRt ek Rhmann
el TABBiTubeniizity. G293 RGE 3EBC(MRSTEESPAG CCG GTT CCC TGG
TTC CAC CTT TAG TTT GCC ACG ATT ATT CCT AGG CCG

The titres recovered were:

pEDA3U = 2.8x107 (1pg/ml TNF) 1.5x10° (20pg/mlTNF),
pEDASU = 1.8x107 (1pg/ml TNF), 1.6x10® (20pg/ml TNF)
pEDA7U = 8x10° (1pg/ml TNF), 7x107 (20pg/ml TNEF).

The second round selections were carried out using 3 different methods:

1. Inimmunotubes, 20 washes with overnight incubation followed by a further 10

washes.

2. In immunotubes, 20 washes followed by 1hr incubation at RT in wash buffer with
(1pg/ml TNF-oo) and 10 further washes.

3. Selection on streptavidin beads using 33 pmoles biotinylated human TNFc.
Single clones from round 2 selections were picked into 96 well plates and crude

supernatant preps were made in 2ml 96 well plate format.
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(SEQ I D Nos: 171 (nucleotide) , 172 (am no acid);
start of TAR1l-5-19CYS sequence) The PCR reaction (50m
wao etoansp7mwas set up as foll ows: 200mM ANTP' s, BCHEGBR@f/004253
each prinmer, 5 mof 10x P/wrlurbo buffer (Stratagene),
100 ng of tenplate plasm d (encodi ng TARL-5-19), m of
P/ wTur bo enzynme (Stratagene) and the vol une adjusted
50m using sterile water. The foll ow ng PCR

Tff‘g}?d%tions were used: initial denaturing step 94 C for
2 mns_then 25 cycles of 94 C for 30 sees, 64 C for

30 sec and|ReundfoiNB3o Bemd 2 fi na| Rewidbhsi on sRewdids
al so i ncl ugednohurk@ul® festeciomi ns. [THRCAHOR pr odpgsiechias
purified andoaimgest ed minttho&di | angmBtheBl2 and | ingtivdd
into the veecbmenwhii@h had al so beep cut with the sane
restriction enzynes. Correct clones were verifjed by

pEMmquen:uug/mlJ Expriessitoh and pur8ixi metion pf4x10™
TARL- 5- 19CYS TARL- 5- 19(CYS vector was transforned into

BABT DE3) gg,xgr/gﬂchem CeH 1§ COMPET FITR xCR™S (NOy §YETHr”

follow ng 1 nufactiurer's protogol. Cells carrying
+ AAl il v Al aame A oAl A Af Al i A L Y Yo ! nd

Sbtj"\u P a9lll WCT T 75 SU UST 11T 1 FYr 1T TU
PEREShi ci | | RN 37ng/c9n%‘§kI hi oranphle'ﬁ?igfo Caul pub &
were set up | n-—2 baff.Legdi.Lﬂgks copl-ai-nriRg—5001nil of;
PERASY i ¢ bt AW/ gni -0 AKdPi ch), 1o gin | 28x10
carhenicillin and 37my/ M _ch| oranpheni caol The

PEDATH es welegtlown at] Bdxd0at 200F bt} an O [ xdBof
1-1.5 and then induced with InM I PTG (i sopropyl -

pBDBAhi ogal 2@agmir anos|ilde 10T r om Me| $ 8rl@” Labor aft bb xd9)".
The expresgion of the |[dAb was al |l omwed to cont ﬂnue for
12-16 hrs at 30 C. It was found that nost of the dAb
was present in the culture nedia. Therefore, the cells
wer e FeePARALEN sélectionk herdeatied byt ac dvdckibbd prdvicaRly with the
(8,000Xg for .30 m ns), and the supernatant was used to
follepyipg modiicgiipns. phg firstroundselestions were gerried gt in iggmunotubes

. ; . _ .

oEhPY T MPSZCSRE LT Lol S0 AR green

The s¢dandasunidzelecidsonerd chidied @it indmunahetubes asthg 20 xakhe with
further hour before the supernatant was siphoned off.

ov¢eizaberRabiondRllewiehbya fiigr 2higshes gl clestes fipm round 2
sS1ETRNLS B ﬁ@l@e@?’iﬁ{o@6 #eg plRR MAShEd sﬁ‘ﬁérﬂatant preps were made in 2ml

96 well plate format.
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82col um vol unes of PBS. The bound dAb was eluted wth
100mM gl ycine p 2.0 and protein containing fractions

wWowrs/0s3sen neutral i zed by the addition of 1/5 RCI/GBe008004253

IMTris pH 8.0. Per litre of culture supernatant, 20 g

of pure protein was isolated, which contained a 50:50

rati o of nononer to diner.

Separation of TARLl-5-19CYS

nmonomer from the TARL-5-19CYS di mer Cation exchange
TR baativgs agstey follesviised to separate nonomers from

honodi ners.

Prior to cation exchange separation,

th

e
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50 nmM sodi L
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melime
contarning d
E and then po

qre-ggd

hi gkilfé)ﬁiu over—
i mer only were
lad and the
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pH 8.0. In

80BsHY t he adq
vitro functi of

P BR00f 1/

1al binding a

Yo

of MT
ssav:.. TNE

ris

PESYEPY or  as

dinmer for |

s dag/mind cel | 3
wunman TNFa was

30y 1hhe af f

determ ned u

i hEE)” of the
sing the TNF

pEEERS or  af

was appr oxi

1Q0peiil assay.

7650°i n t he

mately 0. 3-0. §

3 nM ND50 in

r bdaptOor assay

the cell ass4a

y

was approxi mtely 3-8 nM O her possible TARL-5-19CYS

dimer formats include, for exanple, PEG diners and

cust om sy hgsiTNFRl ei m de di mers. Nektar (Shearwater)
. offer a range of binaleimde PEG [nPE&-(MAL)2 or

MPEGY:Makided widiceRduwpdd disaliiafiat BEscHBETR Fhel MUENF binders,

formatted as a diner, with a small |inker separating,

using PAATNERds etrepieAntigen. i hrwads of seleotians wergicagiqdput in
iﬁé&o&%gy U.Ssll’lé 81&?&9 15%‘11 pIStS ltﬁﬁR QF 'Ie(ﬂ,tgshtﬁ?% HQI%R \Lﬂﬁ 28 %es in
PBS 0.1%Tween with overnight incubation followed by a further 20 washes. Single
clones from round 2 and 3 selections were picked into 96 well plates and crude
supernatant preps were made in 2ml 96 well plate format. Resulting anti-p55 TNFR

dAbs are referred to using the nomenclature prefix “TAR2.”
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[ TAR

in

-5-19] - Cys-nal ei m de- PEG x 2,

t he

waleevsysshas an affinity in the TNF recept or asBEGBR004/004253

1-3 nM (data not 83shown).
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al so be produced using TMEA (Tris[2- mal ei m doet hyl ]

am ne) (Pierce Biotechnol ogy) or other
As anot her alternative,
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procedure using 2,2'-dithiodipyridine (Sigm Aldrich)

Tabhl® 4 he reduced nononer.

i nker or

hinge to the Cternm nus of the dAb,

Addi tion of a pol ypeptide

smal |

i nker, ei
4, 5, 6 of
regi on or
alibrary

resi due.

engi neered .

Rioand ( @5§4Se
TRNER an i nmu
haRfastuBept |

Qbatfrgndom pe

B

Thi's co

rRowdder e n 1
nogl obulin (
de sequence
pti de sequen
dAb and the
en be used t

Round? eg,

eg, 1gG hin
e.g., selec
ces) can be
termnal cy
D make di nmer

1Rownd 3,

ge
ted from

S5t ei ne
S as

eqbed
Pon single

Dinpri zat i
T\,

hereizn—abover
T

nogl obul

wno 1 nuag
TV eS

7 Xt e
in vari abl e

g Tonal s
jg%&%ﬁﬂhonnd

V9ieRy
nmers.
poiers

AR ea

S0rERTa dAb.

t‘“at%ﬁ whet
11-BESY dab f

p—V—ame—v—ho
Th
Dr mat usi ng

created—in—t

fl exible

a
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Mectors..were

é?ﬁ?ﬂ& gl yci
G y4Ser) 7

§E3§%FTne [

i ner librari

e _dAb
&St U

TAR -5 (

pEDETed usilfge/mli di ng

/ ), TAR1-27(

daBE Wpst rea
V), TAR2(V

23X the |in
or TARl h-6

s _were
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\Y4

paIDSATTU ef er nag/milo as DAM.Bx68)0°and a
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D
-
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ng this

pEBATAY, NOve[gMiIMeric
of dinerization on ant

dAbx MEre se

i gen bi ndi ng

eoteth)’ The
was det erm

IFCN
ned by

ELSA—and BIrAcore studies and in the celT and receptor

assays. Dinerization of both TAR -5 and TAR -27
resuld ed. bgisd gni ficant inprovement in binding
affié?tyg%ﬁa—%eutralisation | evel s. 84Met hods A

Li br Y18 CREE&EbATodnd Y63 QiSctions were picked from each of the 3U, 5U
and 7U libraries from the different selections methods, where appropriate. Clones were
grown in 2xTY with 100pg/ml ampicillin and 1% glucose overnight at 37°C. A 1/100
dilution of this culture was inoculated into 2mls of 2xTY with 100pg/ml ampicillin and
0.1% glucose in 2ml, 96 well plate format and grown at 37°C shaking until ODggo Was
approximately 0.9. The culture was then induced with 1mM IPTG overnight at 30°C. The
supernatants were clarified by centrifugation at 4000rpm for 15 mins in a Sorval plate

centrifuge. The supernatant preps were used for initial screening.

1. ELISA

Binding activity of dimeric recombinant proteins was compared to monomer by
Protein A/L ELISA or by antigen ELISA. Briefly, a 96 well plate is coated with antigen
or Protein A/L overnight at 4°C. The plate washed with 0.05% Tween-PBS, blocked for
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pEDA3U, rEDA5SU and pEDA7U vectors were designed to
introduce the different |inker |engths conpatible with

W b@saz4371 | nker - dAb format. For pEDA3U, sense BOIGB2004/004253
anti-sense 7 -base pair oligo Iinkers were anneal ed
usi ng a slow anneal i ng program (95C 5m ns, 80
C1Omns, 70 CG15mns, 56C 15mns, 42 Cuntil use) in
buf f er contai nin

0. IMad, 107™ Tris-HJ pH?. d
ZRrowih Z%ngeraBB%l\ﬂthP swgRlers addeg o deqlate ewgated fﬂ@ﬂg at room

GAFRTNESE LA 00) 00 g g o
roeflueapdérhmrgoEisd pliafeiit wasfed mod deedlomeddsitis TNES sigpstrate. Protein A/L-

ST S B ViR e
c%b&%ﬁ%ﬂgn%sfeﬁ HWre ﬁrﬂ%/ﬁfl gFgEAgtfélofo B RipSSPENFRIDRE t@#He presence
0 EDASU

rame when no seton was present. For p
oAnigk glilliclg € Atbaintohest beseg tiimend gaviear pasitive BLIS Agiignab dherefore off rate

over | appi ng ol i go-|Iinkers esigned for each
detespogiation fias §K mﬁﬂbyéiéﬁ@t\gﬁégkﬁ@ %I enow. The
fragnent was then purified and di gested using the

appropri ate BIESPERefa519sig! oni ng using the Xhol and
Not| restriction sites. Linker Ncol O- 3U Qdl Notl 5U

7U StpyiafcBfe dhalSistf K& codddoted fo ARV -P EEPTARD Béhet NEor screening,
N-term nal V gene corresponding to the guiding dAb was

TN BaedasugpsipleddonadIMS labipl at highrdensityn@ppiosimatels 1800 RUs). 50 ul of
restrjction_ sites. nes have exj,sting conpatible

BB st SRS e e Lot PSR s .
LAasig 4 it b Sn RSB UL RSl B s
ST A TRSTEEHT GAAIDEAGARere Birea ftdd dNch sdmdy waVkixdlpder, ths'chip was

washed for 10mins with buffer.

For TAR1-5, clone supernatants from the round 2 selection were screened by
BIAcore.

48 clones were screened from each of the 3U, 5U and 7U libraries obtained using
the following selection methods:

R1: 1pg/ml human TNFo immunotube, R2 1pg/ml human TNFo immunotube, overnight
wash.

R1: 20pg/ml human TNFa immunotube, R2 20pg/ml human TNFo immunotube,
overnight wash.

R1: 1pg/ml human TNFo immunotube, R2 33 pmoles biotinylated human TNFa on
beads.

R1: 20pg/ml human TNFo immunotube, R2 33 pmoles biotinylated human TNFo beads.

For screening, p55 TNFR (antigen previously referred to as DOMI, but for
consistency referred to herein as p55 TNFR; as noted, resulting anti-p55 dAbs are

referred to using the prefix “TAR2”) was coupled to a CMS5 chip at high density
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85ATGTGCCCTCGAGCGTITTGATTT 3" (SEQ ID NGO 174)) in 30
cycles of PCR anplification using a 2:1 m xture of

WEasIEs@Q (HTBI ot echnol ogy Ltd)andpfu turbo  PCT/GB2004/004253

(Stratagene). This maintained the Ncol site at the 5
end while destroying the adjacent Sail site and
i ntroduced the Xhol site at the ' end. 5 guiding dAbs

o AT 555 5 O B e
DOM h- T 7 : . .
e e

&SHIS or $1Y) B4 i€ bahadsd fivigeninds ranaiRt Sronptersesbeadf the chip,
the I'inker in each of the vectors (pEDA3U, 5U and 7U()1:
aF ARth- BNF-wi fherafiorel afiqn eacl samplgavay apalggedihrshipsyas yashed for
Iibrarﬁ gfffcorrespondi ng second dAbs were cloned after
L0pang VAR 8PS achieve this, the conplinentary dAb
l'ibraries were PCR anplified from phage recovered from
r oundiot T X elonensupefnaeintsieom ahdtound 2 aelgctagawerstsciEbifeda
(at approximately 1 x 106 diversity after round 1)

AhEshed ARke scPecped TR eacB Bf @es3 U, 58 gnd T tigratidlsisingrtha fallowing
V |library agai nst p55 TNFR (both at approximately 1 x

selgeticl metheflt'y after round 1) when TAR2 or TAR2h 6
respectively are the guiding dAbs. For V libraries PCR

%HT'TH B@&lxlgﬁg : ﬁﬁ%ﬁﬁ%ﬁg}f@j 1 ﬁgghﬂ‘ 85 PTNERI ignnhithodtheS ¥ edrBight wash.

cation using a 2:1 mxture of SuperTaq n

: %gﬁrﬁ 355 \fl\gljl@ frRfnbRSube g%c 4 /arps TIVER iM8luRBtube, overnight |

Y .

Vgrsh s in order tointro Sail restriction site
©the 5 end of the gene. The dAb library PCRs were

di gested with the appropriate restriction enzynes,

ligated into the correspondi ng vectors downstream of

the |i nker, esien Sr‘? b/el tsga sestri ction sites and

el ectropor3at repared conpetent Td

cel | The. ti tres,.achi.eved for.each |ibrar I .
ol | oDt b8 PepRIRISRire ,ﬁ‘ﬁé“ﬁ?&éﬁr Bsgy g5 cPamated. Ant-
TREPSA o TrdidnOBlobiNth vartable @«Eﬁ)ﬁﬁ;‘»&‘ﬁnﬁw Q\REDARLS tested for the

I xI @8, pEDA7U = | xlI ® TAR2: pEDA3U = 4xl O, %EDASU = 2

abilitp & peEbalice Bxlcpptoxigattiivity of EDE3en touse 1329 Hrpplasis Evans, T.
(%O(?O) )f\dglggulgr%@ghrfolgg}? 1% ,%3-248). Briefly, 1.929 cells plated in microtiter
plates were incubated overnight with anti-TNF dAbs, 100pg/ml TNF-o and 1mg/ml
actinomycin D (Sigma, Poole, UK). Cell viabilitywas measured by reading absorbance at
490 nm following an incubation with [3-(4,5-dimethylthiazol-2-y1)-5-(3-
carbboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (Promega, Madison, USA).
Anti-TNF dAD activity led to a decrease in TNF cytotoxicity and therefore an increase in

absorbance compared with the TNF only control.

As a preferred approach when evaluating the effect of a single immunoglobulin
variable domain polypeptide on the p55 TNF-a receptor, the following HeLa cell assay
based on the induction of IL-8 secretion by TNF in HeLa cells is used (method is adapted
from that of Akeson, L. et al (1996) Journal of Biological Chemistry 271, 30517-30523,
describing the induction of IL-8 by IL-1 in HUVEC; here we look at induction by human
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86B. Selections 1. TNF-a Sel ections were conducted
usi ng human TNFa passively coated on i mmunotubes. The

WO e®alsismy anti - TNF- Abs are referred using theCT/GB2004/004253
nonmencl ature prefix "TAR ." Briefly, Imunotubes are
coated overnight with |-4nls of the required antigen.
The irmunotubes were then washed 3 tinmes wth PBS and

TRECHHSE i e el ROV S, By, Hela calls

1a%e@1h| rﬂfcﬁd?duﬂerbﬁefmvkﬂe ipeve R w&nﬁtﬂsmmmmmg/mtTNF
roomterrperature for 2hrs. The tu (ﬁe are_then V\q
FailowirpBscubation e Brsgatast e dapitectho i Ry Goils end, thei frh‘%

ot eF t%c%ldv%ﬁsél ?sugetdr\ﬁg gg&ﬁ@ﬁwﬁe EEISIQYI@&E %%E&?sgf %tlthRl dAb

raries I'rst “roun ctions
aW@ ledtd i @etredst in IL-B muarathirinasthe sipegndianteomphied with the TNF
coated at g/m or 20ng/mM wth 20 washes in PBS
oplyiegiiebn. TA cells are infected with the el uted
phage and the titres are determ ned (eg, Marks et a J

Mol B TN s P8 Rlsd Bedndbstador W aﬂﬁhtghﬂﬁﬂﬁ'blﬁfhe&hndmg of TNF
Bi ochem stry. 1993 Aug 31; 32(34):.8848 The titres

to ecombiradt WNFeccep®DAIPS D) 48 1 ¢W;7 B(rjeﬂyg])‘/lmusqmg)latgs yﬂe@cubated

8%\%} tﬂ%g/%gmsﬁfma%ﬁ?é%g orﬂgﬁ%%@@d@i?%@e@sm .

Fef¥6 "US ANFThe WBEs Weeanihsdwitd pﬁ@épﬂi@ﬁelmﬁ&red%Bne (PBS)

carri ed out usi ng 3 different neth

comininieg G68Y, Toacomapiomdshon bRCKOHR GBS A an RS befpre being

D L T L o e

U’StA)h éntgfl" gllF dl'}glegé mivred Witht TNErwhviels ves add&d t@diearashoth wels at a
streptavi din beads I bi I

fmmt%p%cgntk?gsnoa of | gngmly ff&%} %@ﬁgo Vs ArigiEd o (a%% “B%n%@éﬂated
ah{i'aﬁ\]ﬁ%tg%db é@kf@hﬁ %uﬁ{},@nnsfo#? eU@éhoﬁlreﬂf%HﬁﬂiHs) RSIRRFEdWST in 500

dilution of horseradish perox1dase labelled streptav1d1n (Amersham Biosciences, UK) and

incubation with TMB substrate (KPL, Gaithersburg, MD). The reaction was stopped by
the addition of HICI and the absorbance was read at 450nm. Anti-TNF dAb inhibitory
activity led to a decrease in TNF binding and therefore to a decrease in absorbance

compared with the TNF only control.

In the initial screen, supernatants prepared for BIAcore analysis, described above,
were also used in the receptor assay. Further analysis of selected dimers was also

conducted in the receptor and cell assays using purified proteins.

D. Sequence analysis

Dimers that proved to have interesting properties in the BIAcore and the receptor

assay screens were sequenced. Sequences are detailed in Table 5.

E. Formatting
1. TAR1-5-19 dimers
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87Table 2 Round 1 TNF- Round 2 Round 2 Round 2 a

i mmunot ube sel ection sel ection selection coating
woreaohosss12 met hod 2 nmet hod 3 concentrati on pEDABU/GBR004/004253

1.8 10" 2.4 pEDA3U 20ng/ M 1.8 8.5 pEDASU | ng/m 9 x

O 1.4 10" 2.8 pEDASU 20ng/m 9.5 x 10 8.5 2.8 pEDA7U

g/mM 7.8 x |8 1.6 O pEDA7U 20rrg/n1 1 x 10 1.5 For

TAR -27 | ecti ons were carr out ri bed .

or v BEAR G meRaT T oA s Food ToToiss Honeties were

rE GuathiRe hRE Ehaﬁ?s% \@Eﬁ% Rl esteptel adshyd. MY TARINS $uidEigBAb was
human TNF- coated at mg/ M or 20mg/ M with 20 washes

substlraBsd @ath%rmﬁ‘mltymumé elond TAUing 19e Tocchiss thiw ITAR1-5 was

I ot ubes it

S R TSNS B 8 VRS g v
ke b Parre ST 4daffi O TAR 125-$@ h@@bmms Weteenl 4o @Iﬁaﬁldtm i the 3U,

wel | plates and crude supernatant preps_were

lha@rﬁU %CtWél TheNgemnipglcony of thggarg wapamplifigdly B@B aaé cloned as

I s T T R SR

]‘!biﬁrre}QEDABhJsitesm/ m 1. 5 10* 1.9

2. Mutagenesis
The amber stop codon present in dAb2, one of the C-terminal dAbs in the TAR1-

5 dimer pairs was mutated to a glutamine by site-directed mutagenesis.

3. Fabs

The dimers containing TAR1-5 or TAR1-5-19 were re-formatted into Fab
expression vectors. dAbs were cloned into expression vectors containing either the Cy or
Cy genes using Sfil and Not! restriction sites and verified by sequence analysis. The C,
vector is derived from a pUC based ampicillin resistant vector and the Cy vector is
derived from a pACYC chloramphenicol resistant vector. For Fab expression the dAb-Cy
and dAb-C, constructs were co-transformed into HB2151 cells and grown in 2xTY

containing 0.1% glucose, 100pug/ml ampicillin and 10pg/ml chloramphenicol.

4. Hinge dimerization

Dimerization of dAbs via cystine bond formation was examined. A short
sequence of amino acids EPKSGDKTHTCPPCP (SEQ ID NO: 175) a modified form of
the human IgGC1 hinge, was engineered at the C terminal region on the dAb. An oligo
linker encoding this sequence was synthesized and annealed, as described previously.
The linker was cloned into the pEDA vector containing TAR1-5-19 using XAol and Notl

restriction sites. Dimerization occurs iz situ in the periplasm.

F. Expression and purification
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pEDA5SU 20ng/m 3.4 10* 3.5 peEDA7U | ng/m 2.6 x 10* 5
10* pEDA7U 20ng/m 1.4 2. p55 TKFR Sel ecti ons were

w@ondstserd essentially as described for the aneCFGBE004/004253

bi nders, using p55 TNFR as the target antigen. 3
rounds of selections were carried out in inmunotubes
using either | ng/m p55 TNFR or Ong/mM p55 TNFR with
20 washes .in PBS 0. 1% ween with overni ght incubation
fol | oned Hylﬁﬂiﬁﬁﬁﬁer 20 washes. Single clones from
round 2 and 3 sel ections were picked intg 96 we

pl at e¥Pematagis e pirperedn din2rpk 8prsvellarlae fermat fqr ﬂz@nmtgaé
s)rf\%%nlun Ia?&&%cﬁg&{'ﬁtfev Eﬁ?uﬁ)il@\g Qﬁé iR s %%gﬁ;gﬁ%%eﬁrsglected

to usi e nonenc ture pre
daQdrARRr¢ adalesed efmehas Dkt construckaivee ekpiasaddn TQEDF’ or HB2151
und 1 Round Round 3 ' TNPR. i tubec tin
B EHPrRAPER. BESAE U] GOlopy FOB e §r ¢ was
o I
oA Blorsight %%I?)A(é i ZJ(T%QVan ofialnd i Pt 20 ?’ chisy Ay /100

dhlngaSmbf thisTultOrelws ﬁ@culéiedl nmED@(YlD Wit Oopdg/ritl zﬁnﬂlellhrlaﬁﬂ 0.1%
0' C. Screeni n Sl ngl e clones fromround 2 or

3
g&tgp&%ndoaﬁgwm é shekueunghPPLER ves appreximately 0.9. The culture was
then induced with ImM IPTG overnight at 30°C. The cells were removed by

centrifugation and the supernatant purified with protein A or L agarose.

Fab and cysteine hinge dimers were expressed as periplasmic proteins in HB2152
cells. A 1/100 dilution of an overnight culture was inoculated into 2xTY with 0.1%
glucose and the appropriate antibiotics and grown at 30°C shaking until OD600 was
approximately 0.9. The culture was then induced with ImM IPTG for 3-4 hours at 25°C.
The cells were harvested by centrifugation and the pellet resuspended in periplasmic
preparation buffer (30mM Tris-HC1 pH8.0, ImM EDTA, 20% sucrose). Following
centrifugation the supernatant was retained and the pellet resuspended in 5mM MgSOy,

The supernatant was harvested again by centrifugation, pooled and purified.

2. Protein A/L purification

Optimization of the purification of dimer proteins from Protein L agarose
(Affitech, Norway) or Protein A agarose (Sigma, UK) was examined. Protein was eluted
by batch or by column elution using a peristaltic pump. Three buffers were examined
0.1M Phosphate-citrate buffer pH2.6, 0.2M Glycine pH2.5 and 0.1M Glycine pH2.5.
The optimal condition was determined to be under peristaltic pump conditions using
0.1M Glycine pH2.5 over 10 column volumes. Purification from protein A was |

conducted using peristaltic pump conditions and 0.1M Glycine pH2.5.

3. FPLC purification

Further purification was carried out by FPLC analysis on an AKTA Explorer 100
system (Amersham Biosciences Ltd). TAR1-5 and TAR1-5-19 dimers were fractionated
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and 7U libraries fromthe different selections
nmet hods, where appropriate. C ones were grown in 2xTY

WwWOoR/083am g/ M anpicillin and1% gl ucose over NPQNGRR003/04253

C. A 1/100 dilution of this culture was inocul ated
into 2ms of 2xTY with 1OOmg/m anpicillin and 0.1%
gl ucose in 2m, 96 wel | pI ate forrmt and grovvn at 37 C
shaki ng unti | O was appr.oxi mat The cul tur

bmgtwrh@whamﬁm@é@n%pmph IIPRSOBEE n| émer%ﬁm%esmqt}?és Frd)
e%%%xﬁlgﬁﬂa?)gfrﬁm 1] Echa{t étg egaﬁgﬁlgfg%#)??f R g@ﬁlmers were
patified bﬁtcﬁfﬁxcbmﬁméResmnst anneri;haint Balscisndes émd)mjuted with a 0-

IEN TR T
cﬁﬂﬁﬂa@% ;ﬁ'lprl Léﬁlé dﬁ%%/sé{ 12 rsW%h'BlBé&én%eé Etd%%'lﬁﬁ!n Wid 41 a flow

ant’i ernl ght at C. The plate
ratash édennm ) PBSaiTve. éﬁ%FtBScpn bFoilIWedg pmﬁ@@l@hr sanwglgstwvere

2% Tween- PBS mpl.e i

CoReB e 4o PE TV IR P pEpErabdieh Ciftalisfas Lid)s
washed and incubated with the secondary reagent for
Rebiltsat room tenperature. The plate is washed and
devel oped with TMB substrate. Protein AJLHRP or

| ndi a HRRRWSSdikeRd as a secondary reagent. For antigen
ELI SAs, the antigen concentrations used were g/m in

PBS f69<r 96! Mbnesaide PRRed ok thP¥QIdD deltRtih BSRNGR. sﬂﬁ%ﬁllﬂ ¢he
gui ding dAb in nost cases dinmers gave a positive ELISA
libiagies pnd scdhentioh speditipis. r%m@n@@pépwpﬁwrmadmd@%mﬁ by an’ugen

By BT RART 48 8PP S5 PO R bining
clon@§ere ﬁarufﬁaarfﬁﬁm &g, selEdforamefsd aad We%ﬂdlﬁmb&teﬁil%t\ﬁdeU 5U
at _high density (approxi nmat thBlOOOO RUs)

20
aq\FUAIbraees ooy cinas thegiiiag dpb it H@amrss% lt@msmﬁt Rogsiple to
f
SPEFPA: Q4L BB, sSR! AN b St pracor
SpassilkB v@hse;ohmldtehb instability of TNF-a therefore
after each sanpl e vvas anal ysed, the chip was washed
ns with

f . ; | _
SuperTFaR A o FeP s DedEy 5 PRRTERG: SHAsFRgelyss

r&¥aled that the dimer K, rates were vastly improved compared to monomeric TAR1-5.

Monomer K,z rate was in the range of 10'M compared with dimer K, rates which were
in the range of 107 - 10*M. 16 clones that appeared to have very slow off rates were
selected, these came from the 3U, 5U and 7U libraries and were sequenced. In addition
the supernatants were analysed for the ability to neutralise human TNFo in the receptor

assay.

6 lead clones (d1-d6 below) that neutralised in these assays have been sequenced.
The results shows that out of the 6 clones obtained there are only 3 different second dAbs
(dAb1, dAb2 and dAb3) however where the second dAb is found more than once they are
linked with different length linkers.

TAR1-5d1: 3U linker 2" dAb=dAb1 — 1pg/ml Ag immunotube overnight wash
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Bl Acore. 48 cl ones were screened from each of the 3U,
5U and 7U | ibraries obtained using the follow ng

W@ 2008083500 net hods: R : g/ m human TNFai nrunot BOEGBRD4/004253

g/ M human TNFa i mmunot ube, overni ght wash. R :

20ng/ M human TNFai mmunot ube, R2 20nmg/ m human TNFa

i mmunot ube, overni ght wash. R : g/m human TNFa

i mmunot ube, R2 nol es bi otjnyl at ed human TNFa .on
HARISA2R3U mﬁiﬁ T2 TSP AR TR oV oy ash
bi otinyl ated human TNFa beads. For screening, p55 TNFR
TARI +5g%h5¥5rlmkbbﬁ's dpbréfb? r dag/my Aginpoyotuls avepdght wash
consi stency referred to herein as p55 TNFR, as not ed,
TARIHSd4n 6Udinkbr P55 AABAb3F 30pend Agsitmunotiierny etright wash
prefix "TAR2") was. coupled to a CVb chip at high
TRRSISAF: SU(lahpr DX dAbEdAly1 4000/RU)g inttthotmbefovpabgHE KFsh
(10 mg/ M) was coupled to the chip at I/mn in acetate

AR Fd6: 70HRKEr 2"SdABLANB] X RYSNE/MmAL AP in@ianstubé Gnsnight Wash,
EXxgdhgeed ( glycine pH2 or pH3) but 1 n each case
anti gen was renoved fromthe surface of the chip, as

Wi th TN Rad Eﬂaﬁéf&afe%xaﬁ{ﬂea @R N PRAGRS PRSI RBR ¥ Sae
the chip was washed for 10mns wth buffer. For TAR2,

petiphes andpeperastant gur fiasmyitihproteinhdgarose het exaprinedkinghe cell and

screened. 48, cl ones were.screened fr. f the 3U
rSGPERASTO 1B M P! e G Re RO PG 0 Do irpptival
JBBUIABHS for BroteihPrépfardtionIerd HEtBmhifB¥NPiotie prdddcdd®émiIB2151 cells
p55 TNFR i mmunot ube, overni ght wash. R : 1QOn

, _ _ /[ m_ p55
a¥ KRR 3R 68 eile highest oiglg (apprasmabRl Gragrin of eifBire). The
erni a I Vi
SRSy B 0 8l 5 R B Eupgpos o
o¥sSiaght \was° & vihetedadslwerntashed with PBS/NaCl and packed onto an FPLC
column using a peristaltic pump. The beads were washed with 10 column volumes of
PBS/NaCl and eluted with 0.1M glycine pH2.5. In general, dimeric protein is eluted after

the monomer.

TAR1-5d1-6 dimers were purified by FPLC. Three species were obtained, by
FPLC purification and were identified by SDS PAGE. One species corresponds to
monomer and the other two species correspond to dimers of different sizes. The larger of
the two species is possibly due to the presence of C terminal tags. These proteins were
examined in the receptor assay. The data presented in Table S represents the optimum

results obtained from the two dimeric species (Figure 9)

The three second dAbs from the dimer pairs (ie, dAbl, dAb2 and dAb3) were
cloned as monomers and examined by ELISA and in the cell and receptor assay. All
three dAbs bind specifically to TNF by antigen ELISA and do not cross react with plastic

or BSA. As monomers, none of the dAbs neutralise in the cell or receptor assays.

B. TAR1-5-19 dimers
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TNF singl e i munogl obulin variable domains ("anti-TNF
dAbs") were tested for the ability to neutralize the

W@ i0ensssrr activity of TNF on nouse L929 fi br obCEHEB2004/004253
(Evans, T. (2000) Mbl ecul ar Bi ot echnol ogy 15,

. 243-248). Briefly, L929 cells plated in-microtiter
pl ates were incubated overnight with anti-TNF dAbs,

100pg/n. TNF-a and | ng/ i in D (S |
k) B> e PYEES s 2 b by s g dheppBaR el

IR148)! I} @y L R616b adsh @ wid doducted using total protein
T?&l(i?%faéﬁﬂﬁ‘gf‘kﬁ@}dﬁ?é?gf"f"%? s ucted using total pr

- ( 3-
(ratehbbypyrifibh oxdyphelesd otharwise-stated (((ﬂﬂh]@r@l TARL-5-dPd4 spd THR1-5-
, i USA) . _Anti- TNF. Livit
Bt e N P 5 o i B BBLE it et
aééﬁ%?c%@fi? andis2RSRHRARERNESP TARI -5M1 0 MdrlomeT IRDgRBYINM). Although
co ro

. As a preferred approach when eval uating t
pefifiet TABf -adisiang give vanaoiselbunithe eseRtamind s marays Mr1-5-19

| g iability ieAffion buffers
d%‘?_‘% (%E‘?t 1%noge c%rﬁsfs Gt. pég’na;gll\fﬁ s %g&% Qhen hgiﬁ% ‘Elfijgér% (ffion buff

ssay based on the 1 nduction of

4686 ﬁfeg@&eﬁypu%aﬁm it tionomines). 116 Rimephateveittatecbuiffer pH2.6 or
adapted fromthat of Akeson, L. et_a (,%996 .Jour nal of "
0B IDytieapHEfethep gl reppyinggdbproteih§on hepiolq [ 4ggrasg 41 mos
I nduct. on . -8 IL-1 in HUVEC, here we | ook at
C?Sr?aﬁec:ntdfaroeﬁlg%situﬁgtﬁ%kTNF al pha and we use HelLa cells
instead of the HUVEC cell line). Briefly, HelLa cells

pl at AR 151904 otas texpregrled i theviemeentan end avsfedbeme patiogiexchange

ith df d 3 / m TNF. | L.owi [ i.on.: .t .
Bl e e v e B8 b A0S0 A% Ry otined
bgmwlirﬁtd'aﬁan \e@%sgleacﬁﬁ efond oons@ndiited dihdrSpedie&D

ystens). Anti-TNF dA% activity led to a decrease in

I L-8 secretion into the supernatant, co ith the

TN et Al dines s GABSIREYZ SORR LN 4 Bepder and
RN i oA M es Ap T o o
M6inFed ks BOANEmdWer éimen eub&hbO Thearesilighof the neber8aragsan

anti - human Fc nouse nonoc | .anti nme San..
crmAEnE SORIUBA) OBl AR [ aaod it Ay S e ngigure 10

buf fered saline (PBS) containing 0.05% Tween-20 and

t hen deeked Mikdhih%sBRle hdPBSHESTRBY HeiMBvices apadsed and

with Ong/m TNF receptor 1 Fc fusion protein ([R&D
pByisieé o8 Prodkinde dfelfreteins were examined in the cell and receptor assays and the
resulting ICsos (for receptor assay) and NDsos (for cell assay) were determined (Table 7,

Figure 11).

C. Fabs

TAR1-5 and TAR1-5-19 dimers were also cloned into Fab format, expressed and
. purified on protein L agarose. Fabs were assessed in the receptor assays (Table 8). The
results showed that for both TAR1-5-19 and TAR1-5 dimers the neutralization levels
were similar to the original GlyaSer linker dimers from which they were derived. A
TAR1-5-19 Fab where TAR1-5-19 was displayed on both Cy and C, was expressed,
protein L purified and assessed in the receptor assay. The resulting ICso was

approximately 1nM.
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USA). Anti-TNF dAb was m xed with TNF which was added
to the washed wells at a final concentration of

wawghsds72 TNF bi ndi ng was detected with 0.2nmg/ PET/GB2004/004253

bi oti nyl ated anti-TNF antibody (HyCult biofechnol ogy,
Uben, Netherlands) followed by 1 in 500 dilution of

hor seradi sh peroxi dase | abell ed streptavidin (Amrersham
Bi osci ences, UK) and incubation with TMB substrate
(KPLD-GRARAY/sBmEE MD). The reaction was stopped by
the addition of HCO and the absorbance was read at
450N x Hnelonguyrerg Aickied Hiowsh the rrguralc% salgofipn epeprpppsging all the

B R e

BINSAiaal bkess., Astiper EBIEEB EQVepﬂqmaﬂﬁfd cfomps. BIifexecéptor assay of

. . anal ysis, described above, al so used jn_the . o/
- ~cn@@@pp@natagf§ SO leresaii Peibiont rrepnies U Piaging 0-60%). Tn

il H%k‘ﬂéﬁ %gﬁﬁfﬁ?to rBB&‘tlEseé‘o‘H%ﬁa%d @08 2GBbhg BEEO Signal. 42

prot D. Sequence anal ysis D ners
cldnas wprmqubrtced rB@vcefthassb drestige @pombdAxb esquencashdhe 12 dimers
Bl Acor nd .t he. receptor assa wer e sequenced.
gt 0 ot SO R el FBASeOg s o ¢t g 1.
TARI -S-1 dinmers 93The TARI -5 diners that were shown

t o havg 190REtrNeHS AbhddléreBxReoRe ht DEGmMRIpErnatant preps and
re-formatted and anal ysed in the cell and recﬁor

pasﬁaﬁy en piffigin tAF%‘heS@wgm askossecdnbpratein kapd entigandtlind, BIAcore
ALt t 5-
aﬁﬁ egéc%lgéo)f 8?%}42%%{}% pgﬁg‘{ %A s1%1?a S w?regn%@dlﬁé/dem arﬂ' cases.

e indi

Bindouiastykik uéedledal vl dndRio hdve fAstohahd bﬂﬁaﬂaee’lﬁhe off rates were

anmplified by PCR In addition di ners
igRryed FEBPEEH I RPBENS RARI T3 @OWS‘(“}IQ%FOOfg B BE1 HR-27 dimers

RSB IR B EBENST AP TI66 B 1 imer
ckiraHiee prevaslyolop mjappsomgate}y intthegngaot 106hdl(NO). The stabﬂlty of
U By GRCBAE CUBHNSR Dot T PHET RGO TG TGS e
ad&Rba on 5%glycerol, 0.5% Triton X100 or 0.5% NP40 (Sigma) was included in the
purification of 2 TAR1-27 dimers (d2 and d16). Addition of NP40 or Triton X100™
improved the yield of purified product approximately 2 fold. Both dimers were assessed
in the receptor assay. TAR1-27d2 gave IC50 of ~30nM under all purification conditions.
TAR1-27d16 showed no neutralisation effect when purified without the use of stabilising
agents but gave an IC50 of ~50nM when purified under stabilising conditions.

E. TAR2 dimers

3 x 96 clones were picked from the second round selections encompassing all the
libraries and selection conditions. 2ml supernatant preps were made for analysis. Protein
A and antigen ELISAs were conducted for each plate. 30 interesting clones were
identified as having good off-rates by BIAcore (K, ranges between 107 - 10'3M). The

clones were sequenced and 13 unique dimers were identified by sequence analysis.
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5 dimer pairs was nutated to a gl utam ne by
site-directed nutagenesis. 3. Fabs The diners
w@omsasising TARL-5 or TARL-5-19 were re-for mat PENGBRG0/004253
Fab expression vectors. dAbs were cloned into
expression vectors containing either the C or C genes
using S and Notl restriction sites and verified by
sequence analysis. The C vector is derived froma pUC
based anpicillin resistant vector and the C vector is
derived froma pACYC chl oranpheni col resistant vector.
For Ralyexppession the dAb-C and dAb-C constructs were
co-transtormed i nto HB2151 cells and grown in 2xTY
contai ning 0.1% glucose, |0OOmg/m anpicillin and
Ony/ Muctsefide ambaraino@eid sequencpnips ddbrdescrified wrihis Example are
Di n rng;ion f dAbs via cystine bond formation was
Pg§§%@ﬁg }gﬁp§2brt sequence of am no acids
EPKSCDKTHTCPPCP (SEQ I D NO 175) a nodified form of
the human 1gGCd hinge, was engineered at the C
termnal region on the dAb. An oligo |linker encoding
this sequence was synt hesi zed and anneal ed, as
descri bed previously. The linker was cloned into the
pEDA vector containing TARI -5-1 using Xhol and Notl
restriction sites. Dinerization occurs in situin the
periplasm F. Expression and purification 941.
Expressi on Supernatants were prepared in the 2m,
96-wel |l plate format for the initial screening as
descri bed previously. Followng the initial screening
process selected dimers were anal ysed further. Diner
constructs were expressed in TOPI OF" or HB2151 cells
as supernatants. Briefly, an individual colony froma
freshly streaked plate was grown overnight at 37 Cin
2XTY with 1OOmg/m anpicillin and 1% gl ucose. A 1/100
dilution of this culture was inoculated into 2xTY with
|OOm g/ m anpicillin and 0.1% gl ucose and grown at 37
C shaking until OD600 was approximately 0.9. The
culture was then induced with I nM I PTG overni ght at C
The cells were renoved by
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centrifugation and the supernatant purified with

protein A or agarose.

Fab and cysteine hinge diners

WORN08/0835p2 essed as periplasm c proteins i n HB2RGSRGB2004/004253

cel | s.

A 1/100 dilution of an overnight culture was
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appropriate antibiotics and grown at 30C shaking until
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concentrated using VIVASPI N(tm 5K cut off

concentrators (Vivascience Ltd).

Res

ults A TAR

5

wWa@lRowe03s562 x 96 cl ones were picked fromthe roupPd/@B2004/004253

sel ection enconpassi ng al

condi t

i ons.

antigen and Protein L ELISA, BlAcore and in the

receptor assays.

the libraries and sel ection
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In ELI SAs, positive binding clones
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TAR

-5d6: U linker 2nd dAb=dAbl-

i mmunot ube overni ght wash,

woroes/esam ned furt her.

peri pl asm and super nat ant,

agarose and exam ned in the cel

R :

1mg/ M Ag

R2: beads The 6 | ead cl ones

purified with protein L

Protein was produced f POMGB2804/004253

and receptor assays.

The I evels of neutralisation were variable (Table 5).

The opt

i mal

conditions for protein preparation were

determ ned. Protein produced from HB21 cells as
supernatants gave the highest yield (approximately

10mys/ L
Table J; {rrﬂlgr

of culture).

The supernatants were incubated
dtldibemodimeFhse for 2hrs at roomtenperature or
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19d3 have the best ND (~5nM

in the cell

assay -

this

is consistent with the receptor assay results and is
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98D. TAR -27 (tinmers 3 x 96 clones were picked from
the round 2 selection enconpassing all the libraries

w@nwsmesdserti on conditions. 2nl supernatant prepSI/GBRE®4/004253

made for analysis in ELI SA and bi oassays. Antigen
ELI SA gave 71 positive clones. The receptor assay of
crude supernatants yielded 42 clones with inhibitory

ro i ndi ng. 0- 6Q9 n the.nmajority of .
BaRRE S omialion o pioiBHintes e AP pag seld fp fggipbutin
V%A@@\dgmgﬁal 42 cl ones were sequenced, 39 of these
have uni que second dAb sequences. The 12 diners that

gave the best inhibitory properties were analcgsed )
f ur t Wer dAPHenppisatem eyateine-mydificdriaanaresre iselgiee Faudthg $xpression

32(&%?@1 S qggr@\a% esscéxgb %pﬁg%%qlg&) ﬁ'vJekee dggetdfltroﬁlgl'gnff% thiol, and then

r&lcAdarieh aidnédc MhRimide @ﬁl@ul@%gm&ld aS:tHeﬁngilB'dﬁﬂdad #emotrimer.
ELI SA signals were obtained in all cases. Bl Acore

anal ésj s reveal Ed aII EE gggs to have fast on and off
rat esll AR O nproved conpared to

mononeric TAR -27, however the off rate of

di geasﬁ mbef s TAB1 oIS Wﬁ@ ggdycq with ﬁéﬂ%%@éowel@l and left
h
LR} 0 A i AT ST B B g P

10fcotulieh uhérkhead PHarfRIcE) VIR calUesit hahissdn pndeddibbrafedrveti HimM
order to inprove stability, the addition on

Bl \f0arM sodgrs phasheis pEé-Samd the sapmpapplied; gagjutshllowing
f
tﬁeﬂﬁhn lduullegggﬂglugéér '@%E@&a@%a@ l4eed Aﬁill elﬁla ﬂ%gfﬁﬁsT(\ﬁ@A

0 riton
(Tﬂﬂﬁ@m&dnhm&:twlﬁndne)fw@méhaeﬂi Ifnmmd’umt:e Bpmahnolm'gye Ay2(mM

sty o VI Bb o BaBRNG BV (T RER Rl B ound

t&??@bﬁde\%ﬁ%oﬂ_&% MEA SeatEr SBR9AA R84S bAIAS: Q‘ME)R) caused the

en purified w thout the use of stabilising
ragi@ptesipitationandecrass-ldsae of the SovieinwAds theraté pEpreipifation and

P St AL b s
. %m%iﬁﬂ\ﬁ Q?%\%{EA WS s PLALh R \kjg&!eﬁlca{ng(%ﬂ? reaction was allowed

super nat ant preps re nma
tepbytsl 8 rodth tdrpatatbrediodtvenhdige nit klak $Amdrhsatehe mdtﬂmm efhdditives
for each plate. interesti ng cl oanes \QB
such as glycerol or ethylene glycol to 20% (v/v), significantly reduced the precipitation of
the trimer as the coupling reaction proceeded. After coupling, SDS-PAGE analysis

showed the presence of monomer, dimer and trimer in solution.

Purification of the trimeric TAR1-5-19CYS

40 pL of 40% glacial acetic acid was added per mL of the TMEA-TAR1-5-19Cys
reaction to reduce the pH to ~4. The sample was then applied to a ImL Resource S
cation exchange column (Amersham Pharmacia), which had been pre-equilibrated with
50 mM sodium acetate pH 4.0. The dimer and trimer were partially separated using a salt
gradient of 340 to 450 mM Sodium chloride, 50 mM sodium acetate pH 4.0 over 30
column volumes. Fractions containing trimer only were identified using SDS-PAGE and

then pooled and the pH increased to 8 by the addition of 1/5 volume of 1M Tris pH 8.0.
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identified as having good off-rates by Bl Acore (K
ranges between 10 2 - M. The clones were sequenced

wW@psAFsoni que dinmers were identified by sequePCEGB2004/004253

anal ysis. 99F. Sequences Nucl eotide and am no acid
sequences for dAbs described in this Exanple are
provided in Figure 12. 100Table 5: TAR -5 diners

TRt OReEiaREE ¢ éi@@ﬁ?&}%&%@ﬁl i RS8R Sk bR
; I i ' .
VR RbR &nﬁa@ﬁ&v%cﬁ%ﬁ%l@% @16 RAJRARBARSEInBIE

species | -5d2 HB2151 Protein L + snall
dimeric 0. 1M glyci ne RA~50nM FPLC speci es pH2.5 TARI
- 5d3/HBZD romakbinding assaxr BNF aeqeptor assgy ang el agsay,

RA~300nM FPLC pec_i es pH2.5 A - 5d i32_15 ot ein L
+ smhk affimigrdfehtrindrgoyleinn FAERW0F friermiapd ssiag e PG

TAR -5d5 HB2151 Pr.otein L. + | ' ] o
T e ROt el e UATR B g gt assay was
PRk fide df 34anoevdiegesing).0. M gl ycine RA | COnM +FPLC
species pH2.5 *note dinmer 2 and di ner 3 have the sane
second dAb (called dAb2); however, they have different
linker lengths (d2 = d3 = dAbl is the partner dAb to
dimers 1, 5 and 6. dAb3 is the partner dAb to diner4.

e QihertpiossiblarfAdbl-Sd R8s NEWAG IPIIAS 3| one. FPLC
purification is by cation excha,n%e unl ess . ot herwi se
st at AR TFhd 96P1S may 2lgp heformaiipduiie s tHBer wingihy ofigpving reagents

obt ai ned by FPLC was determ ned
PEG trimers and custom synthetic maleimide trimers. Nektar (Shearwater) offer a range

AL XSS

of multi arm PEGs, which can be chemically modified at the terminal end of the PEG.
Therefore using a PEG trimer with a maleimide functional group at the end of each arm
would allow the trimerisation of the dAb in a manner similar to that outlined above using
TMEA. The PEG may also have the advantage in increasing the solubility of the trimer

thus preventing the problem of aggregation. Thus, one could produce a dAb trimer in

. which each dAb has a C-terminal cysteine that is linked to a maleimide functional group,

the maleimide functional groups being linked to a PEG trimer.

Addition of a polypeptide linker or hinge to the C-terminus of the dAb

A small linker, either (GlysSer), where n=1t0 10, eg, 1, 2,3, 4, 5,6 0r 7 , an
immunoglobulin (eg, IgG) hinge region or random peptide sequence (eg, selected from a
library of random peptide sequences) could be engineered between the dAb and the
terminal cysteine residue. When used to make multimers (eg, dimers or trimers), this
again would introduce a greater degree of flexibility and distance between the individual

monomers, which may improve the binding characteristics to the target, e.g. a

multisubunit target such as human TNF-o..
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in these assays. 101Table 6: TAR -5-19 diners D ner

Cell Purification Protein Elution Receptor/ Cell type
w@owdiosisons assay Fraction TARL-5-19 d TOPI OF ReDGBRV41004253

Total protein 0. Mglycine pH RA 5nM 2.0 TAR1-5-19 d2

TOPI OF Protein L Total protein 0. Mglycine pH RA~2nM

(no stop codon) 2.0 + 0.05%\P40 TARI -5-19d3 TOPI OF

Protein L Tot protein 0. M.glycine pH RA=8nM 2 +.

0. 05 NPETERG et B i eerdit e Bt B bt Binftignal

i e d [ f b eRlofaal bédfides described

pg‘%.gloeg %@AIE%ZHE%F%A%I%I% t%%@%ﬁ%ﬂrﬁgr otein Lr[ q%%%‘?w

hpreot isiprovddddvinglapts he RA~8nM pH2. 0 + NP40 CA | OnM

TARL-5-19 d6 TOPIOF Protein L Total protein 0. M

glycine pH RA 1OnM 2.0 102Table 7: TAR -5-19

honodi mers Dinmer Cell Purification Protein Elution

Receptor/ Cell type Fraction conditions assay

TAR1-5-19 3U HB2151 Protein L Total protein 0.1M
gl yci ne RA~20nM honodi ner pH2.5 CA~30nM
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TAR1-5-19 5U HB2151 Protein L Total protein 0.1M

gl yci ne RA~2nM honodi ner pH2.5 CA~3nM TAR1-5-19 7U
woiBRE83IssPr otein L Total protein 0.1M glyci ne RECT/GBRI04/004253

honodi mer pH2.5 CA 5nM TARL-5-19 cys HB2151 Protein L

+ FPLC purified 0.1M gl yci ne RA~2nM hi nge FPLC di ner

fraction pH2.5 TAR1-5- HB2151 Protein Total protein O.

M glycine RA InM 19CH TAR - pH2.5 5-19 CK 103Tabl e 8:

TARL- 5/ TARL-5-19 Fabs Dinmer Cell Purification Protein

El uti on Receptor/ Cell type Fraction conditions assay

TARI -5CH HB2151 Protein L Total protein O. Mcitrate

RA~90NM pH2. 6 CK TAR -5CH HB2151 Protein L Total

protein 0.1M glycine RA~30nM pH2. 5 dAb2 CK CA~60nM

dAb3CH HB245lZProtlgin L Total progeilg H. IMcitrate

RAI OONM pHJ= 6 AR [S60K TAR -5-%@21%1% Plotein L

Total prot eﬁ g glgci ne RA~6nHI 39(%/8 pH2. 0| dAbl CK

= nwn < << E

IC50 for ligand assay

As TAR1 monomer
As TARI1 monomer

500nM to 100pM

5x107to 1% 107
As TAR1
monomer
As TAR1
monomer

Koff

Koff/Kon)

5 x 10™), preferably

As TAR1 monomer
As TAR1 monomer
30nM

dissocation constant
Xd

(ie, 3% 107 to

50nM to 20pM

Equilibrium
300nM to 5pM

40mg/ml

samples made
40mg/ml
(mutant A50P
also)

Concn of
to date

Table 9
Summary of affinities. concentrations and functional properties of dAbs

TARI1-5-19
monomer

INONOIIETS
TARI dimers
TARI trimers

dAb
TARI1
TARI1-5
TARI1-27

-

TARGET
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dAbl CH HB2151 Protein L 0.1M glycine Myc/flag RA~6nM
pH2. 0 TAR1-5-19CK TARLl-5- HB2151 Protein L Tot al
w@ewse33370. M gl yci ne RA~8nM 19CH pH2. 0 CA~12p0d/GBRE4/004253
CK TAR -5- HB2151 Protein L Total protein 0.1M
gl yci ne RA~3nM 19CH pH2.0 dAb3CK 104Exanpl e 6.
Formation of a honotrinmer of a TNF- -specific single
i mmunogl obul i n vari abl e domai n. For dAb trimerisati.on,
cystei ne-nodi fi ed nononmers isolated fromthe
expression of TAR -5-19CYS as described in Exanple 4
were reduced to yield free thiol, and then reacted
with a trineric maleinide nolecule, to yield a

Fhem’ cally linked honotrjimer. Trinerization of

TAR1-5-19CYS 2.5 ml of 100 nM TARL-5-19CYS was reduce
vvitg 5 i t hi oghreitoll and Ieft%t Eomterrperature
forg20 m\/@t es. The sanpl e was théh bHffer exchanged
usi hg a PM¢ol um" (Aner sham Pharmacl a) "' The col um had

been pre-equilibrated wijth 5 M EDTA, 50 nM sodi um
Phogphéte pH 6.5, and the sanple applied and elyte
1§|fO| E:ov\ﬁuing t he manuf actures gui delines. The sarr%e %as
| aged,on ice until needed. _T ' N
éJTr“’s[g- ei ni doet hyl ] |@m Ee;\%ﬁasé puj;chased friém 5
“Pi eticeiBi gt echnol ogy. A EO MM St ocK sl ution of<S TMEA
‘Wasgmade isn 100% DVBO ( dEnme8hyks sud|f ofide). 4t Has
& oufd ﬁha@ a concentratiﬁn B8f BVEAR(greater tg‘larﬂsz
g miblarSr aty o of dAb: TVMEAY, caused the fapid &
r egli pft afl on and cross-{Hi nki ng ofithg pr ot ¢f n.%AI
Bt heslr afe precipitati ¢n anrd ef oss-l&nki ng.Svas

&M

1)

S

1

o

1-5-
TAR1-5-89CK
TAR1-5-19CH d2CK

greater as the pHincreased. Therefore using 100 v
reduced TAR -

L
©
Vbllré lr:)“E vb"% ggn lr:)n % V:)ME lr:)ng lr:’|§° o B
— = — on - —t —t 80 B0 2o S
29 Epf HRS I Hp f QR Hof Exf H5f &
28 BE2S 225 £s B2 S E238 4028 foegE gd2s S
- N o B
2 o
.- i
- v—I"O
g =t
=5 44
=g =9
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5-19CYS, 25 nmM TMEA was added to trinerize the protein
and the reaction was allowed to proceed at room

wo eowpesBdrure for two hours. It was found that PEEGB2004/004253
addi tion of additives such as glycerol or ethylene
glycol to 20% (v/v), significantly reduced the
precipitation of the trinmer as the coupling reaction
proceeded. After coupling, SDS-PAGE anal ysis showed
the presence of nononer, dinmer and trimer in solution.
Purification of the trimeric TARL-5-19CYS 40 nL of 40%
gl aci al acetic acid was added per L of the TMEA- TARI
-5-19Cys reaction to reduce the pHto ~4. The sanple

was then applied to a InL Resource S|caftion exchange
col um (Anersham Pharmaci a), which had been
prégequilibrated with 50mM sodi um acetate pH 4.0. The
dimer and trimer were partially sepanated using a salt
gradi ent of 340 to 450 nM Sodi um chl ori de, 50 mM

sodi um acetate pH 4.0 over 30 col um|vol unes.
ractions containing trimer only were identified using
DS- PAGE and then pool ed and the pH increased to 8 by
ithe addition of 1/5 volume of MTris|{pH 8.0. 105To

]

revent precipitation of the trinmer %?rlng =

oncentration steps (using 5K cut off: VﬂEas@nwé )

groncentrators; Vivasci ence), 10% gl y¢@r ok wis éﬁdéﬁ t8

he sanple. In vitro functional bindi%g éss%g:'TNﬂ' !

— -~ < n

yeceptor assay and cell assay The af{gni&y @ é%elg &

rimer for human TNF was determ ned §§igg tge F & %

Zreceptor and cell assay. |C50 in thelF ecBptfr sé% =

H ol i + I~ o ~f D

. SOQ T 1T UTIT |cu|gc Ul J

to 10nM (eg, 3nM. O her possible TAR -5-19CYS tri mer
formats TARL-5-19CYS may al so be forpatted into a

trimer using the follow ng reagents: |PEG trinmers and
custom synthetic maleimde trinmers. Nektar
(Shearwater) offer a range of multi arm PEGs, which

can be chemcally nodified at the tefmnal end of the
DEC Theorof or DEC t h A nmmli Lm de

rco—mefetrefe—ustHhg—arrcot+H+Ref—win—a—Hae-etn-ce
functional group at the end of each armwould all ow
the trinerisation of the dAb in a mapner simlar to
that outlined above using TMEA. The PEG may al so have
the advantage in increasing the solupility of the
trimer '

TARI1-5-19CH
d3CK
0.2mg/ml

diCK
TARI1-5-19CK

dicH
TARI1-5-19CH

d2CK
TAR1-5-19CH

0.4mg/ml

0.41mg/ml
0.32mg/ml
0.25mg/ml

Img/ml

TAR1-5d5

TAR1-5d3
Img/ml
TARI1-5d4

19d6
TARI1-5d1
Img/ml
TARI1-5d2
1mg/ml

heterodimers

TARI1-5
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t hus preventing the problem of aggregation. Thus,
coul d produce a dAb triner in which each dAb has a
wW@2a08/0855mal cysteine that is |inked to a mal ei PETHE6B2004/004253
functional group, the mal ei m de functional groups

being linked to a PEGtriner. Addition of a

pol ypeptide linker or hinge to the CGterm nus of the

dAb A snmall |inker, either (dy4Ser) where n= 1 to 10,

eg, 1, 2, 3, 4, 5, 6 or 7, an immunoglobulin (eg,

I gG hinge region or random pepti de sequence (eg,

selected froma library of random pepti de sequences)

coul d be engi neered between the dAb and the term nal
cysteine residue. Wen used fo n kel mul ti mefs (eqg,
dimers or trimers), this aga n vould introduce |a
greater d%gree of fl exi bi |I%y and dg ance between th
i ndi vi duak nononers, which B@ i\mpr t he bi ndi ng
characterilistics to the tar gets 4. g. Zanul ti subynit

one

target such as human TNF-a.
data regardi ng concentrati g

106A su
n, af

nrary of
finity and

propertie
domai n po%
Table 9. T
oncentra
STARGET..d
Jassay E\ID5ﬂ:

ofg exenpl ary sin
ypept i des descri kb
D7Tabl e 9 Summar y
oS and functi on

Cancn of EquiliQ
f&r sanpl es made

gle i
ed he
of 4
al pr
rium
di ss

~

nmunogl obul
rein is pro
iffinities,

opekt i es of
Kof {51 C50 f
ocafi on con

avalil abl e

Fungti anal

abl
n

n vari
vi ded i

dAbs
or 1ji gand
5t ant cel |

ney
X [ =

ny TNF-lcc
M 500OnMt o
ably 50nM

AR

tr%gsn ass
oOn

o 100
12)|1g prefer

DJ Ao

8

500

19°)

H

AN

@based €o & (Kd =Kof f/ Kor|
~TARI Ong IgpM 5x 10 to
Z@PVII TII_\\RE UI IICI O |L

NOMe&S (ie, 3 x 0 5| 10
As—TA YOTTeT AR—AS
mononmer A TAR

As TAR1
monomer

As TAR1 monomer

TARI1-5CH
0.18mg/ml

TARI1-5CK

d3CH =

0.5mg/ml
0.3mg/ml
d2CK

0.18mg/ml

TARI1-5d6

homotrimer

monomers
TAR2h-10

TARI1-5-19

pS5 TNFR | TAR2
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nmonomer nononmer TAR trinmers As TAR nononmer A TAR As
TARI nmononmer A TARI nononer nononer TARL-5 TAR1- 27

W 2R3/035519 40nmg/ M 30OnM nononer (nutant AS50P =PEDGHBL00/004253
al so) TAR1-5-19 TAR1-5- Wth (dy Ser) linker = 20
honodi mer 193U= Inmg/mM Wth |inker= 2nm =30nM TARL- 5-
Wth (Ay Ser) linker = Oonm 195U= 0.8ng/ M I n Fab
format = I nM =3nM TARL-5- 197U= 0. 16ng/ M =15nM Fab
formats 0. 14ng/ M TARL-5-19 TAR1-5- Wth (dy Ser)
i nker heterodinmers 19dl = TAR -5-19 2 =2nM 0. 36ng/ m
TARl -5-19 3 =8nM TARL-5- 19d2= TARI -5-19 4 =2-5nM =
12nM
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0.3ng/ M TAR -5-19 5 =8nM 10nM TAR1-5- 19d3= 0. 5ng/ m
In Fab format TARL-5- 19d4= TARL-5-19CH dI CK = 6nM

w@2®3m0855m TARL-5- 19CK dl CH = 6M TARL- 5- 19d5=PCT/GB2004/004253

TAR1- 5-19CH d2CK = 8nM 0. 6ng/ m  TAR1-5-CN 32m 25m C CN
Ida 1)l HOt H1 - Il Il MT 31

Example 7. Solubility studies on anti-TNF-o and anti-TNFR1 single immunoglobulin

varaible domains.

The concentration limits achievable were examined for several different
preparations of domain antibody polypeptides. Antigen specificities included human
TNF-a, human TNFR1 and, as a control, hen egg lysozyme. The solubilities were
evaluated for preparations of dAbs representing different formats. Solubilities were also
evaluated with regard to the effect of different buffer preparations. The parameters
measured were the highest concentration at which the measured concentration agreed
with the calculated concentration (és measured by absorbance at 280nm) and also the

highest concentration achievable by accepting protein losses through precipitation.

Materials
- TAR1-5-19; monomeric dAb against the target antigen TNF-o; K4 of 30nM; in the

buffers described below:

1. TAR1-5-19 in 20mM Na Citrate pH6.0 stock at 19.7mg/ml;
2. TAR1-5-19 in 10mM Potassium Phosphate pH7.4 stock at 15.8mg/ml; and
3. TAR1-5-19 in 100mMGlycine / 200mM Tris pH8.0 stock at 7.2mg/ml.

- HEL4; monomeric dAb against hen egg lysozyme; used as a control for high solubility.
In 20mM Na citrate / 100mM NaCl/ 0.01% Tween 20 pH 6.0 stock at 51.3mg/ml.

- TAR2h-10-27; monomeric dAb against the target antigen TNF Receptor 1; K4 of 400
pM; in various formats and buffers as described below. The nucleic acid and polypeptide

sequences of TAR2h-10-27 are provided in Figure 15.

1. TAR2h-10-27cys reduced in 100mM Glycine / Tris to pH4.0 + 10% glycerol
at 0.75mg/ml; '

2. TAR2h-10-27 wild type, stock in Tris / Glycine pH7.0 + 10% glycerol at
0.06mg/ml.
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HHHM 5- -i 211 - r HIIl Il -aj HHHal
100. 5ng/ M TAR -5d6 = 100nM TAR -5d6= 0.3ng/mM In Fab

W0 20058355TARI - 5CH d2CK = 30nM = 60nM TAR1- 5CH BPRRIZKBIARI004253
-5CK d3CH = 100nM =0. 18ng/ M TAR1-5CK d3CH = 0. 18ng/ m
TAR1-5-19 0.3nM 3-10OnM (eg, homotrinmer 3nM p55 TAR2
As TAR nonomer A TAR 500nM o 100pM 500nM O

3. TAR2h-10-27cys PEGylated with 2 x 10K PEG in 50mM Na Acetate pH4.0 at
0.24mg/ml. ‘

4. TAR2h-10-27 wild type in 100mM Glycine / Tris to pHS5.0 + 10% glycerol at
0.29mg/ml.

5. TAR2h-10-27cys, reduced and alkylated with iodoacetamide in 50mM Na
Acetate pH4.0 at 0.14mg/ml.

6. TAR2h-10-27cys in PBS pH7.2 at Img/ml.

Method

For TAR1-5-19 samples, dilutions were performed to a starting concentration of

3mg/ml in 20ml of respective buffer.

PBS was used to dilute the phosphate buffered TAR1-5-19, i.e. sample 2. 20mM
Na Citrate pH6.0 was used to dilute the HEL4 sample.

A280 was measured for all samples at the start of the experiment. From A280,
concentration could be obtained by multiplying by 0.66 for TAR1-5-19, 0.51 for HEL4
and 0.41 for TAR2h-10-27, these correction factors being obtained from theoretical

extinction coefficients.
Volumes were measured to the nearest S0pl, using a Gilson pipette.

Samples were concentrated in 20ml Vivaspin devices (Vivaspin AG, Germany),
PES membrane, MWCO of 5kDa. Devices were centrifuged at 3,000g in a bench top
centrifuge for 10 mins at a time at the start of the experiment, and this time interval was
increased as samples became more concentrated and therefore slower to increase their

concentration.

After each spin, the samples were removed from the device and the volume was
measured. A 1 ml aliquot was transferred into an Eppéndorf tube and spun at 16,000g for
5 mins in a microfuge to pellet any precipitate and the A280 of 1ul of the supernatant
diluted into 100ul buffer was measured. Aliquots were then resuspended and added back
to the main pool along with the 100p1 used for A280 reading before returning it to

original Vivaspin device and continuing with the concentration.
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nmononers nononmer 5CpM TAR2h- 10Ser um DOM7 | nM o 500mM
| nM o 500mM al bum n nononers preferably 100nM o
w@e@smsaiit y 100nMo 10 mM 10 M DOWrm 12 100n M OOuBRe01004253
200nM DOWmMm 26 70nM VK Dummy <7ng/m (nutant | 75N
. <4nmg/ M) Hen egg HEL4 38ng/m |ysozyne (=2.95 mM) C36
10.5 mg/ M ** ** Hi gher concentrations are |ikely

achi evabl.e t hrough st anda concentrati
met h e"ESE’SWB{ EoPenEROREP) '?Wargiﬂ&awsgﬁ Q??F“éfﬁ?# froRqethg observed
2% 3 %Ioﬁw% V§1'uﬂﬁ|r§ea'sﬁ'i‘éy neg@h QMGH RyeY@fiRie @ctapéﬁb&ﬁratlons

The concentration imts achi evabl e were exam ned
feranch aibludic, Exirapolatest ﬁrpmrthq stamting @5£28Qolp@¢¢h ontite lbmalyrelatlonshlp

pol ypepti des,. Antj gen ci smcluded human
Wwﬁ%ﬁ,cgﬂwﬁﬁflwé‘gim éfe}) Ico % hen egg

| ysozyne. The solubilities were eval uat ed for
preparati ons of dAbs representing different formats.
ReehMdbi lities were also evaluated with regard to the

effect of different buffer preparations. The
par amsldtsoﬁthmubmﬁilm stadich erehihgive st Telolas &0 {aoatdnratiats for

| .C he re ncentratio reed with the .
T Cobed TR A otond b A Mot e s 13
(@ﬁﬁ@f@_l@nﬁdaﬂﬁ(qm fu-gpest concentration achi evable
by accepting protein | osses through precipitation.

Materials TAR1-5-19; nononelic dAb agai nst the target
antigen TNF-a; of 3OnMin the
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buffers described below . TAR -5- in 20rwWa Citrate

pH6. 0 stock at 9.7ng/m; 2. TAR -5-19 in 10
wW@Pi0a93350m Phosphate rH7. 4 stock at 15. 8ng/ m ; PEIGB3004/004253

TAR1-5-19 in | OOrM3 ycine / 200" Tris pH3.0 stock at

7.2mg/ M. HEL4; nononeric dAb agai nst hen egg

| ysozyne; used as a control for high solubility. In

2QriNa ci t /.10 NaCl Yoo o) :
TSPl S RN T BBIS 1 TAREHTED Bafl thd their
tegeaticaly PRSCIeA TG CaPRTAROTRE IS JP BPICE PO ORGP
severalMffiss formats and buffers as described bel ow. The
;'%Clwgqi;_gqtg% aggrwﬁollyégeep%i di seiuences gf7 TAR2h- 10- 57
BVpp! i ! . -10-
in 1088%M QG yci ne/ %!ﬁ’s to pl—ﬁ%pﬁg'%@&/oggl ygﬁéB:So‘Fﬁg}#%
0..75my/ 2. . JTAR2h-10-27 w,l.d t sto i is /
@')}'@[{ge@gﬁﬁ. 0 Vfﬁloefgng];cl ycer \g}/&at (k)ﬁ.ggoGrrg/ rﬂ%l 12%%0

TAR2B; 10-276ys RFGy| at edzni thog x 10KeBEG 20 SOMMNat 65
Acetate pH4.0 at 0.24ng/m . 4. TAR2h-10-27 wild type

in 100 CGagciisel  Tri ssdsee pH»2.0 + 1@%0gl| yieer ol a£66129
0.29mg/ M. . TAR2h- 0-27cys, reduced and al kyl at ed

W t Im. 5 odoieret anisle i 9475eMNa Reet at e.6864. 6.9t 4.782609
0.14ng/ M . 6. TAR2h-10-27cys in PBS pH7.2 at | n%/ n .
Met 48l FOr45BAR.45 5- §0923A%1 es3.1di | utS8s Were 10.64516

perfornmed to a startingq%concentration of 3mg/ M in

20 5.8f re¥BecttiVe bUFT¥R4 PBS'was ¥ td-ldilute t it

G 12 MR Al ustn 2 di Pabe "t HTTRLD Banpl B 25h0

s JRas U (00 o gammhes gl e o e o
215 20856 215 2394419 05 29472 05 66
15 26004 15 3432 04 27984 04 82.5

0.95 3531 0.95 54.18947

0.8 44814 038 64.35
0.55 27.588 0.55 93.6
Hel4 Citrate pH6 Hel4 Citrate pH6
Tris / Gly pH8 obs  Tris / Gly pH8 exp obs exp
Vol Conc Vol Conc Vol Conc Vol  Conc
20 3.564 20 3.564 20 2397 20 2.397
14.6 3.696 14.6 4.882192 147 3.723 147 3.261224
10.3 7.722 16.3 6.920388 10.8 5406 10.8 4.438889
6.8 8.184 6.8 10.48235 8 9.996 8 5.9925
4.1 17.094 4.1 17.38537  5.55 11.985 5.55 8.637838
22 29.832 2.2 324 385 20.043 3.85 12.45195
1.156 4488 1.15 61.98261 26- 16.473 26 18.43846
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concentration could be obtained by multiplying by 0.66
for TAR1-5-19, 0.51 for HEL4 and 0.41 for TAR2h-10-27,
W0 b@s®33502 recti on factors bei ng obtained from PCT/GB2004/004253
theoretical extinction coefficients. Volunmes were
measured to the nearest 50nm, using a G lson pipette.
Sanpl es were concentrated in 20m Vivaspi n devices
(Mivaspin AG GCermany), PES rreg’or an of 5%
DeVPces W46 cdfirifuge®f ht 3:8800g f%gzm?ch t ;[)5%51
Cc rifu or m ns atj at 4t start o
eggéri rre%te'z,gsanod hi s tﬂ?rééei nt '?Sal %Jg)%l ng?ease%'ggggz
sanpl es becane nore concentrgted angh 4dgergeiore sl gygs
to increase their concentration. After each spin, the
sanpl es were renoved from thgggdevi cap.cond dde Vvoiamsess
was neasured. A 1nml aliquot was transferred into an
Eppendorf tube and spun at 160.800g f1@8.45 ®i3ns in #9.8
m crofuge to pellet any precipitate and the A280 of m
of the supernatant diluted into | OOm buffer was
nmeasured. Aliquots were then resuspended and added
back to the main pool along with the | COnl used for
A280 reading before returning it to original Vivaspin
devi ce and continuing with the concentration.
114Experi nental concentrations of the sanples were
cal cul ated fromthe observed A280s and plotted vs
vol une neasured. Also plotted were the expected
concentrations for each volume, extrapolated fromthe
starting A280, based on the linear relationship
bet ween concentration and volune i.e. = Results
Results of these solubility studies are shown in
Tabl es (concentrations for TARI -5- 9 and HEL4) and
(concentrations for TAR2h-10-27) and in Figures
(TAR1-5-19) and 14 (TAR2h-10-27). 115Table 10:
bserved (obs) concentrations of TAR -5-19 and HEL-4
dAbs and their theoretically expected (exp)
concentrations at various vol unes post concentration
in several buffers.
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20MM CitratepH 20rM Citrat epH obs exp PBS pH7. 4 obs

PBS pH7.4 exp Vol (m ) Cone Vol Cone Vol Cone Vol Cone
WQ@002/055842 20 2. 574 20 1.65 20 1.65 15.2 4. 488 BEI/&B2004/004253

3.386842 12.4 2.904 12.4 2.66129 11.5 4.224 11.5

4.476522 6.9 4.686 6.9 4.782609 8.45 7.458 8.45

6. 092308 3.1 10.89 3.1 10.64516 5.9 9.702 5.9 8.725424

1.1 27.588 1.1 3Q 4.25 10.626 4. : 4 0, 85. N

Talplerb QoesveskiohssncopigRoRe g L0 24 0383 ppd iy theoretially

expecER eBp)gronsenitalignoe VaueusVolemespash aonyenfratiopgn geverg byffers.

66 1.5 26.004 1.5 34.32 0.4 27.984 0.4 82.5 0.95 35.31

0.95 54.18947 0.8 44.814 0.8 64.35 0.55 27.588 0.55

93.6 Hel4 Citrate pHe Hel4 Citrat H6 Tris / H8
OUEART A9 27 v/ pr A AR D @y JARBAD) G270
Cone©oS#sivetione 20 3. 588U 3. 564 20°08886% 20 2. 394984 6

696 14.6 4.882192 14.7 3.723 14.7 3.261224 10.3
?@?@@ 10F€”%.92§é§8 16°%° 5. 406 Y9 8 4°%%8889 % 8 8°9%4

6.8 1Q.4823 9.9 8 5.99 4.1,4:.094 11 853
5.55 gq. 985%g.§55 8%@37838 2825 29. %52 2. 20'\6362.4 §3§85 6.060
20. 94853. 85 okg. 43395 1. 15 44988 s jp 619882611645  0.492
16.473 2.6 18.43846 1160.8 36.828 0.8 89.1 1.85 18.921

1.8%1.85.913%k5 11.85 1.899  7.95 0.921 7.95 1.019
8.1 2.718 8.1 2778 395 2116  3.95 2.051

5.35 3.998 535 4.206 1.4 5.715 1.4 5.786

4.4 4.662 4.4 5114  0.95 7105  0.95 8.526

2.25 8171 225 10.000 02 31693 0.2 40.5

135  20.008  1.35 16.667 0.1  78.269 0.1 81

0.55 29.602 0.55 40.90909

0.2 38.95 0.2 112.5

TAR2h-10-27(c)  TAR2h-1027(c)  TAR2h-1027(d)  TAR2h-10-27(d)

obs exp. obs , exp
Vol Conc Vol Conc Vol Conc Vol Conc

20 0.24 20 0.240 50 0.29 50 0.290

18.6 0.24 18.6 0.258 16.95 0.665 16.95 0.855
7.85 0.558 7.85 0.611 10.1 0.989 10.1 1.436
2.7 1.64 27 1.778 6.15 2.001 6.15 2.358

0.75 5.482 0.75 6.400 3.15 4.203 3.15 4.603
0.15 30463 - 0.16 32 21 4.494 2.1 6.905
0.075 55.268 0.075 64 1.3 11.439 1.3 11.15385
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0.55 26.268 0.55 129.6 1.1 31.059 1.1 43 .58182 0.75
49.368 0.75 63.92 0.65 59.007 0.65 73 .75385 0.3 129.4
wWO@2®505878 117Tabl e 11: bserved (obs) concentPEL/GBa®4/004253
of TAR2h-10-27 dAbs and their theoretically expected
(exp) concentrations at various vol umes post
concentration in several buffers. TAR2h-10-27(a)
TAR2h- 10- 27(a) TAR2h-10-27 (bb TAR2h- 10- 27(b) observed
expect ed observed expected VoP48H )2&Hfe vdl-4&one1\BEe
Cone Vol (Done 30 0.75 30 0.75 135 0.06 135 0. 060
18.85 1.046 18.85 1.194 16.45 0.51 1 16.45 0.492 1.85
1.15 1.85 1.899 7.95 0.921 7.95 1.019 8.1 2.718 8.1
2.778 3.95 2.116 3.95 2.051 5.35 3.998 5.35 4.206 1.4
5.715 1.4 5.786 4.4 4.662 4.4 5.114 0.95 7.105 0.95
8.526 2.25 8.171 2.25 10.000 0.2 31.693 0.2 40.5 1.35
20.008 1.35 16.667 0.1 78.269 0.1 81 0.55 29.602 0.55
40.90909 0.2 38.95 0.2 112.5 TAR2h-10-27(c)
T@@\Eﬁi&z?@ c) TARZRNA4-878y (d)TARBRIo-2Rr 27 ( TARORS 02X Q)
obs exfy Vol Cone Vog,,Cone Vol CongsVol Cone 20e§, 24 20
0.240 50 0.29 50 0.290 18.6 0.24 18.6 0.258 16.95
001665 1665 0.\8H5 7. &pnb. 558vof. 85 @dndl 1ol 0. 988nc
10.1 1.436 2.7 1.64 2.7 1.778 6.15 2.001 6.15 2.358

12.5 0.14 12.5 0.14 19.4 0.834 19.4 0.834
1.0540

16.05 0.106 16.05 0.109034 15.35 0.911 156.35 46
1.2029

7.3 0.214 7.3 0.239726 13.45 1.123 13.45 44
1.3261

3.05 0.496 3.05 0.57377 12.2 1.263 12.2 97
1.7977

1 1.533 1 1.75 9 1.595 9 33
1.9852

0.3 5.453 0.3 5.833333 8.15 1.488 8.15 27
2.3619

0.12  10.537 0.12 14.58333 6.85 1.87 6.85 85
4.9029

3.3 3.141 3.3 09

8.7457

1.85 4.44 1.85 3

46.227

0.35 9.717 0.35 43

85.155

0.19 7.339 0.19 79

Key:

/ TAR2h-10-27(a) = TAR2h-10-27-cys reduced in Tris/Gly + 10% glycerol pH4.
TAR2h-10-27(b) = TAR2h-10-27 wt in Tris/Gly + 10% glycerol pH7.
TAR2h-10-27(c) = TAR2h-10-27Cys PEG 2 x 10K in 50mM Acetate pH4.
TAR2h-10-27(d) = TAR2h-10-27 wt in Tris/Gly + 10% glycerol pH5.
TAR2h-10-27(e) = TAR2h-10-27Cys in 50mM acetate, blocked i.e. non-PEGylated.

119



10

15

20

25

0.75 5.482 0.75 6.400 3.15 4.203 3.15 4.603 0.15

30.463 0.15 32 2.1 4.494 2.1 6.905 0.075 55.268 0.075
W®2003/0%57439 1.3 1.15385 1180. 465 20. 664 0. 465PCL/GBAAMDY/004253

TAR2h- 10- 27(e) TAR2h-10-27(e) TA2h-10-27(f)

TAR2h- 10- 27(f) obs exp obs exp Vol Cone Vol Cone Vol

Cone Vol Cone 12.5 0.14 12.5 0.14 19.4 0.834 19.4

0.834 . 0540 16.05 Q. 106 16.05 4 35 0.911

15. 3 ARSh- 1@@Z§)7T§F§hﬂfﬁ7ﬁy%reéu°fé§‘7% %E’)Zs 1.123
13.45 44 1.3261 3.05 0.496 3.05 0.57377 12.2 1.263
Cpachusivps 7977 1 1.533 1 1.75 9 1.595 9 33 1.9852 0.3
5.453 0.3 5 833333 8.15 1.488 8.15 27 2.3619 0.12

A oFayFARI-$o1% 4 58333 6.85 1.87 6.85 85 4.9029 3.3
3.141 3.3 09 8.7457 1.85 4.44 1.85 3 46.227 0.35 9. 717

0. 3514 Sitrate pH6: the limiting solubility appears to be ~20mg/ml. The maximum
concentration achievable is about 40mg/ml, but in achieving this concentration

approximately 20mg were lost in precipitation.

In PBS pH7.2: the limiting solubility appears to be ~40mg/ml, which is also
probably the maximum concentration achievable. There were no losses to precipitation

until this threshold and only then did further concentration cause precipitation.

In Tris / Gly pHS: the limiting solubility appears to be ~ 30mg/ml, with very little
protein loss up to this concentration. Above this concentration, precipitation is observed.

Maximum achievable concentration is ~ 40mg/ml with losses of ~ 20mg/ml.
B) For TAR2h-10-27:

TAR2h-10-27 wild type (TAR2h-10-27(b)) in buffer with glycerol agreed well
with expected values. This sample had been prepared early in the project’s lifetime and
had thus suffered several precipitations owing to buffer incompatibility, with subsequent
resuspension steps. Therefore, it is possible that all misfolded and/or unstable material
was removed. It has been noted that TAR2h-10-27 displays three alternative pIs when run
on an IEF gel. This suggests alternative foldings, some of which may be more soluble

than others.

PEGylated TAR2h-10-27cys also agreed very well with the expected values and

reached a concentration of ~ 60 mg/ml with no precipitation.

Reduced TAR2h-10-27cys in PBS (DOM1h-10-27(f)) was the most susceptible to
protein loss through precipitation. The pH of PBS is close to one of the observed pl
values for TARZh-10-27.
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85.155 0.19 7.339 0.19 79 Key: TAR2h-10-27(a) =
TAR2h- 10- 27-cys reduced in Tris/Ay + 10% gl ycer ol

WQRSOTARZN- 10- 27(b) = TAR2h-10-27 Wt in Tri s/ BUyGB2AN4253

gl ycerol pH7. TAR2h-10-27(c) = TAR2h-10-27Cys PEG 2 x
10K in 50™ Acetate pH4. TAR2h-10-27(d) = TAR2h-10-27
w in Tris/@y + 10% gl ycerol pH5. TAR2h-10-27(e) =

TAR2h- 10-27 in5b , hl Kk i.e. . .
RO o (T EREE T K S —
(F%ﬁ-el@-iﬂe @ R cbntdin &RAEH PRGN ?ovaa)nty Rehclld6h tdbel@awn.

ncitrate the limting solubility appears to be
~20ng/ mM . The nmaxi mum concentrati on achi evable is

aboutAt4digond (TARZh: 1Q-27¢w) andi TR il &-2¢6hk ahetbst wald type or with

roxinmat el y .20 | 0 -pr.ecl pi i-0f: | .
RS FRL S| R0 VS Ll B b 8Ring DofBfon o
~o0ingfini & -2l Gag/RilebRbivelhend b predipitathaenitiodbdlation. Maximum
achi evabl e. T%ere were no | osses to precipitation

congentratipissrerdhed sieet H0magal 6ad v oreml erspectiyelyplpyt losses of 75mg and
C i Lpjptation. In Tris / Gy pHS:

1R B e SRR SHMAES ' be somg/mt, with

very little protein loss up to this concentration.

AbBaretIEhids concentration, precipitation is observed.

Maxi mum achi evabl e concentration is ~ 40ng/mM wth

| f 20mg/ m TAR2h- 10- 27: TAR2h- 10-27
wh o PRt RR TR A Ao B GV RCBOd 2110 — 15me, bu
tIRY1R8 deiBhbd Motdora¥eshfhiRlodSRout Y dkpSRiBhie ﬂl%@stﬁ%%jbssible
a

prepared early in the project's lifetinme and t hus
bsngfifigtocte swpdraiie. preci pi tations owing to buffer
inconpatibility, with subsequent resuspension steps.

Th f . | - ] | ded and/
AR Crncebrh B BB S b ot ed ¢t

TAR2h-10- 27 di splays three alternative pis when run
dAbs specific for CD40L are referred to using the nomenclature prefix “TAR4.”

Concentrated dAb preparations highly specific for CD40L were prepared using Vivaspin

5 kDa MWCO concentrators as described herein. Concentration was measured by A280.

Specifically, the human CD40L-specific dAbs TAR4-10 and TAR4-116
(polynucleotide and amino acid sequences are provided in Figure 16), which have IC50s
of ~100 nm and ~100-250 nm, respectively, have been concentrated to 5.8 and 17.7
mg/ml in Tris-Glycine buffer, pH 8.

Example 9. Concentrated preparations of PEGylated dAbs

PEGylation tends to increase the solubility of polypeptide molecules. Thus,
PEGylated dAbs vﬁll generally be capable of achieving higher concentration than non-
PEGylated versions of the same dAbs. However, it is important to note that the
molecular weight of the PEG polymer moieties plays a role in the degree to which
PEGylated dAbs can be concentrated. Large PEG polymers tend to cause the solution to
become viscous, to the point where the preparations are not efficiently concentrated using

centrifugal concentrators. Thus, smaller PEG polymers, e.g., 5 kDa or 10 kDa polymer,
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on an | EF gel. This suggests alternative fol dings,
sone of which may be nore sol uble than others.
w@EBp3tserd TAR2h~10- 27cys al so agreed very wel PCTHGBR004/004253
t he expected val ues and reached a concentration of ~
60 ng/mM with no precipitation. Reduced TAR2h-10-27cys
in PBS (DC]\/Ilh 10-27(f)) vvas the nost susceptible to

r ot in t.hr ough reC| tion. H of PBS.
Bigub Pl BhEcobetfyly fis, Sk aC ght bathD PeCeotymer
ok AETARZ A niofebalS pool \Nhl ch had been reduced and
bl ocked with iodoacetan de (TARZh-10~27(e)) did not

contai n enough protein for any conclusion to be drawn.

At phAsansrampleTifbhcargentation agkigvabAreih 2 EGyletpy dAb, a
g@ﬁ}lﬁ&{ vé@”smﬁj otfme rTI\\’l\i*"lU1 dgh G A F(B y@e’ﬁghg ﬁngak%%ﬁ rk\beald

avl our was SI reac

5 PEGytRioh @hd cuhcelﬁtraté’d} migllnma VG aspirnl €omgénttatsre sp&Linighel iy Tris-
and then precipitating out of solution. Maxinmm

Acglatedierinfo A s Quaniigtion Wes BY Aesty/ M and 20 g/ nd

respectively, but |osses of 75mgy and g of protein were

requigig gotteg tl@a(’i Iﬂiiﬁq‘é{s cdfdbStratiohs EPPE@&I’aéed c@%cﬁ@fuﬁﬁ{g‘ tﬁ&e with

reached ~13 protein [oss neasured at
lalgqrg’,ECbmomtths,s:ahm heanhlﬁvmbbymecmcemMmgde%ﬁmﬂed dAb to the

R B o P T PR
10 c&cenipdtbrsChaDihefl NRPhilBMSHS RDEdihih g sélﬁflomﬂé—PEGQends to stabilize

referred to usi n? t he nomencl ature prefix "TAR4.
thegreleit to assief itsAolubilép apen romgiratioghny sspder Yelemeor
CD40L were prepared using Vivaspin 5 kDa MACO

ESGAEEY, e RS PRAR B Ak o ves
CDAOL- speci fic dAbs TAR4-10 and TAR4-1 6
( pol ynireh bighlydepeeaifid famhummngSiSA IS cpeeptor 8K &1l 8- 1[Hrmiv) lsdeen

N Fi re 16 ICBOs 100 n and 100-25
IR s e A P D I T R O AR
15  TAR2A10BA AL i8 sHdwSb&bci ne buffer, pH 8.

After expression, the TAR2h10-55 dAb was concentrated in PBS, pH 7.4 using a
Vivaspin spin MWCO 3,000 Da concentrator at 4°C and 4,000 rpm. A concentration of
88.2 mg/ml was achieved, as measured by Agp. Cell-based assays for antigen biﬁding
revealed no difference in potency of the highly concentrated dAb preparation versus non-

20  concentrated dAb material.

Amino acid sequence* of TAR2h10-55 dAb:

EVQLLESGGGLVQPGGSLRLSCAASGFPFEWYWMGWVRQAPGKGLEWVSAISG
SGDSTYYADSVKGRFTISRDNSKNTLYQQMNSLRAEDAAVYYCAKVKLGGGPN
FGYRGQGTLVTVSS (SEQ ID NO: 87)

25 * The pDOMS vector adds two residues (a serine-threonine dipeptide) to the N-terminus
of the dAb molecules and a Myc tag (AAAEQKLISEEDLN) (SEQ ID NO: 88) to the C-

terminus.
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Exanpl e 9 Concentrated preparati ons of PEGyl ated dAbs
PEGyl ation tends to increase the solubility of

w@oioppaysr: de nol ecul es. Thus, PEGyl ated dAbs wedT/GB2004/004253
general |y be capabl e of achieving higher concentration
t han non- PEGyI ated versions of the sane dADbs.
However , is inportant to note that the nol ecul ar

SEAAL AR el b s

Large PEG polyners tend to cause the solution to
becoidd by sgeifitsfor thmnhn eemmi aibumindrage bémm ipoleiedaad exprsssed from

RO et Anfristurt SRGB A BESe SR W Foteige e Hamenciature
pEQ?@IrAl@@ (:tﬁé%%nﬁﬁlan bﬂt}%@ﬁ%@@ﬂ@é féferl/édetbdﬁu% tﬂé ﬂ&ﬁénclature

concentration than, e.g. kDa or 50 k
5 pwmedﬁ ¢ peinsBabde 8 Abreir)] é@@h@wn Astharﬁaté@(bﬁpvvetmedfﬁ@r

R RS ran TGl o ehE T iRt Ry S S0 to 50t

Aeiabiabid skipass 36 pkdladddEfdvat | on, was concentr at ed,
using a Vivaspin concentrator to 65 ng/mM in Tris-

Acet at e buffer, |tat|on wasgg%o&éé ?{9
t hat #ieg ﬁéﬁrem@?ﬁﬂ% Vesre pRISgREA 79488,
VDEbHARENIIEER UhG Bl Bh AGIBEG 11 Bl IaoT0 B SR le

concentrating a
10 cbmdﬁntraqnﬁrs ﬂhﬂgeddirdmy 88 émt 38 doghpall as ammsumtﬂ bmtAasos Fuethgr goncentration

Vi o d_t
1 Ry eRTh s BIRERRGA Fon P SRR, CoERQOPEUERES 1o

stabilize the protein to assist its solubility upon

CTe-hydRadigRe 11 a shal el YospM& Exanpl[e 1($olub111t'¥ (mg/ml)
Concentrated dAb preparations specific flor p55 TNFR

dAb highly specificifor human p55 TNF receptor M has

been T2R3A and ekpressedSPid t he pDOM vect or>93The
am' no aci d sequence _of the TAR2hl 0-55 dAb is shown

ON\AL or aNv-nir--oac

UCTT O C/\[JI €St Gﬁ, t :ﬂ Tml\wmh{ G 55 dAb was
conceﬁ@:@?‘czc? in PBS, pH 7. 4lg0l93| ng a Vivaspin spi ﬁl
3,000 Da concentratpr at 4 C and 4,000 1pm A

concemARBh-Zn of 88| 2 ny/ m200asMachi eved, as neasifoed
by Cel |l -based assays for antigen binding

Amino acid Sequence* of HSA dAbs:

TAR3h-22
15 EVQLLESGGGLVQPGGSLRLSCAASGFTFSKYWMSWVRQAPGKGLEWVSSIDF
. MGPHTYYADSVKGRETISRDNSKNTLYLQMNSLRAEDTAVYYCAKGRTSMLPM
KGKFDYWGQGTLVTVSS (SEQ ID NO: 89)

TAR3h-23
EVQLLESGGGLVQPGGSLRLSCAASGFTFYDYNMSWVRQAPGKGLEWVSTITHT

20 GGVTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKQNPSYQFDY
WGQGTLVTVSS (SEQ ID NO: 90)

TAR3h-26
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revealed no difference in potency of the highly
concentrated dAb preparati on versus nonconcentrated
w2585z i al . Amino aci d sequence* of TAR2hl PEBEGH24/004253
EVQLLESGGGEL VQPGGSL RL SCAASGFPFEVWWVGWRQAPCGKGLEW/SAI SG
SGDSTYYADSVKGRFTI SRDNSKNTL YQQVNSL RAEDAAVYYCAKVKL GGGPN
FGYRGQGTLVTVSS(SEQ D NO. 87) The pDOVb vector adds two

gﬁﬁ%@ﬁv@c&@ EFS@W%KGLEWVST&PH
G PR 1 AKQDPLYRFDY

d dAb preparations specific

P
g’ %Og?cgatmse BB 8 erlof 6o NTAIpaRidS G freobsestmmusam 2 Myc tag

5 toithecpBManyector. Anti-serum al bum n dAbs are referred
to using the nonenclature prefix "TAR3" (the serum
al bumi n binders are also referred to using the
nonmencl ature prefix "DOM/," e.g., in Table 9 herein).
As shovvn in the table below, the K' s for exenplified
cl on = 6. _ran
e B0 Pt PR R By R b 0 et Dereby
1n¢xfrpeuated>m'rre&sema in thodr eniSfstyl ABhiletiie 1@@11'1@(&1"1&2&%@&1 pbﬂﬁcularly
hPBS EH 7. 4&’ E%%\/vaspln spin MACO 3, 000
shewh @af\ fpseriBed it reé’ﬁ%“@m?feﬂ?cbﬁmb%&me@@é@reof it will be

10 un@@ﬁﬁb%ﬂ{b?%és@@ﬁﬂfe@nlg% & R \83?1 E gesnig/ f%ﬁ{m and ﬁg PGy e

Furt her concentration is 0SSi
bérpint withooh dewestimg frombtbe soopd oﬁthetliilmlaon encompassed by the

on trations. dAb clone 1 C50/Kd Solubility (nmg/m)
ap?‘i{%g %‘é‘“ M >93 TAR3h- 23 800 M >138 TAR3h-26 200 M

>90 Anmino acid Sequence* of HSA dAbs: TAR3h-22
EVQLLESGGGEL VQPGGSL RLSCAASGFTFSKYWWBW/RQAPCGKGLEW/SSI DF
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MGPHTYYADSVKGRFTI SRDNSKNTLYLQVNSLRAEDTAVYYCAKGRTSML.PM
KGKFDYWGQGTLVTVSS (SEQ | D NO 89) TAR3h-23

WEMPENESEEEL VOQPGGSL RL SCAASGHTFYDYNVEWRQAPGKGLEWEBRODHI104253

GGVTYYADSVKGRFTI SRDNSKNTL YL QUNSLRAEDTAVYYCAKQNPSYQFDY
WGQGTLVTVSS (SEQ I D NO. 90) TAR3h- 26

123EVQLLESGGAEL VQPGGSL RL SCTASGFTFDEYNVBW/RQAPGKGL EW/STI
LPH

GDRTYYADSVKGRET! SRONSKNTL YESNMRAEDT AVYYCAKQDPL YRFDY
WEQGTLVTVSS (SEQ ID NO 91) As noted above, the pDONb

1VOCt Rhpdstiish ShasRRM p¥hdpBds BmpHdigs AkingR MRdhndmMifoglobulin
tag to the Gtermnus. ‘AUpatents, patent applications,
vamablpdihiistka binfsarpohmestids endigen aridi mKapklesithapgr equal to 100

o P B e Sh B R T g0 oo
SRS 6B aBedrParce bEHENGE 86 ﬁmﬁﬁﬁfe%nﬁﬂﬁ enbodi ment s
thereof,”it wll be understood by those skilled in the

art that various chag&gs_in formand details may

d o be .
2mithe compesition of elnioul vdhersir saidgolypentidenerissssb at »eoncaairation of

L v [ conpassed by the appended cl ai s.
4@@&@%&1WA conmposition conprising a pol ypeptide
conprising a single human i nmunogl obulin vari abl e
3dgmBicBmbbégtiolbhélaind 1 pdicyade piid gelypetidgantivér b adueafan lpebpeptide
than or equal to 100 nM wherein said polypeptide is
apitgeient at a concentration of at |east 400 m as

determ ned by absorbance of |ight at 280 n wavel engt h.

2 & el ahenod : :
42 LD BOROTLL LS, SLIELE B MRy gt e
ddheindeapisddmain. of claim 1 wherein said pol ypeptide

antigen is a human pol ypepti de
5. The composition of claim 1 wherein said polypeptide consists of a human

immunoglobulin V domain.

6. The composition of claim 1 wherein said single immunoglobulin variable domain

comprises a universal framework.

7. The composition of claim 6 wherein said universal framework comprises a Vg
framework selected from the group consisting of those encoded by human germline gene
segments DP47, DP45 and DP38 or the V. framework encoded by human germline gene
segment DPKS.

8. The composition of claim 1 wherein one or more framework (FW) regions of said
immunoglobulin variable domain comprise (a) the amino acid sequence of a human
framework region, (b) at least 8 contiguous amino acids of the amino acid sequence of a
human framework region, or (¢) an amino acid sequence encoded by a human germline

antibody gene segment, wherein said framework regions are as defined by Kabat.

9. The composition of claim 8 wherein the amino acid sequence of one or more of said

framework regions is the same as the amino acid sequence of a corresponding framework
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antigen. 4. The conposition of claim1l wherein said

si ngl e human i nmunogl obulin variable domain is a Vv
waelvaiosss75. The conposition of claim1l wherei "PGHGH2004/004253

pol ypepti de consi sts of a human i nmunogl obulin V

domain. 6. The conposition of claim1l wherein said

si ngl e i nmunogl obul i n variabl e domai n conprises a

uni versal framework. 7, The conposition of claim6

regherr encrdedby a linmas cemmline aRRBObE SE0E SRFRFY Y the gmino acid

fr I, I LSt . .
OB P PR AUBEONSLa g 070 £ i
26083BfraenddR eclbtivevbe kmamvcodectqbsnch viisaid gemredpbnding mmework

segnent DPK9. 8. The conposjtjion of claim1 wherein
TRgHEN BICORRH BY ﬁh&ﬁ’é%?’ﬁnl(wui” | $RE SBFMEY; ¢

i mmunogl obul i n vari abl e domain conprise (a) the am no

18CHde %@ﬂg@ﬁﬁ&l Of c18inl8 WRreid AERWIAKadi@dbRRncds BY fidbnework regions
 east 8 contiguous am no acids of the am no acid

F3éh a2, WD aad AWk acefthaspsyorsithe eminsracidbeqpence i cam¢spending
aci d seguence en ed by a hunman i i .
B SENSTE S GRERIF % Dir PSR BB o e

adigfsbned céyo il al FW2, Fineand o sblldctinel§fcotitati wp € 10 amino acid
wherein the am no aci d sequence of one or nore of said
diffesenorp relativegp dhssaqyencheoSearespanditeeir e ek degigns encoded by

SRR 0t AR ST B R Rele PP O gene segnent . or

the am no acid sequences of one or nore of said
11 r aevwomkositgh ofaaiao! Mdetdi s Veaioprirseonpises ths saqianoe

acid differences relative e am,no..acid sequence
ciodsa i BT FRS B SAFETFAHRRAF R BGF b TR G e Afge Gom tht
e@%ﬁ&@g g? &IpH7 e{ﬂf%nél Bt 1RRYosHRNE s88E@BERbm thE grolifonsisting of H30,

np tion of claim@8 wherein the am no acid

Hsd o H8BcE35,315G, EEReil62& H8gHOASHFWH SRS, HOB andh HOBW
are the sane as the am no acid sequence of

orr espondi.ng f eWork regi :
P R el
cBQeE BG @rfind™W; gefdNegmeMBD PATIL I WAhiclp tiffeed in\sedpyence from that
contain up to 10 am no acid -
encoded by DP47 at one or more positions selected from the group consisting of H30,
H31, H32, H33, H35, H50, H52, H52a, H53, H54, H55, H56, H58, H94, H95, H96, HY7,
HO08, H99, H100, H100a, H100b, H100c, H100d, H100e, H100f, H100g, H101, and

H102.

13. The composition of claim 4 wherein said Vy domain comprises the sequence
encoded by germline Vy gene segment DP47 but which differs in sequence from that
encoded by DP47 at one or more positions selected from the group consisting of H30,
H31, H33, H35, H50, H52, H52a, H53, H55, H56, H58, HO5, H96, H97, HO8, H99,
H100, H100a, H100b, H100c, H100d, H100e, and H100£.

14. The composition of claim 4 wherein said Vy domain comprises the sequence
encoded by germline Vi gene segment DP47 but which differs in sequence from that

encoded by DP47 at one or more positions selected from the group consisting of H30,
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differences relative to the sequences of correspondi ng

framewor k regi ons encoded by said human germine
wW@niosisrsy2 gene segnent. 11. The conpositi on of PCT/&BP004/004253

wherein said V donain conprises the sequence encoded

by germ i ne gene segnent DP47 but which differs in

sequence fromthat encoded by DP47 at one or nore

ositians selected fro h r nsl, st :
RHILE e SRRL A B R R
01962 2Pl 166 HO8. 12. The conposition of claim4

wherein said V domain conprises the sequence encoded

by germine V gene segment DP47 but which differs in
15edbenoepdsiioon efdeinehvdgisin 1 Brely hymap frrmypogiepelin variable

osit.io el ected fromthe group consisting of H30,
dg}@i{nlﬁ@g&q@&m'ms, H50, H52, Hb2a, H53, H54, HB55,

H56, H58, H94, H95, HI96, HO7, HO8, H99, H OO H O(a,
151 &b corbéion &t ieh 13Hwhkdein sal d¥dlypebti@OgonstdtdDdf, a simgle human
_H102. 13. The conposition of claim4 wherein said V
ipraeEokHY1 de®alhe sequence encoded by germine V
gene segnment DP47 but which differs in sequence from

h 7 g ect ed
1 e BREAR BRATL P, Al FPAGRES y iopuptl o0
H52, H52a, H53, H55, H56, H58, HI95, H96, HI97, HOS8,
1819%he bbrabdsitidr¥Iclaibl TOwherin@ai V Hi&ein chinPlsgs thesequence

H OO . 14. The conposition of claim4 wherein said VH
endad hy gompineséssatssesnanid e buoe diblpryiarssaigrge fpm that

ene,se DP47 but whi.ch diff ' £
oRE B B i B L0 Bl BRRSA  0.
181.0m7%, he4drsn)p.560N81, 9192NDoRN MBI IDB6H31, H33, H35,
H50, H52, H52a, H53, H55, H56, H58, H95, HI97, H9I8,
H99, H OO H O0a and H OOb, 15. The conposition of
18} Therpampprilien of Myl S WhgEE RithtindomsH SEEPEEM thp sequence

varj abl e damaiy is i Si L
VT o 0o BB TP, SO A4 P
eRSRN b MAKTOLH o2 Wk infbrél @8Rt dhs selected from the group consisting of 1.28,
1.30,131,1.32,134,150,151,153,191, 1.92, .93, 194, and L96.

20. The composition of claim 1 that further comprises a pharmaceutically acceptable

carrier.

21. The composition of claim 1 wherein said polypeptide binds said antigen with a K4 of

100 nM to 50 pM.

22. The composition of claim 1 wherein said polypeptide binds said antigen with a K4 of
30 nM to 50 pM.

23. The composition of claim 1 wherein said polypeptide binds said antigen with a Kd of

10 nM to 50 pM.
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17. The conposition of claimwherein said domain is a

V domain. 18. The conposition of claim 17 wherein said
wO/2@beM885m conpri ses the sequence encoded by geP@i/GB200W/004253

gene segnment DPKO but which differs in sequence from

t hat encoded by DPK9 at one or nore positions selected

fromthe group consisting of L30, L31, L32, L34, L50,

5 L91, L92, 3 94 and L96. 19, The.co itio
25 The SPAPATORhRr SR SHEEP TR AIHIL SR LSRR, frork fhe group
cSRGHBRGE hEREA I KkIEs, ¥§tIKid R cAft @SRz B e e s fadtiisJodizymes and
which differs in sequence fromthat encoded by DPK9 at
Do bordingpretapessi t i ons sel ected fromthe group
consi sting of L28, L30, L31, L32, L34, L50, L51, L53,
9 L92., L93 4 n 6, T Ltjon of
257 Specanpastion o i f Mo ir wig Stie InEREPENEG. DT
acceptable carrier. 2 . The conposition of claiml
2vhengchmpaditorPof AHBPL HRerlRinWisd Satistpaiaé heerlived faidnahan TNF-
100 Mto 5 pM 22. The conposition of €laim1 wherein
asiaiacstandhyddedPoi id eithn aday, seitoanalittss g0 lerdesef 3 Mto 5
pM 23. The conposition of claim 1l wherein said

0 epti de.bi nds .sai nti gen, Wi.th Kd of .1 Mto
2rhE S8 ot SR B Rt b Rbiito Hd Gattence of
TARES 18T5EQED NO: 36) 6 Reudncemt fehe 90V upileORIEY MM WEA16.
human cyt oki nes, cytokine receptors, enzynes,
co-factors for enzynes and DNA bi ndi ng proteins. 25.
28 h&he eerppeditiomel @aine] wheseln b aigen dulignamt Ngwhreceptor pSs.
human TNF-a. 26. The conposition of claim25 wherein

287 1 ErabTEe OO S PRl Y b P o ettt of
hhSS8 TNE o id R 8taR @R IDDD i MRl asEdyaivith 28 10 a0 ndbless.
pol ypepti de conprises the sequénce of TAR1l-5-19 (SEQ

ID NO 16) or a sequence at |east 90%simlar to SEQ
30.DTNOcorpositi® of hanmchwberkin seil reflyrdptiereammpines diersequgnge of

1AM @80 15 N8 T8) of DcRef @%E a8 9095 Bimilar to SEQ ID NO: 14,

31. A method of preparing a composition of claim 1 comprising the steps of

expressing a nucleic acid encoding a single immunoglobulin variable domain
polypeptide in a host cell, wherein said polypeptide binds a polypeptide antigen with a
kD of less than or equal to 100 nM,

and concentrating said single immunoglobulin variable domain polypeptide to a

concentration of at least 400 pM as determined by absorbance at A280.

32. The method of claim 31 wherein said nucleic acid comprises the sequence of one of
SEQIDNOs 1, 3,5, 13, 15, 17, 19, 21, 23, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47,49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73,75, 77,79, 81, 83 and 85 or a

sequence at least 90% identical to one of these.
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29. The conposition of claim 28 wherein said
pol ypeptide inhibits the cytotoxic effect of human

waNesm3ism a standard L929 in vitro assay, w t hp@nGB2®@/004253

of 100 nMor |ess. 30. The conposition of claim28
wherei n said pol ypepti de conprises the sequence of
TAR2 (SEQ ID NO 14) or a sequence at |east 90%
imlar to.SEQ NO 14. .31. A et of preparin .
Fom6ermPSitaroiaRh 1t il PHEFIIEe PiplsSR Hormdhn himer of
s8Y RIBIShBarRiniHEh S Shudi iverigile aeinBm. & singl e
i mmunogl obul i n vari1 abl e domai n pol ypeptide in a host
cell, wherein said polypeptide binds a pol ypeptide
34nThgepmpptiiomof d@sf 31 waereihwitbiroraerualtinies isjplomadimgner a
h&QRRERL ating said single imunoglobulin variable
omai'n pol ypeptide to a concentration of at |east 400
mM as determ ned by absorbance at A280. 32. The met hod
36f The admpodigeeoficlsiai 3 whekm the avndmesnitheskbsndheltimer are
se%%%%ce of.ong of SEQID NGs 1, 3, 5, 13, 15, 17, 19,
spepificer apanltisgbunvlargsy 39 33 35, 37, 39, 41, 43,
45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,

38 1Thd Bompeyitid of Afm Hlwh&3inahd taﬁ 1 hgnafANEnce at
I I f se. 12833. The

east 90% i dentical to one of t
conposition of claim1 wherein said. pol ypeptide
3¢olthe compositidromfoniaiit | whereof sagbpalysiphigh eothpmsing a single human
.1 mmunqgl gbul i n. vari abl e domain, 34. The conpositi on, of
TG b R SRGTRGP £ A T B e SBid Spete
hiEPIhiBSglo@Hin vERbRABRAK.t i on of claim 34 wherein

the nononers of the hononultinmer are specific for a

mul ti-subunit target. 36. The conposition of claim35
3§hEhesemponitiqnagipdaim; I/ wWherein sTidrhetero-grultimpeisadisproedimen ar
h&&oﬁ%ﬂ&ﬁ‘l wherein said polypeptide conprising a

st ngle human i mmunogl obul i n vari abl e domai n conpri ses

a hetero-nultimer conprising said single human
39.nTncghpdsitbn of vlaim &5 wherbinraintonoiBr ofldaéd hatempasiltinen comprises a
.cl ai,m 37 d, hetero-nul t s, a heterodi ner

siggle W%ﬁ@ _gaga%lle domain polypeptuier]tﬁa[t blinds serum albumin.

40. The composition of claim 33 wherein one or more monomers comprised by said

homomultimer are linked via a free C terminal cysteine residue.

41. The composition of claim 40 wherein said monomers further comprise a linker
peptide sequence, and wherein said free cysteine residue is located at the C terminus of

said linker peptide sequence.

42. The composition of claim 41 wherein monomers in a said homodimer are linked via

disulfide bonds.

43. The composition of claim 33 wherein said homomultimer is a homotrimer and

wherein monomers in said homotrimer are chemically linked by thiol linkages with

TMEA.

129



10

15

20

25

39. The conpositon of claim 37 wherein a nononer of
said hetero-multinmer conprises a single inmunogl obulin
W@ 2005483522 domai n pol ypepti de t hat bi nds. ser um BEDGBRV4/004253
40. The conposition of claim 33 wherein one or nore
nmonomers conpri sed by said hononultiner are |Iinked via
a free Ctermnal cysteine residue. 41. The
of . cl ai m 40 .wherei n sai.d

onposj ti o noner.s . further
4 omrriant B HitGro PRI SOGHER CLUSar ThBt By G need of
sthdhBfeaf &t SihB endtesd iGhristng ﬁ%ﬁh@@riﬁ%_ alth@afeutiBAITY &62ti9 amount
sai d |inker peptide sequence. 42. The conposition of
oth epmpaesitimhelradaim hbmesidkindividial sai d honodi ner are

i nked via disulfide bonds. 43. The conposition of

lajm 3 I. id _h bt [.S. a h Gk . .
45 adg e v Ear R Rl i BRI AR i1E domain
spdcificafly Bhds Ninr-ol drB@O8HWIrkdeptoVEA. 12944, A et hod of

treating or preventing a disease or disorder in an
i ndividual in need of such treatnment, the method
4¢.0hppetbpd gf werhaping e invépodalHife g a gempasition ef ¢laig {.the method

oGP oS RREl Rl SR e o L Bos LY, o

I mmunogl obul i n variabl e domain specifically binds TNF-
49r ThdNrethod 2F clatmeiot wiiereid Gaid Aolymtdr@dmpfisésracaubatitnied ot he

AR LA Sl AR ™
erte he GOrMAink c if clai
pﬁnggﬁdg&r}gi%%sog%grpol yrregl?dh‘g%r%gtrniﬁs%ns hgﬁlgalgg%c?gﬁ%%d gr s

unsubstituted straight or branched chain pol yal kyl ene,
4poThamkthed|of wlaimrd 7polieyein yeail lpplyeres cpmipyisasra sybstuted or

T NN e s

substituted or unsubstituted straight or branched

4ghahdmploy eifbjaliang vileysinkaid hopoley complisalmehety(pdlPethylene
The net hod of claim 48 wherein said polymer conprises
gl{Yﬁ?lﬁroxy( pol yet hyl ene gl ycol ).

50. The method of claim 46 wherein said polymer comprises polyethylene glycol.

51. The method of claim 50 wherein the molecular weight of said polyethylene glycol is
5,000 to 50,000 kD.

52. The composition of claim 1 wherein said polypeptide comprising a single
immunoglobulin variable domain comprises at least one covalently linked polymer

molecule.

53. The composition of claim 52 wherein said polymer is linked to said polypeptide
comprising a single immunoglobulin variable domain via a cysteine or lysine residue

comprised by said polypeptide.

54. The composition of claim 53 wherein said cysteine or lysine residue has been added

to said polypeptide comprising a single immunoglobulin variable domain.
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50. The nethod of claim46 wherein said polyner
conprises polyethylene glycol. . The nethod of claim

wooskzssel n t he nol ecul ar wei ght of said pol yep¢yGapm®4/004253

glycol is 5,000 to 50,000 kD. 52. The conposition of
claim 1 wherein said pol ypeptide conprising a single
i mmunogl obul i n vari abl e domai n conprises at |east one

coval ently link pol r pol ecule. 53.. The .
5%#38@@?%%“@% Ogﬁﬁw%gfﬁamw cySIine Gy residye waspdded at the

ahBnS& cl% feeRhhdss s%i:&l;@g%p;f::pﬂge eoﬁlii)ﬁ%!lg,ea giﬁgmg%lgﬁﬁgiohoﬁun

vari able domain via a ne or 1ysine resi

venahpe demdinby sai d pol ypeptide. 54. The conposition of
cl ai m 53 wherein said cysteine or |ysine residue has

e added .t.o sai.d eptide, conprisi.ng a single
SPGB e UPrES YRR SREBh el Sl e wrisnt ot e
ertiindk B 5Ad Wheines globdin#ible@ioRRiOpollydpiide, resi due

was added at the ami no or carboxy term nus of said

ol ypeptide conprising a single immunoglobulin_
55&%& BPEPeBiH ?nip clajm SZ?WEGr@mﬁ@bismlmﬁr @mpsisgs apwstituted or
: . . i . . t at
Y b, BB
pplybyyedpglemkepolier diteebranched st tmlomandiied pbhksanchaiddher ei n
sai d polymer conprises a substituted or unsubstituted
SR o PR At e 07 R R L e pispisgh  substiuted o
uRHBBGRA BhighPEr BasdRE cRAhYSBaRMNE coI & poli¥&nyl alcohol.

conposition of claimb52 wheréin“said polynmer conprises

a substituted or unsubstituted straight or branched
5@hdhe corapesatidngfahamgt 8 wherewrsajsipolvinendompirisehiarthogg(polyethylene
%leconposition of claim58 wherein said pol yner
& orrﬂ)‘ri ses net hoxy(pol yet hyl ene gl ycol). 60. The

conmposition of claim52 wherein said polyner conprises

60T et dyp@sitongd fiotam, 52 whireincaidnudyhérannpiised pilyetb@ene glycol.
wherei n the nol ecul ar wei ght of said pol yethyl ene

6 9.' The Loﬂn?os?tio%ooof ctla?m5600’ \ggg‘eél?he molecular weight of said polyethylene
glycol is 5,000 to 50,000 kD.

62. The composition of claim 60 wherein said polypeptide has a hydrodynamic size of at
least 24 kDa.

63. The composition of claim 62 wherein said polypeptide has a total PEG size of from
20 to 60 kDa.

64. The composition of claim 60 wherein said polypeptide has a hydrodynamic size of at
least 200 kDa

65. The composition of claim 64 wherein said polypeptide has a total PEG size of from
20 to 60 kDa.
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62. The conposition of claim®60 wherein said
pol ypepti de has a hydrodynam c size of at |east 24
WO e@8/03832 The conposition of claim62 wherei "PGHGH2004/004253
pol ypepti de has a total PEG size of from20 to 60 kDa
64. The conposition of claim®60 wherein said
pol ypepti de has a hydrodynam c size of at |east 200

kDa 65. The conposition of cl ai m 64 |ns o
6ol LhseprPastpReT Ser Pl Mhetely s BOlgpenf B st Bblefss 90% activity

b1 ‘I}@e to]tﬁé'ga% %&gﬁ)%giﬁg?a%kfﬂg%ldﬁEG h@l@u@ﬁl‘f@%‘iﬁhdﬁwﬂ?hﬂmeasured

ypept | 'east 90%activity relative to

. btyhéﬁm&mef qatl ypepeptide fdradkigepligamidd PEG nol ecul e,

wherein activity is nmeasured by affinity of said

I tide.f
¢ TeRaPpettianer Bkt B b BT e ior A AT RE b v hate
ifé‘re\léti’\fé th A d dabde@ ohfplogition Gackihel JoRalsielisledpoietiydehe glycol.
| acki ng covalently |inked polyethylene glycol. 68. The

conposition of claim67 whereint -half life is
68n dihe asgosition 0fslaim fopderegpto-rHElifedprinsesasedby 6% Hoxe-
67 wherein ta-half life is increased by 50% or nore.

GBS U3 5 B SR B o

cl ai m 67 V\herel nta-half life is i ncreased by 10X or
7@0 F[?le cépodifién 6PARIAS 67 WABredf toChAF HTGd inthaked By 2R -ohaldre.
fe is increased by 50X or nore. 73. The conposition
of claim67 wherein ta-half life is in the range of 30
7ii Al esmpositidn hbelrisn 67 whefBfretochalpbfsiis insreassd by H)¥nosmore.
wherein ta-half life is in the range of 1 to 6 hours.
75..The co OSI i.on 7 rein th- ife
7o T CPmROBROBY A6 B WheRut o ket RS braad By ap g Frore
claim67 wherein tb-half |ife is increased by 50% or
7?0 e cbhpodinén 6PORRSbT whbredf toChat erfiZ 1ﬂ’\ﬂi€'iﬁig€ olrBo Rdhiites to 12
feis Pncreased by 2X or nore. . The comnposition
hofirscl ai m 67 wherein tb-half life i s [ ncreased by 10X
or nore. 79. The conposition of claim67 wherein

7t4b h%lcf)mlpl)glgorll gf clzlglcr:r{ g’?w%gre?t}/ toc-hgf? it 18 - the range of 1 to 6 hours.

75. The composition of claim 67 wherein tB-half life is increased by 10% or more.
76. The composition of claim 67 wherein tp-half life is increase;d by 50% or more.
77. The composition of claim 67 wherein tf-half life is increased by 2X or more.

78. The composition of claim 67 wherein tB-half life is increased by 10X or more.
79. The composition of claim 67 wherein tB-half life is increased by 50X or more.
80. The composition of claim 67 wherein tp-half life is in the range of 12 to 60 hours.

81. The composition of claim 67 wherein tB-half life is in the range of 12 to 26 hours.
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80. The conposition of claim®67 wherein tb-half life

is in the range of 12 to 60 hours. 81. The conposition
w@booslsism 67 wherein tb-half [ife is in the raPgEGB2001/A04253

to 26 hours. 13282. The conposition of claim67 having

an AUC value of 15 ng.mn/m to 150 ng.mn/m . 83. The

corrposi tion of cI ai m 67 havi ng an AUC val ue of 15

mn/m to 84 Th conposi ti.o
581 KR oTPsiorg! AR oA A AP CETH o T i gl 1o 150
n%%eﬂyg4n1. 85. The conposition of cla|n167 havi ng an
value of 15 nmy.mn/n to 50 ng.mn/n . 86. A
conposi tion conpr|3|ng a pol ype t|de conpri sin
83i Mt eompoutioydiodaini 6 bayieg a1 ARAL varhefs] Samg apl éml to 100
ant i E with a of Iess than-or equal to 100 M wherein
H%B | ypeptide is present at a concentration of at
| east 400 mM as determ ned by absorbance of |ight at
8280h8 coppediengbiclaifyo7 HdvinganpUel valwnofolfS b atimindbo 75
wherei n said single i munogl obulin domain is a human
ml. 88. The conposition of claim86 wherein said
target antigen is a pol ypeptide antigen. 89. The
8§.0gH9§6&1;5 1&I offdl h{%ﬁﬁavﬂge&@mcs@al& SBISU8E nAhnbIG6 301 S
a ypept i e ant 1 gen. he conposition of
n@laiimB6 that further conprlses a pharnaceutlcally
- acceptable carrier. 91. The conposition of claim 86

S e B S AT L REeBbuin v
d&ﬁﬁiﬂqmttmﬂdb é)tfar%;elt AtBWREhe] K, 6Elesk thamenedubl HEI00i BV awherein said
honodi mer or a honotrinmer. 93. A nethod of preparing a

polyppsietis presaft ach aprmeBBatvomsat bastgt00he 9s deismaiped by absorbance
of light at 280 nm wavelength.

87. The composition of claim 86 wherein said single immunoglobulin Vi domain is a

human Vi, domain..
88. The composition of claim 86 wherein said target antigen is a polypeptide antigen.

89. The composition of claim 86 wherein said target antigen is a human polypeptide

antigen.

90. The composition of claim 86 that further comprises a pharmaceutically acceptable

carrier.

91. The composition of claim 86 wherein said polypeptide comprises a homomultimer of

said single human immunoglobulin Vi, domain.

92. The composition of claim 91 wherein said homomultimer is a homodimer or a

homotrimer.

93. A method of preparing a composition of claim 86 comprising the steps of
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133expressing a nucleic acid encoding a single
i mmunogl obul i n vari abl e domai n pol ypeptide in a host

w@eios/0338her ei n sai d pol ypepti de bi nds a pol ypeptT/a82004/004253

antigen with a IdDof |ess than or equal to 100 nM and
concentrating said single inmunogl obulin variable
domai n pol ypeptide to a concentration of at |east 400

corm BT Er O Pl SRR Ry gy I RRIEh i Ygiable domain
pcﬁyp'@h&e {MAHAeaLID Méréin\!alﬂ%ﬂﬁip fideedindy Aty @eptide antlgen with a

dg peptl de antigen with a of less than of equal to
bleanhaneeqiahta HY »M¥si due at position 103 (per Kabat
nunbering) is an arginine, and wherein the polypeptide

~ e[n%sc%ﬂ%engﬁatlg a8 %ﬁﬁ%egﬂ%#ﬁ{&ig%fbuﬁﬁ v&rg%gé %of%%n%%%%ptide to a

det erm ne sor ght at

coneatetaciog bhat 19£st A0h M sgeishiinabyadbseibahdn DA280er ei n
said polypeptide is present at a concentration of 400
mvto 20 nM 96.  The conp03|t|on of, clajm 94 wherein

945 &k QOTEBPS eI ISHRE ¢ a@ﬁpqﬁl & CATIREFNG 8 Fipgistanoglobulin Vi

o aﬁpbmgz?gs{g@ u@mgga%g iy Qﬁ%?f%s@“t}%ﬂ o ﬁeﬁ't@ éb(‘?ﬁM

am no acl I on s a nonc
wlsanrein cheaekidue 88posittoa lﬁl’ﬁ)ﬂﬁ(abaomumlﬁerﬁigausmnga?gmﬁm ﬁnchwherem the
he amno acid at position 45 is a | eucine.

dds Isipsiserat ¢ cqneangation el ailenst 40 1M %&e@@mweﬁ@waﬁ@bame
Of%%hﬂ& ggg&k&évaéﬁg%glyC|ne 100. The conposition of

erern e amno acid residue at position 47
is a noncharged am no aci.d. 101. The conposition of
95¢ I ThierwotOsitibie pEclaing B¢ wieieanosaad polypegidd iseprasenp esa tansentration

is ajtr ophan. 102. The conposition of claim 94
OfQAQF§4H’%%%£énino acid residue at position 44 is a
glycine and the amno acid residue at position 45 is a

96' %@'CB Ro&%ﬂeﬁda&w %@rﬁmaﬁd? gépggk iaislﬁ%e%ﬁs WhGHGh N

he am ho acid residue at posi
polypeptlde antigen.

97. The composition of claim 94 wherein the amino acid residue at position 45 is a non-

charged amino acid.
98. The composition of claim 97 wherein the amino acid at position 45 is a leucine.

99. The composition of claim 94 wherein the amino acid residue at postion 44 is a

glycine.

100. The composition of claim 94 wherein the amino acid residue at position 47 is a non-

charged amino acid.

101. The composition of claim 100 wherein the amino acid residue at position 47 is a

tryptophan.

102. The composition of claim 94 wherein the amino acid residue at position 44 is a

glycine and the amino acid residue at position 45 is a leucine.
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gl ycine and the amno acid residue at position 47 is a
tryptophan. 104. The conposition of claim 94 wherein

w0 b@sasismn aci d residue at position 45 is a | eRCT/O82@AMH04253
the am no acid residue at position 47 is a tryptophan.
105. The conposition of claim94 wherein the am no
acid residue at position 44 is a glycine, the am no

cid residue at position 45 is a.leucine, and the am no
10 e gpatigonet plagn b Sheisn e agigq g@d aeﬁ_ﬁﬁw.at petion4is 2
glfEhOah @6 REAPALY Adidhe GOIRASH 4PR 2fypRlh) 94

conprising t steps o Xxpressing a nucleic acid
encodi ng a single inmmunogl obulin variable domain .
10do| Ehsepmipdsitipm oficlhizs P4 sdietein thisamannadidreidyslay pegptionés is a

R PR S50 SRR il 7o

i mrunogl-obul i n vari abl e donmai n pol ypeptide to a

1060TEeedmpdsition offclain d4eabdreihQbe avindicilietsidng ngbsition 44 is a
absor bance at. A280. 107..  The conposition of one of
glyqing, fhe aming geigiregidugpoogition 4q il%gf?ﬁem@ épd the agpipe a¢id gesidue at
aﬁ;% nsisting of TNF- , p55 TNl R, EGFR
pd%ﬁgﬂ%g?§?g , gg%gn1albunin, i nterferon ganmma, CEA and
PDKI . 108. An extended rel ease dosage fornul ation
106 0 dpmicthiod gf prepangg & compesioel ofnldinP4demimtising tho sepnof
pol ypepti de that binds a pol ypeptide antigen with a of
| ess_than or equal to 100 nM . wherein said..pol t.i de.
o sl Bt aniarer o ungl oo B g iRB dotin
potigleptidd inechday ca) KPERASEd Pdlybérdide batds %g@lﬁﬂbtide antigen with a
wavel engt h. 109. The extended rel ease dosage

KT¥ of lassl then ereqyl 1 190mM.08 which is formul ated for oral
or parenteral adm nistration. 10. The extended rel ease

dos ' l. a erein.sald. .

for e s EL M Shp B A1 R B de o o
coldemtratisroot £ 1&et 400 e dsrdearnhied OFabgrbaRsias ADBQY of

i ntravenous, intranuscular or intraperitoneal

i njection, inplantation, rectal and transdermal
10%d Abey perppegitiorhof opgf tlaimp b, §reifguereip|saidaatiggsggelected from

thJ éi{){ﬂjj k(‘}ﬁsﬁs%ﬂg %ff TNP@&,IB SJSI‘PN%,GE@FR, W— 1 b @E?Qér%l a‘i’tﬂlmin,

interferon gamma, CEA and PDK1.

108. An extended release dosage formulation comprising a single immunoglobulin
variable domain polypeptide that binds a polypeptide antigen with a K4 of less than.or
equal to 100 nM, wherein said polypeptide is present at a concentration of at least 400

M as determined by absorbance of light at 280 nm wavelength.

109. The extended release dosage formulation of claim 108 which is formulated for oral

or parenteral administration.

110. The extended release dosage formulation of claim 108 wherein said dosage
formulation is suitable for parenteral administration via a route selected from the group
consisting of intravenous, intramuscular or intraperitoneal injection, implantation, rectal

‘and transdermal administration.
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conprises intratunor inplantation. 12. A nethod of

treating a disease or disorder conprising
wW@eaoos33sreri ng an extended rel ease dosage f or neCHGBV4/004253

of claim 108. 136

111. The extended release dosage formulation of claim 110 wherein said implantation

comprises intratumor implantation.

.112. A method of treating a disease or disorder comprising administering an extended

release dosage formulation of claim 108,
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