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1 PROCESS FOR ATTACH NG EFFECTOR MOLECULES TO
PROTEI NS The present invention relates to processes
for attaching effector nolecules to proteins and nore
specifically provides an inproved process for the
site-specific attachnment of one or 5 nore effector

nol ecul es to one or nore _cysteines in a protein.
Proteins with effector nﬁlecules attached are used for
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Anti'body hinges are popul ar regions for site speC| fic
Siteyspeeifip atashment 9f effector molecules to antibodies for example, is most commonly
achieved by attachment to cysteine residues since such residues are relatively uncommon in
antibody fragments. Antibody hinges are popular regions for site specific attachment since

these contain cysteine residues and are remote from other regions of the antibody likely to be

involved in antigen binding. Suitable hinges either occur naturally in the fragment or may be
created using recombinant DNA techniques (See for example US 5,677,425; WO98/25971;
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these contain cysteine residues and are renote from
ot her regions of the antibody likely to be involved
in antigen binding. Suitable binges either occur
naturally in the fragnent or may be created using
reconbi nant DNA techniqug; (See for exanple US
5,677,425, W98/25971; 2 “Leong et alL, 2001

Cyt oki ne, 16, 106- 119; Chapnan et at., 1999 Nature
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Iar e scale roduction of nodified thera eutlc 25

onmareSyyieingsdn p progain. Jfaithe pregess A the Arpsent
m\%hﬂtﬁpd?érb&& pRploktin®R proteiPis S6rtecBY Riddified BEmPHr&St8 Phior art methods,
i nvention provides an inproved process for selectively
sigaificantlyi ingyeasing thy effigiency of effestor molegule atashment: 0 one or
MOT 6p do¥Aingly VRS prefbnPinPerRbe povidkd'a Srd€esPfo? G fing bnd HSnore

resent
efiector molecules to one or more cysteines in a protein comprising:

W

a) activating one or more cysteines in a protein by diafiltering the protein against a
monothiol reducing agent or a multi-thiol reducing agent which is incapable of forming
intramolecular disulphide bonds and
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i nvention a greater proportion of protein is correctly
nodi fied conpared to prior art nethods, significantly
increasing the efficiency of effector nolecul e
attachnment. 30 Accordingly the present invention
provides a process for attaching one or nore effector
mol ecul es to one or nore tysteines in a protein
conprising: a) activating one or nore cysteines in a
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mabbe,dmnqe potdingied o, pslgtlomdl, &ndrbﬁleﬁdl,(lfumaﬁﬂsibr&mm&lb adtiBodies,

singloho SRR, ks g, s waf FGhotemient nbd g Gespiading

ﬁ.-agxﬁmmaefanpome:uove N Vertlier Wes@ﬂma@bkhﬂmod fra ewmt

inc B B drr i e@%@%%#?dmﬁﬁ?ﬁ@?ﬁﬁwibéﬂgﬁﬁ Cor

Precnmblymbpmn fohaseaﬁthe\ymeﬁ invéBtion18 a Fib tfraginéntNOt | i i t ed
c onal ymani zed or_chineric
ant 4‘8‘8’8?{‘5% ere ore mcl ude gmmunoglo llllrlrla molecules and immunologically active
portions of immunoglobulin molecules, i.e. molecules that contain an antigen-binding site

that specifically binds an antigen. The immunoglobulin molecules of the invention can be of
any class (e.g. IgG, IgE, IgM, IgD or IgA) or subclass of immunoglobulin molecule and may
be obtained from any species including for example mouse, rat, shark, rabbit, pig, ‘hamster,
camel, llama, goat or human.
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singl e chain antibodies, Fv, Fab fragnents, Fab' and

F(ab) 2 fragnents and epitope-binding 25 fragnents of

any of the above. Further exanples of suitable

anti body fragnments also include those described in

W2005003169, W?2005003170 and W2005003171.

Preferably the protein f8r use in the pr esent

invention is a Fab' fragnment. Antibodies therefore

| NGl ATRHBOEORE ritiBodPh6lettlGshang ohd GFuet agiptahdntarity

active portions of inmminoglobylin nolecules, .i.g.
deterpining fegions (GRRs) fem 4 ppn-Eemanpeeies And 2 fgmeyo 'r?%°“3§°‘11 Rat
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Speci or exanpl e nouse, rat, shar
immurioglobulimgens sdgements belongine-tadifferent sesies. Ryaferably the Reayy and
T To Mt M letel ’ ' SMBied Bith RfbtRGE
h%ﬁﬂ%?%ﬁggtn@éﬁe%%@ﬁ@ﬁ%g@gﬁ?% regi ons (CDRs)
spetieom a non- hunan speci es and a framework region froma

5. SRS R R ) o BBl By et od ¥ AU it el the
hyteidornd @hﬁil;{ud (Iﬁohlpn@ll\dihgdiﬁ, Wagmtew?i, rzé@@-;ﬂal)etha&r@ma
tcflidfr g Bipntn S8 REFI5Sa ROl ocbior ol pALoRS 00y, 1983
ot s T ooy v oy Pavan
mtﬁmy’t%\%gsﬁ‘gﬁ?% l%%sg}ngﬁgb%).e derived f Sr;’om anot her

Spesisdebapabobaibtmsityody etbermitatiiempthodech s thgseany
degtBhei Babeaphdn el Frofilagt Ak 83, UBE 1996, 3555, 788 Reas, wo
e G, 1

T BuSoRy SpBRal A8y e o R e svielq R, Ageiallg e

moabelonal Maiboay, asifg aryshitdbieknegmativctlBuageand/ofidigestipn technjgyes, for
77-96, Alan R..Lis

., lnc. .. 1985) ' '
xRl B PR B P APt proditoh Aoy e g be
ared B EHeluBe6 redonBitatiIDINA tebhnigtiesdhvolvily the manipelationswd -
i, U 1996, 93 (1 7843- 7848
ewé‘%m&? @%ﬁ%’é"‘%{%ﬂ\ﬂé‘fg}o‘?}‘i@% gadior %%‘%6"'&‘3’34-%”%“@“
bidwgym ltamnﬁhaﬁhzlrﬁﬁ uﬁmahﬁﬂifyt_ \iddd bedaleté aind ycideerloniaink hsdegired.
e. nonaQcl o antil Do . USI Ng..any Sul
e 8 B SR o e o Bl e
‘v HBRPAR ‘Bdhstahi® hsused Hergigpsin. Alternatively, or in

addi tion anti body fragnments may be 20 prepared by the
US € Thé methody b dredting Bimarmdivniriayg estitiodies knd anjbeadydragments are

wel Bk i 2 (60 for ample, Boss et al., US 4,816,397; Cabilly et al,, US
6,331,415; Shrader et al,, WO 92/02551; Ward et al., 1989, Nature, 341, 544; Orlandi et al.,
1989, Proc.Natl. Acad.Sci. USA, 86, 3833; Riechmann et al., 1988, Nature, 322, 323; Bird et
al, 1988, Science, 242, 423; Queen et al., US 5,585,089; Adair, WO91/09967; Mountain and
Adair, 1992, Biotechnol. Genet. Eng. Rev, 10, 1-142; Verma et al., 1998, Journal of
Immunological Methods, 216, 165-181).

Antibodies and antibody fragments for use in the present invention may possess a

native or a modified hinge region comprising one or more cysteines which may be used as
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expressi on of DNA encodi ng anti body vari abl e and/ or
constant regions. Standard nol ecul ar bi ol ogy

techni ques may be used to nodify, add or del ete am no
acids or domains as desired. Any alterations to the
vari able or constant regions are still enconpassed by
the terms “variable' and 3constant' regions as used
herein. 25 The nethods for creating and manufacturing

a@nfok braddior Sofddtle aRAdnPRALY Thé AAFE Bin ﬁ:?ﬁm 1méhm ¥ion hétmally

the art (see for exanple, Boss e 16, 397,
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g it s om0, 108 iyl 90, Sk el
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coapwslnnsmbgwaambd friemgn aRibody a8 dlﬁ'emzlas&m‘rsmm;s fromn that of
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PRl ol elien SRS R ety b e gt SRR, by
cohveartiyeg suftatly plaéddees%dummtoeuygbine eesidhes Bpsqnh fichnsale 1fumbm of
o R e e e B 50 et i
regionsansy beahtirelyadyhihetic mﬂm‘a}y,be ﬂes@gne&tdmmsaieslraiqnqieru&c such as

I I arra Qr_goat O her nodified hinge
eh%’ Eﬁ’f%@éieﬁ'%ﬂg%npl ete hinge region derived

fro m mmbeﬂdsﬂ t’ﬂaﬂﬁedlfmgb refibrs v direadyetseen ddscribied ﬁr&sanﬁle in

Uk Y ORF15588,  ORl I F gresBliod 57 s g ivcoipopied
hepdin by refesenyd . mbhf&mw@a%ratreg:{mr ﬁeor:]h f[élb gtrésd;ut i?gagigte Iwnamab’
ﬁ‘fmﬁef'tc‘?%?%ﬁ '(?ﬂdo’h W?PR% repegt is deri \F/)ed frgm

a nallsratively, ogin aliitiosGitespecilit cystdines fdreffectbr mslowle atachment
ke pnsa) it A Ebedidr Brenhb ot gasrlaf GeREarRar
expésed dykﬁﬁne@ S fﬁ&x&ﬁplb S 9219896 anmwozoosdamso;.mw by usleg

mg%%t ablé g acg res dues |n§o C) gﬁteuel:ag%lr dut%s. Bthereof

mi}i BGBodifediif BrdePdp pb@nde%bam@ﬁhnsb“er sfsite RS eftbctorhidRiule
H‘gdl fied hinge regions may be entirely synthetic and

desi gned to possess desired properties such as
15 HeAGH ik on€ wfibcimét 60HPHRdnt ﬁ’ﬁenﬁﬁﬂﬂfe'pﬁdtbxhid dnta)imbo&yFab’

EARGEL SRR  e h ffeci DRSS ok i ateshed B gl bnge. Tn
B8 At dinentle YRLSPR AR 2AtibbdpRsh’ b Rsbradifnt 408 8f IRt éecd
cysteine to which an effector molecule is attached is an engineered cysteine, preferably a
surface exposed cysteine. In one embodiment two or more effector molecules are attached
to an antibody Fab’ fragment and at least one of said molecules is attached to a cysteine in
the hinge.

Where the protein of the present invention is an antibody or fragment thereof the
antibody will in general be capable of selectively binding to an antigen. The antigen may be
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herein by reference. In one exanple the protein for

use in the present invention is a Fab' fragnment with

a native or a nodified hinge region. 20 Alternatively,

or in addition, site specific cysteines for effector

nol ecul e attachment rmay be engi neered into antibodies

or fragnents thereof, f or® exanple to create surface

exposed cysteine(s) (See for exanple US 5,219,996 and

QQRCHERd e bf Surfagdliritigh 6h QMO kiR G badtrial cells,

m”&%@hnlques§§ﬁ§mnunbg§¥%%§%$g¥gingggin an anti body or
yeaist celfsiiaells, isadoghsiial qells/orfumensgrlls, erit may by arolubleanieen i e
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nce 1 n one e I ment of the present
duiiing,disvasemn inféetion fortexample seceptors and/erdhsir gomgsponding Ygands

Pafdpita R 5 Bt Rl sl p i b B ol BRleE B Aafle
intzlmrm gich as B1 integeind d.4 M;A—E@Serl]@ﬁn,%lebﬁla@iemlwén@% CD3,
cnig, 2537 O bl EraTh & R, GBIy, Sy, Eaigd; ehs, s,
CDH0J d‘:msfg ?w)m €lb6|9,)egioﬁioeﬁbryle>ﬁc m g?mx lmmﬁl mﬁbfab%lgbum
(b i 2 SAR? clepnd MR B an € g VRGR el e Y
apﬁ'bﬁltﬂJ] Me;?&s ﬂnge)éﬁ é Slilste Tﬂm\%eﬂs{injﬁ:hf]ﬂe ilhgﬁ}:ulﬂgﬁ:li&hggﬁfl, IL-2,IL-
RS oot Akt 4 REL6 arfr B pheenf e Srmpimilony
syfcia Rires Glcytlegévites hivtigens) dhrfigndglvbalinspsuth gligR, ifiterferons such
antigen pmay be ny cel |l -associ at.ed anti ge

6 for.
a5 i, e o PISHEroR R BTToRE fopQt-a ot uectosis facor-
B, g(g ihflatifr$faktors su?’lf%%—@? lot EM-ESE &hdl PlatefRl 8&1vae blotith factors

S or tunhour ce , of it may be a soluble antigen.
suohres PRSFso, mag PRIGE S dnd veheye appopriath tepentess thereeaf. ant i gen
suc s _those.ant i j j
"t P e g AL AR vtRoE LB ool ilecti o B Aty
linkat theagondioh group gfancisteirs rédidue leated in tha proteine STheicovalent

. surfage ant.i gens. incdu ' l.es. f
tisiige 3 Grefely 38 B RiokBlitol O RS LRR b1 Gl fiiculafl putphor-
catbos BoreiC tAppropfatelylactivated effector-malbctes; for ex@bple tigpbselectps,
Aefirggises ey TRisimine, Dy p i ng, Sodiyl Bebiloact sa
cy@teine daiveties papbeuseds | gen (CEA), human mil Kk fat

| ohQul jn . (HVFGL and ,2 Cl.ass, | Qn . L

Ot e fein efebfot hef@Oiler 24 usefHetn Bl BIttallple, MiSiblasti
agérts; digs, texitis (such @l enzyalatidally active itaxinsof bantdriatier plant origin and

i nterl ki h 1 L-1,, | Lz I L-..3 - .J L
i e
m@w&r:&mﬂvﬁiﬁﬁmwwﬁéﬁdﬂg nftmally occurring polymers,

cyt o al ovi rus, anti gens,..i no ul i S .
noflbte SO g HgigS ST € AN KA e ragnenparbhiChaBRuptides.
pattithBHY Sddivivdide, fadidibdtopes; Cliehtédnétals, naoparticles! amd reparter groups
suoleiJl gsttﬂlrorescent compounds or compounds which may be detected by NMR or ESR

spectroscopy. It will be appreciated that an effector molecule may comprise a single

effector molecule or two or more such molecules so linked as to form a single moiety that
can be attached to a protein using the process of the present invention.

Particular antineoplastic agents include cytotoxic and cytostatic agents for example
alkylating agents, such as nitrogen mustards (e.g. chlorambucil, melphalan,
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colony stinmulating factors such as G CSF or G CSF
and platelet derived gromh factors 15 such as
PDG--a, and PDGF-f, and where appropriate receptors
thereof. In the process of the present invention at
| east one effector nDIecuIe is covalently I|inked
through a thiol group of7a cysteine residue |ocated in
the protein. The covalent linkage will generally be a

hagfd ufici] Sfusta thderivitivetaeofc ul ar
mwgi Miy%’&&?ﬁ“@ E’cf‘P Apprgf)u;rl gt el ;me'lct i vat e
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%?@ﬁq ﬁgss | od@aez( ty L«gd ag%t?/iﬂxand &jys!?eéfarl%;pme
thxdi&mneaﬂuorweumapmer finoeatitriqprad,tag °§if
as usgﬁi | n o2 HiloR§ERIC)ST i C
5.138 Or%m Mﬁﬁas e zyrratl cally actiyve
m??gﬁ?f(efg %Q}n)p %gﬁ’ﬁmc hdBG 8bosi vﬁl ﬁh&mf‘;@&ﬂ y
esperajs G 3
%aﬁﬁlr‘{?g % %ienz mes, ] lg)apuch \axisinror
vaﬁéﬁnb@ﬁWd@iVatﬂﬂil mbmd&aknhglam E‘Pmﬁewxo taq Lp
ogc rring po rs [ DR estins
‘8’ ‘é\ﬁ F&@%n{éﬁ‘?‘ Ee%{é’of % pro
&&Upicbﬁﬁf‘or memxjpmgcbtanohq aceath)meaﬁ(,e g chmethylstﬂbash‘ol
rad o e he ed
éw plyeHaisLhogeials o stpnishie sAORRRS I nilcatpgeile
Rflisagliionts, mahabmtd:em&cueeuketsym lyrdraxgwes; hydrazme&
.spectro It WI|| ed that an effector
g"%‘%}/ ﬁ%ﬁ%ﬁéﬁé ef fector nol ecul e or
t WOCHélatBPietals mludaaﬁml of di- oo tripositiexinetals hayirigs 9op

nu;iq% > go@ls%elgl thaé’%"@g’ébe ak’\ﬁgﬁ |%ﬁ1%&5art| cu%g%m@g)

théiinh (F69,RbBEHE(CS), aa@at(s:u» rpold (Ae), silven (AR)i leade(Rb), bismutht(BD; c

agents f or iggrng aéktxél at i qu n_gi&agw‘ican ym (Sc).

ﬁfe%&él ;ﬁ‘&”ertaﬁg‘ikﬂﬁ&hﬁ?dea rPtagmlamdlmmhﬁers inplsle a7
er V re | € & &
A o\ G o 0

t ophos
% i1}, d85Gaand H84.1 Net abol i tes, such as rret hotrexate

f’ |, fl di t
th.“?:ééurac' ot 6 SRR D OF 5 P 1T o Plo Pl i
PO Y exdipld Rydlic ob cjzdhe polyarines,

2u| phat e) dmn dau%gl ci.n ﬁnbl}?%h%‘?éa{"? g.

caﬁ:lob mﬂbﬁlvaugél [ cheam cin and derivatives thereof, or
esper am cin and der| vatives reo
|nh|IBB?Q9¥°§ thesfiipqptsh °1@136;9§§4‘8’é‘? ‘i?‘}@f ém“s" One
paY:H%B!ﬂ? %fsmmgh ohBSin bOGigacs aooafdmytmthtsm&nudm, as
i cl ne;

polyo S such as taxicin-|

hdwmarescycb%qﬁl &xgh%?mﬂ@l y DO EHSRET AS dg,rf'o}
st ngiér 1 Qifasdticasidland ﬁ&witmﬁﬂ@ﬁ%traﬁd maaedyelie

argiiness £18y4YS ¢pt|rn?pg§ and et nfza%%ﬁﬁa%tv%? (foreenscgnrlp (fescgi%egm International
Patent Specification No. WO 92/22583); and polyamides, especially desferriox-amine and
derivatives thereof.

Other effector molecules include proteins, peptides and enzymes. Enzymes of
interest include, but are not limited to, proteolytic enzymes, hydrolases, lyases, isomerases,
transferases. Proteins, polypeptides and peptides of interest include, but are not limited to,
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di phosphat e, pol yestradi ol phosphate or estr=ustine
phosphate) or antiestrogens (e.g. tanoxifen);

ant hr aqui nones, such as mtoxantrone, ureas, such as
hydr oxyur ea; hydrazi nes, such as procarbazine; or

I m dazol es, such as dacarbazine. Chel ated netal s

i ncl ude chel ates of di- & tripositive nmetals having a
coordi nation 15 nunmber from2 to 8 inclusive,

h s
‘m‘t‘ar"ﬁl Bt o At B TR A Dbt e
toﬁlhl allﬁbtein‘mt; aslmlin,(hﬁqu ngrresin feetor, Brigterferpy %rlamferon,

B e B s b

thréfbotic agént ﬁf ﬁfﬁh&h@ygmcragehtmm rahgwlmunm endogtatin or, 2 biological

resgenot e e ik ey ] (E5D R R

interfetitia-6 ﬂﬁl@ﬁ 2B 8IcEyte B&Y@mg&wﬁymﬁmmgwmm? Sc.

swplee o7 owpaaneateﬁéfaa%@@ﬁ{’ﬁ{l R R b R
fmﬂgwmmﬁﬂﬂjgﬁmﬁmﬁlatlng agent, for exanpl e acyclic or

cyclic pol yam nes, rs e. cro her :
T Oth $stor mpieri iy g ot Sipty SHhu o o B
didgRésh0 Bkahples stedete¥iable \dﬁb‘étan&'é ilcfudg eﬁﬁmabnzymhsa ptogihetiocgroups,
chel ati ng agent will de g} n the §I g;c.ve%l%ﬁdes
flugrgsaenianterials, lugypgspmnt @#@E’jﬁ H& aié K ’
oﬁﬂ%ﬁéEﬁHdE%uﬁﬂ&&&ﬂké@hﬂdﬁu&@anhﬁyﬁﬁ&mﬂﬁqﬂWM1NMmmamhowmma
acyclic and cyclic polyan nes, %8!3}‘ etal ions which can
papmawﬁp mstehiond xJaeigenssallydss. Ffafﬁn '&d or metal 10

bef :gﬁéwédfw Sltfbodidd fof RRMk aagﬁisues iSﬁitd:le’iéiﬂyxﬂarmotﬁdelhvseradlsh

reof, and nacrocycllc ani nes, clic trJ za
peroxifiasepalkaling phosphatase hetacgalac éﬁﬁ%@h in

r%sg;e ézgl% s peﬁa{; &R} avie fiditicti mnablu:ﬁum%entmaxenals

mdmmu%%mqmwr des, q(?ré(ge0| al l%( desfrrwx am ne

pWMEE fdogy%uﬁ?aéah FLASPa{Hé bRfeZ MFisa bii) Oyépgoen greén and the
AlerElver serids 369 A0RS0, 488, H0CEIA, 5%%, $85 508, 584, 316,944,

660! GHOSTOV A &92? sg’lwiﬁhxﬁﬁlesceﬁlnya@&msmﬂ%aﬁ&nmaﬁmes of

I htefest In but are not limted to,

biolmmrincesghionaiérialssincinderugiforase, dusiferin, and, aqquom; a4 Fujtablg yagjopctive
nﬁldegmuggmgaq, BRL® . Or diphtheria toxin, a
uc

protern s as insulin, tunmour necrosis fa tor

a- | Hyathétiorasmaturally equeineaobmers fLvsy @s giiestar mofeqilptipolude, for

e ?k% 8onafl§ Edb\éﬁﬂ of Bahdbd Mﬁ&ﬁﬂl@leﬁé,@%ma@@dﬁe, or
actl vator, ic agent or an anti - angl ogeni c
pmmﬂkyleleg)olmegs Q!@F@Pheﬁ o nolysacchggides, £.8. a Homo- or

e%,?. g}s&% el e,aﬁﬁ Nstedéh ¢ ghysogeno!

B eP% eu ffﬁ%&g; I nt er&{ogﬁ% n 2 (IL- %)gl 0 ane

i Nt Mattivuler optﬁn(llsubﬁ)uenfg whish may pe eresent o1 s abpyeaantioned
synEheguﬁo%ﬂJ&Q mcﬁlﬁé Ole Jr%%xy, methyl or methoxy groups. Particular

amnmksofsmﬂmﬁcpohnwmhmmubopﬁmmﬂymmmﬁumdsudgmxnbnmdwddmﬁ1
poly(ethyleneglycol), poly(propyleneglycol), poly(vinylalcohol) or derivatives thereof,
especially optionally substituted poly(ethyleneglycol) such as methoxypoly(ethyleneglycol)
or derivatives thereof.

“Derivatives” as used herein is intended to include reactive derivatives, for example
thiol-selective reactive groups such as an o-halocaraboxylic acid or ester, e.g.
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granul ocyte colony stimulating factor (G CSF), nerve
grom h factor (NG-) or other growh factor and
i mmunogl obul ins. O her effector nolecul es nmay incl ude
det ect abl e substances useful for exanple in to

di agnosi s. Exanpl es of detectable substances include
various enzymes, prosthefic groups, fluorescent
naterlals | um nescent materials, biolun nescent

mat el Srimidl %&l&%ﬁle%}lQ%honefw&isﬂﬁﬂﬂe ﬁﬂbﬂd&ﬂ@d the
or u*se in positron em ssion, tormogra '}}P‘g
nkmmmmmwenaymmwgdq@sﬁm@mhq%sesasp &g &P
Pat ent $nstiAbes Horfibpart off éh
It"g%ﬁ? ar#?%‘f%l es Pfa%{ouse agndglﬁlggnostl cs. )
wbmmmmmmmw&emmeé per oxi dase,

ace :stnzﬁgf’gli]xos bat £ ¥hich] &t gﬁé@%&éﬁcﬂé@ﬁa y B varied as desired,

prosthetic gr OUB@
buti will lgeifbeally be Bﬂhwmdgmmohmﬂm weightthingé fiem 500124 fo1199,0Q0Da,

b 635 5000 e o RS 57 RS 0870 000 ma

zom@aemwmt The pdlymatsjzemeyyit partioular bt bedestadondlyeiasia of the

it oo ey orcspbe sl e S ey ies BIH P Res or
ext@&?cmﬁlgﬁig iSife &E&Srﬁﬁllkbe Clifpmat, 2002, @uiyanced DegDeliggy
700 75
Rep 38 531 35 S, ooty PR B8 o Bl b feplidfe
ioh @ﬁ@ﬁdﬁetrdtélﬁssﬁ@ mnmamplel faaspmnhat;eamm efis tumby, i may be

radloact|ve ncI 125
adggtpgoousipdish é?‘?‘g‘f W?ig} % F*ha P oﬂva&}re ] s &iar weight
of #o8nd@5000Dh.e Féi1dpp mheﬂwzm ﬂhﬂpﬂoduke renfiagys in ﬂm&mﬂ@mn, 1t may be

opti onal | s t|t ted str t or . br
adb%@ﬁ?“RW‘éﬁé EB W e@%‘t& ffg po yoxy ky Locular
wd?@it)mﬁéﬁn frdaiiaslodmlttemoooﬂnanched pol ysacchari des,
a honD or heter rid
I ac? gignlarly gre f@%’@P "l’rf ﬁd{? &@%A‘?“%’P@“‘%éﬁ&m
poﬁa&ﬁ% geom&t Wlﬁmmbmem@mgmwm alderiyative deneof,
ove-nmentione nthetjic p %ﬁ&g one
anépsmﬂly Withyg Bolpcularygight °FPBF‘?1%?J§’ “8‘?‘%?@ cul ar

Ies of synthetic polyners i ncl ude optlonally
Substituted straight or branch

pol e polymen gt eret Tyaminn fi By PERG] sRgpreally (or exmple
£ Nipéh Ol lafid PRE Nkt rrhska;sauuébb bivasy lid‘pi‘élﬁﬁéd. froneequensreinlly

nal |y substi t ut ed pQ th ne col) such as
VMWW@?W%@ P%IW%EP es thereof.
" Dergh ¥ re}j&%& aspas&t o@ﬁﬁ(br%&&{t%vﬁnﬁdh sk et BHieok thoeffaotok molpcules
react | erivatives, for exa ct
attached t9 the poteinis & pelyaer mol eaﬂe:m}gﬂeelz Eﬁ" 5 %M‘@%z%#ba&f As
Jttac IytethyiehkgRks)) PRGinoieties iﬂ%eﬂ&al, fef@ence is made to
e,  a vinyl sul phone or gls i de n%?em%a
Wemﬂ@eMbChm nwgi%nhe , 1992,
7 Mt Gidrts @), Ploim@h PResd) Newak; ‘?es(mmenbgyadlmwmmd
Biological Applications”, 1997, J. Milton Hatris and S.Zalipsky (eds), American Chemical
Society , Washington DC and “Bioconjugation Protein Coupling Techniques for the
Biomedical Sciences”, 1998, M. Aslam and A. Dent, Grove Publishers, New York.
In one example of the present invention each effector molecule attached to the
protein is PEG, the protein is an antibody fragment and each PEG molecule is covalently

linked via a maleimide group to one or more thiol groups in the antibody fragment. In one
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It will be appreciated that the residue of such a
group will in sone instances formpart of the product
as the linking group between the protein and the
polymer. 5 The size of the polyner, which nay be
i near or branched may be 0var| ed as desired, but wll
generally be in an averag% nol ecul ar wei ght range from
500Da to 100, 000Da, preferably from5,000 to 40, 000Da
R &dﬂﬁ%f%?) o f_lgfhaﬁahtﬁbdQBﬂb’lﬁ@gﬂ&xtQ&M@mileculelw
to e po rrer SI ze ul ar
lnkl a2 apaleimids gEouR & Hiusls Stelera theitinee apbe

bricRe! Cto di@kh BhsAs BEG Rioldchilts, h%shﬁ@@idué & ﬂr&eﬁﬁ&tc&albnﬂy

tlssues such as tunors or_10 extend ci rcul ating

melewéer grm .M@f %@aﬁaamu@mihe Iigmesssidee By ug
th?ﬁl jhieE  In bR ex@pEth@molecular
roduct Is in

ed to Ieave t he

wher e the
weightof mhmeﬁmmm apreorimetely20,0080p and theyjotal malephlar weight gfthe
enkift Bollfinds et B 2ot ?p%ata%w@oome advant ageous

to use a srm ecul pol ymer, for exanple
vv| t fivep qmcm;effeaﬁor molegwles cagfoe mmsy@m@ thegyotein using the

4R HereiAfthé ag \8/121 se{pgegg%ﬂlﬁb tr%:e'é the

C|rc ation, 1t may use a gher
Prefsrablyif o mcgmffqgwr mtepuleaf P a@@m theipzatein ghey are attached
sitd wei ght in the range from 25, 000Da to
40 . Particularly preferred(golymars i nclude a

pol yRbelpydcess of fso pyesant inveutioh also catends it gricat mprasstens byfors! and/or

erl ? Igs\%léi gerde&feﬂ?ﬁllwﬁ espeC| gﬁ&k ?{l‘lﬂeg )B-F%g“?m

profeingisingiany suitable ethed fforexamplevia otider @waue awingiagidiside Ghains

ol o e end kT O Phuch SRR o BU Y Wy

pramil lﬁalgstanm clmmlﬁhe;rratpmhmanﬂ?NAmmwwﬁen p&hsqbahqmotbmom

conven e?l ona é?n%‘%?hg @%ur es e%ﬁélegl}if@#ﬂg os for
conpigetirg suéh otﬂ’eetopmebades tp mntihodies for axanple ste welidknown idthe art

(ot P AL RS 13 Pl il 2o o8, R 812 B, 108

62;3I=ﬁ§r Ebdrpe Al mg ahnhnmwﬂ {Revh mg 1968 g:(demwwenlg gt alc 8999,

PEG e | e {?9% iE Q
1&%{@ ﬁ&? dle%3 @hgst r y o ec 'glwmde for
exBmplesthiose d&cﬁb}qﬂl in hm'mnmaﬂl JPatef8hecifidativh htmobers-Q 9310Q2é i),
. n | .
WETRR, omoley woksiourB ittt SRAONERLe1. Altematively,
whére thereffetaormaleauieds Speotdin gryloypeptilis the lﬁmdwbeﬁﬂumed abing
30 _.Soci WAshi ngt on and " Biqoconju at' "Prot
rep e VAR S e B Sospred i Frpooeh PR g
NAL.B®2745M Asl| am and A. Dent, G ove Publishers,
Yor I n _one a | e .of resent i v.ention..e
o e TR e o OF fore, Sypincs ¢ %?ub@tgp inysiep (&)
privrad the attdchmart oflefféctud dioldctiles ! terfiTdctivathiy’ BiG3edhtreinutfers to
thle forocesC O\s/.% proaucYng a free thiol in each cysteine to which an effector molecule is
attached in step (b). In one example, ‘activating’ refers to the removal of an adduct bound
to the cysteine, such as glutathione. In another example, ‘activating’ refers to the reduction
of a disulphide bond between two cysteines in different polypeptide chains, for example,
reduction of the disulphide bond between one or more hinge cysteines of a F(ab’), to activate
the hinge cysteines of the constituent Fab’ fragments. In one embodiment a hinge cysteine

)
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linked via a mal eim de group to one or nore thio
groups in the antibody fragnent. In one 10 preferred
enbodi ment the protein is an anti body Fab' fragnent
and a PEG nolecule is linked via a naleimde group to
a single cysteine in the hinge. The PEG may be |i near
or branched. To attach Branched PEG nol ecul es, a
IyS|ne reS|due is preferably covalently linked to the

o {9 e o 35 B BIRER, 6 Gt o e
embtitenty hinge yystaiieydfe Fobj fagmient lwtly#@i by reducingdhedispiphide bond

t he nol ecul.ar ach polyner is approxi mately
!’?@mﬂﬁﬁﬁg ﬁ#@#otafgﬁoﬁ%cular m5|ght of the entire
poI Praferablyndacle cystrineshat sactivateddn sipmads thmreveys isgoigp disulphide

lmwgfﬁétslﬁg err?g{t%ﬁec%&g{lg‘ol eC %’ﬁg’c?ﬂ& pr oce &bﬁescrl I‘Oteln

is dncintibailly et frigiens theiebf, a nmmal aptlmtedsn qep (@) mf;:ahly not the

iR DRI B PN cBs Gl e i i, Cu

<naﬁﬁndﬁmﬁa%&ﬁdneGmmnméwvmnugﬂq%?nIﬂﬁnpeﬁs@ssmmﬁwuhsnpnnmksa
resent ent i Xt S,.t0
s t5tor ipleons oo spieRuy SyfRetot/ Plached 3B
cyMéihfﬁmﬁkHshﬁ&éth&ﬂfeﬁﬁbE{dﬂﬁLphﬂe uhmeawmntnemm cancbetretained.
proteln uging any sSultanle »
ot hBYong\FH %m"ﬁ’aﬂ q’fﬁtp suc &&Fab
gh@ﬂidddcﬂér»]ﬂtge ﬁ‘b&wﬁ@ an ﬂﬂbedly Fbt Fragrfidng ntwigclrmﬂ e@‘wbes
e attacheqg to the roteln u ng .st.an [ s
aclspblie iackAd & BH F YRS DR TAED P SRR A fiphide between
thdHea{Pird light chin{ERDarkli ¢ fBiretdinedct | y or via a coupling
agent tq the effector nolecu

confapaler rsmeL rse e < bl g e PR Y B e plfpr

m&m rdwdslof{ﬁe fvédtidnaThe pr()tbim whidhinaybe dmsmne
Con I ed .Drug DeI i ver Robi nso
or dificrent g be Lplygiia s Or BT BEGEmOIREHIFR, Whetp SEprobt RS EDE

£ : B?Hne-exd 1% Mvaleit Sl eo&bggwﬂglliml%bm intdOREn dege
ar nmaco Ogy an era eu J al
conaaa S eter AR alaes. Jp one e srans gioab’ Siththis

%b rocBds F thébfe@éiﬁinv&ﬁioﬁlﬂﬂ a mﬁmdldcﬁlaiby appropriate
nurrbers 3/ 06231, /22583, WO

linkerd 67 Erodurs & o YaI5E 1atory (B8 R SBEnP S TR, gl are

cr&‘a!iﬁaﬁe&m £PEGAed diffaleffidb Bridgs t@pidEaJcei DFMMPEG as described in
pe tide the |inkage nmay be achi eved using 25

Ohant DNA procedures, for exanple as described

Badavily aRfated inCstdp! (BYbf thproceihlof 4ife. prdzs&ttiimuon

pr ocess of the pr esent i nvention one or m) e c e| nes

bydiafiltering thepeaiein naas%ﬁme%ethl fpdusmeagent ﬁéa
wﬁfzﬁ ﬁ%&?ab?@ 36 intrdiSleduft Bsuld EH&U&Idanlaﬁﬁﬁubhﬁﬁdwell-
ereln ers to

knomndgchniqueiadhe w&“&& gl for °f Fo sbrngmg s G PR genples.
]ﬂﬁh&ﬁwnmﬂwamcmumumﬂ&awﬂdmzﬁnammqmammAnmmnmnmdcdhmdﬂm
Pall Centramate system. A protein sample, typically in a buffer, is diafiltered through a
membrane which retains the protein and allows buffer exchange. Over time the original
‘buffer containing the protein is replaced with a new buffer. In the present invention the
term ‘diafiltered against a monothiol reducing agent or a multithiol reducing agent which is
incapable of forming intramolecular disulphide bonds’ refers to the diafiltration of a protein
against a solvent, suitably a buffer, containing a suitable reducing agent.
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30 attached in step (b). In one exanple, “activating
refers to the renoval of an adduct bound to the
cysteine, such as glutathione. In another exanple,
“activating' refers to the reduction of a disul phide
bond between two cysteines in different pol ypeptide
chai ns, for exanple, rédduction of the disul phide bond
bet ween one or nore hinge cysteines of a F(ab')2 to
activate . .the hinge c i i Q4 Giltfel sbhition Exdiiples
fra ﬂt@&elpwwgéﬁégfﬁgﬁbﬁﬁiaﬁ@%ystei ne. 11 of,

of Wiiéh i?]dlﬁcﬁ%ﬁﬁﬁ? nétdingitet itwpho?hatgry)r pm_gmﬁg. ghemmajbmgle
to the cystelne. |n.anofhe

s pteion e e o G e ey §S AR ol AR Tl

buffeP i&'ilg(s Hgg?gmgb@? .0 dg&ﬂ%anorbqu@ﬁbﬁwm.(b}pgﬂ& R gne
In a a . r e eacn. C I .

prteged smtcdohie b5t 8 oo ELE AR itk optonaly

con%x?‘&'éﬂ%ﬁiﬁgﬁagetﬁt_ dghm@w BGTA D Toor DTRA.cPmfcrahiy the buffcr e
sane po epti ae. r. exapp e r .

O T P W S e e

bué(r)e? n{aggeﬁémaﬁhg bifE& fseenals itricid, bketicianilsfolihasic; bisjns: teirine, tris

eavy Cchain, CHL, or the interchain cysteine of
orAP4. [ ight chain, CL,, or an intrachain cysteine of

t Nep DRAUY aghts|shitkBle fobielin thEipRset invention examnothinl exduéiog)

provides a process whereby effector l.e be

agenfsfand myhi-thipl m@lﬂ%@@@&?iﬂh&%ﬁm&?‘f"a@?ﬁ%ﬁ gg’“&%ﬁlec“g’?“’. PeD

i.F¥ﬁ@§5§ﬁsresidues and ot her desirabl e disul phide
nkages wWithin the protein can he retai

oy
enbMonothint redcingAEeP £ gfR N e pesient Sy RS oL Ve Ko the
zalllt:c‘)aro e%sg)? %&g?cgﬁt%%%gk rngab' frtb’@rr‘gnt i [ 'h‘“Se
mesdapocthanol, cymtine uidcaiytathiope. Repfrtbl cheme 'Wge%ve?@%fﬁfﬁ“
. the hi the hiaedi sul phi de bet th
in ol e el 4 Pinchelp BEEI AR Sliﬁpi s retained. 15 I n
anoOther suitablo tidneing agents st 'g\(‘ F@S“ﬁ‘ggﬁ%?gb% HHked
in DY 1906 i P16 6 Asulphiak 861ds & Fheind Gniiltiehiplredieig agents
AL T RTIEON Y
ff ST : i@ e Lol £ forthin|
rofe e e o o btk o T P
mﬁmmlabﬁsdpmm@dehgwmmﬁémmgﬁﬂ?ﬁ@@“ &

covalg&%%ﬁmﬁ' ked effector nol ecule. I n one such
SRS SIS Fab' fragnents 20 are |inked using the

process of the present invention to a PEG nol ecul e by
appropriate linkers to produce a nulti-val ent

anti body. In one such exanple, two Fab' fragnents are
cross-linked wwth a PEGyl ated di nmal ei m de bridge to
produce a DFM PEG as described in W»09164460.
Cysteines are selectively activated in step (a) of the
process of the present invention 25 by diafiltering
the protein against a nonothiol reducing agent or a
mul ti-thiol reducing agent




10

15

whi ch is incapable of formng intranol ecul ar
di sul phi de bonds. D afiltration is a well- known
technique in the art and is commonly used for changi ng
the buffer in protein sanples. D afiltration cells
are comercially avail able, for exanple, the Am con
stirred cell and the Pal¥ Centramate system A
protein sanple, typically in a buffer, is diafiltered
t hrough a 30 ngﬂbrane mhrch tains the proggi N and

c

al | ows bu hang ime th gl nal buffer
containl e protel replaced W 5 neM/buffer
In the p nvent | teqmc di SHed
agai nst a nDno§ i ol reducrng agenﬁ or a nultithio
reduci ng agent which is incapable of formng

i ntranol ecul ar dlsulphlde bonds' refers to the

diafilt a pr xﬂﬂlgfagayﬁﬂi a sol vent,
surtaﬂﬂé a buffer c ai ni ng a suitabl e reducing
agent. 12 Step (a) of the process is generally
performed in an aqueous buffer solution exanples of

mhlﬁg i nclude but are not |imnm tedto phosphate or
citrate b The protein in the sanme buffer
as the dN\g rasi on bufH8r Q ypHe different.

Pr ef er abl e pHBdf the buffer”is i’'n the range of
between 2.0 and 10.0, nore preferably between 4.0 and
7.0. In one 5 preferred enbodi nent the buffer pHis
between 6.0 and 7.0. The buf may optionally
conHig| ch®at i ng age EHA EGTA, CDTA or
@. 8H he LU gfit aPhs EDTA at bet ween
p¥ ef er abl y 2mM

DTPA.
grnatively or in

| and 5
addition the buffer may be a chelating buffer such as
citric acid, oxalic acid, folicggHcid, bicine, tricine,

tris or 10 Reduci ng agefits suitable for use in
the pres vention are nonQt hi ol reducing agents
and muJti g ol\reduci ng ag whi ch are incapabl e of

f or myap |ntranDG$puIa@ di s de bonds. Monothio
reduci ng agents for g NP &prgsent invention are
wi dely known in the art exanples whi ch i ncl ude,

but are not Iimted to, P-mercapt hyl am ne, p 15

mer ga ,g@% Pg},ge%ﬁ%;é 'ugémarﬂ%r%eﬂhﬁmh@mae nfkteFhe) fddding

the nono I ng agen use he present
agéntsnehith am cipeble 8f fosning mtvtolspilandisdohida teads, ueramale

m%ﬂ%#og%%laﬂ Sl %ﬁn olBMdr dishiphiAb bokaRl e itd BRI thidl

rncapa ormng I nt ranol ecul ar
gnmbsulphide bonds. The term "nulti-thiol reducing

SO LS00 0B oty

dis rein r ers to reducrng
1d6i1§ﬁéﬁ by deﬁnﬁmmtg thayireber of frepshielstpridosedfionfbe pipfeirtin trsgted with

ot BBRBR o LT RS o A B
nples o sucn reduci n

step (b) for example by size exch:smn chromatography Methods for determining the

aumber of free thiols are well known in the art, see for example Lyons et al., 1990, Protein

Engineering, 3, 703.

Suitable concentrations of reducing agent may also be determined empirically by a
person skilled in the art. Preferably the reducing agent is used at a concentration of between
0.3 and S5mM, more preferably between 0.3 and 4mM, even more preferably between 0.3 and
3mM, still more preferably between 0.3 and 2mM. Preferred concentrations are 1, 1.5, 2,
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agents are shown below. 13 cc:: SH\ SH I / cc H3C SH
HS *"~ SHHS/ SH HS _SHHS SH HS SHHS ~ ~ SH SH
S1 \ HS SHHS SH Unsuitable reducing agents for use
in the present invention are nmulti-thiol reducing
agents which are capable of form ng intranol ecul ar

di sul phi de bonds, for exdfple, dithiothreitol which
can forman intranol ecul ar di sul phi de bond between its

[ u i . . .
2800342, & OB Bty B U B3 L 0w it
achieve spleeiive iaétivetiothof tatget oystdinisn §p erieembadibent therefbredhe

' t ieNed St . i th the
cofclhiiiin OF SAUGH Bl dBlo dof GroBLESule" 1l e BBt onthd
comcantiation of redidimgagent does mot eXcesl 4mMa bhaet embodisenighe b) f or

| si.ze excl usi on ¢ t ography. ..Met hods for
cm?e err%sﬁ?ng ct%ag‘f%t%ﬁfﬁﬁ?g?mg%r reeﬂ? TeoTe alﬁ/ngntv\qg‘?l
cocentvation of tethecingy dgentsloes riobexcesdbmiV e Il gnerembedimant.the 1990,
Praotei n_.Engi.neer i 3, 703. itabl e concentrations
°°%°Fﬁ#“§8’&8fﬁ?§‘g’é‘&e‘1¥ﬁt@§?’%3f?8°%el ermned enpirically
by I onpembodimektiof thegrdsent irdventin} pricPteethe stadp bfdiafiltration in step
reducin ent is used at a.concentration of .bet n
(e 13 ) e peREPrBREE s SRR SHERRIS AL b PgfRin 1 RPELE dui
comtaut fWith lﬂglfzed;%higsagaﬁ byvaﬁﬂmegé’n. dHghcd c}iatmb@ﬁmd heédt theRéducing

refera et 0.3.an Preferre .
sk B entrfied Bt ing disg igion uiterand Shess 1536 rogusing pgent present
in the plotdif saipdd sricled stept (Bpofdlypsieathd. at i on of reduci ng agent

is Jowin order to .achieve, sel eqgtive activati.on of

| o IrbotB P men po R Ae A Aol 1 e Y R gt
diafiltration in step (a). Preferably the reducing agent is added to the protein immediately
prior to commencing diafiltration. The reducing agent added to the protein can be the same

. as the reducing agent in the diafiltration buffer or it may be different. In either case each

reductant used is preferably a monothiol reducing agent or a multi-thiol reducing agent
which is incapable of forming intramolecular disulphide bonds. Accordingly, in one
embodiment the reducing agent added to the protein sample is different to the reducing agent
in the diafiltration buffer. Preferably the reducing agent added to the protein is the same as
the reducing agent in the diafiltration buffer i.e. a monothiol reducing agent or a multi-thiol
reducing agent which is incapable of forming intramolecular disulphide bonds. Preferably
the reducing agent in the protein sample and in the diafiltration buffer is B-
mercaptoethylamine. Preferably the starting concentration of reducing agent in the protein
sample prior to diafiltration is between 0.5 and 1.5 times the concentration of reducing agent
in the diafiltration buffer, more preferably between 0.75 and 1.25, even more preferably |
between 0.9 and 1.1. In one embodiment the concentration of reducing agent in the protein
sample at the start of diafiltration is approximately the same as the concentration of reducing
agent in the diafiltration buffer, preferably it is the same.

1t will be appreciated that the activation of cysteines in a protein in step (a) of the
process of the present invention can be optimised by a person skilled in the art by varying
the reductant used, the concentration of the reductant, the concentration of the protein, the
pH of the reaction, the temperature, the duration of the diafiltration and the flux rate.
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concentration of reducing agent does not exceed 5nM

I n one enbodi nent the concentration of reduci ng agent
does not exceed 4mM In one enbodinent the 5
concentration of reduci ng agent does not exceed 3nM
In one enbodi nent the concentration of reduci ng agent
does not exceed 2mM I n dhe enbodi nent the

concentratl on of reducing agent does not exceed 1nM

the ne egpagﬁage%#m?@gﬁﬁn I'n s{Jeh éd%g}ﬁe%m?syn%mn

skifledidhergt. Sgitatle fwerntes include bmeanlmné iLh dmﬂpm%rﬂepweﬁ gux
ratg%g%f | n)peﬁegf&r ht Il%lﬁ:?w% e he e diSbdishent

née 1 n-one enbodi nent the
thd Mifkuate B, Sdevoluma/bonl y i ncorporated into the

it B b ol 16 it

ab&h@@&ﬂ%&&ﬁ*@lfﬁhﬁﬁkaﬁb&ﬁd@n@ﬂhﬁeedum ng agent is

2 2Pt Qe P RALR 81 O it kil Bl o

dHeanfUEfRdL6Y tﬁblbd%ilﬁﬁl uﬁsﬁtuchw intépd(b). tSmtdﬂmiwatmnn gy be

witi
edl afiltrat Iaﬁghglﬂeggélfeﬂum n %tﬂagﬁf oﬁ?ak&rlﬁgtc%'o@er
a $Lhiod be Detwitkh And20 hidtks. G ohd enibdflinteat the ﬂfaﬁhnnlm takes plice bresr a

pisitain oo RS 45 €775 b by s Uplgen

%&aﬁl&m%mespﬁéeéﬁwpmdws sasmk.ecul ar di sul phi de
onds. Accordingly, In onﬁm_ enpodi nent t red alsobe
agemﬂlﬁéﬂ%@nﬁﬁw ofppptein for useig;the preces; ¢ Qr'@‘ﬁ?n?

deieptlifed gig[inﬁ%?tb v ofe i1 1R didiart] depérdatg dmthé)uyﬁé effprotein. For

Pref er e reduci ng agent added .t ein
emlesw eprotqwslaeamh%ﬁb 3y Eagment syitabl &P%‘FF‘F’TQ‘P 81H‘§°
bl q | d wtwéeﬁ:ilaﬁm% m?]gg prefersbly 20mg/l.

|o re uci ng agen ich i{s ing
for rﬁmgnallmfp Horping diafltion s %@%ﬁ&%“ﬁgﬁagf"‘gr"g{?ﬁ geductant
f@@wt é&@d@&ntke%&vb&bd@&&h%teﬁ (@aﬂ@(w ofithe ptomskhansany
)

ration buffer is rrercap %m)” a%mmﬁmtls

suitalle methd ynovmdn giegrt Mgﬂ
reﬁ&%gh hﬂﬁﬂaﬁo 4 ﬁ& B %hﬁer%ﬂfdob@mﬂb&ftmhhﬂ;&ﬁedmhg
| S e an

ween

amumpwmbﬁpon #@ tl mes, the co::centraEJ on gléffer In
m@h{éﬁ \Agg%}ajc@( 'P&k &e&étaﬁnsire&%éd b§ URAlEEGCagainef shustet

In one enbodlrre t the

cantzingegia lowet mcwav@féﬂ?&n&gmt @mbe@mt the leyp) of
re%ﬁct&x@ & ré&-.lh@é& orhe diithdnt {sréhdved floi tﬁ@ﬁbﬁiﬂ sampRIby gelfttration.

e concentrat| on of reducing agent LN,
d| afrnlstepﬁx)uoﬁﬁemops.srone praere effentar malecules gy 5&???‘“

(ﬁmgp Is L 'xf(\]ég i &d&%'a&&hlaﬁ%ﬁeétoﬁaé@ww&e
p%}édaprgro elﬁn%ﬁargé)sot?g1e Od‘}f? the process of the
agtiveted cyysteine(sdnt i on can be optini sed by a person skilled

conciirh BLbr ¥ il hlS gaihy bR PURITRRA i S8ont, P example an
aipfeeughuffersiotution ush ap phasphate; citrate ot aqetste. Typicallvtiysds the hyfer
il S b %tplro Qjmﬁlpﬁasm dibfirteRtal o Brarifiirelt BG bl itifatioR! The
reaction may generally be performed at any suitable temperature, for example between about
5°C and about 70°C, for example at room temperature. The buffer may optionally contain a
chelating agent such as EDTA, EGTA, CDTA or DTPA. Preferably the buffer contains
EDTA at between 1 and 5SmM, preferably 2mM. Alternatively or in addition the buffer may
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15 Suitable diafiltration flux rates may therefore be

determ ned enpirically by a person skilled in the art.
Suitable flux rates include between 1 and 15

di avol unes/ h. Lower flux rates may al so be used, for
exanpl e between 0.2 and 0.9 diavolunes/h. In one
embodi ment the flux rat¥ is 0.5 diavolunes/h. 5
Diafiltration nay be conducted at any suitable

be a@%ﬁ%@ﬂ&ﬂﬁ% %Eﬁ, SxaRELME $lic a@i@,odiémé Gichitri P ADA.

roomtenperature. Step (a) of, thg
mmmdmoxsmmmnmyWenmlmﬁméwuea\MWW tive

each cyst e| Sulb wilbBe
to tig GoBg R eipforeit o el 1. H5keA tt?’é%ﬁg&*&z‘“
emxsTi ﬁﬂbmceﬂmuamntdlguvbyo b conshitfafigiofithe prReice Typically the

ot ey SR Pt TSGR S o R L 52, 9,10

or J0¥Blddhdldr ekémtpmammplwbm/ﬁectar mplepyleepnggatrations

incBge Aoy 525, 1 00 4 QR SRS Hitogfeqy pif b e plofs

areliAHEd 686 ofmére effesiorafioléoules imaffectormaleduieaynot be in excess,

trat f

for Rl 16 i) oot Aeoulg o BbisiT ey T oRfeeR DIREST ety
0. 52 kb lrlhgdudnrbfqaeeaaﬁ@n mdyebemermgat e ted ampmalwp@ pofsop pl@llg in| a the

or exa e e protej
ac i AL DO ARG O ey T e s Yo e b over
a m&QQ /hburspreferably betvveen 2 and SOrTg/I

f bly 20 t ] o

252»&2% Dedesssis B g B oo itening e Bl pe iR On

e@&m&ﬁé&@ﬁﬂm@&m&hﬁym@d&gh&nﬁﬂhenmha@ﬂmmmmﬁmﬂamdﬂmum

a) and (b) of the process i ng an
qmmbwwe ignal mequs, fg ﬂ%’fﬂ”y‘{gﬁag once ra“l(a'glon

1 on

ex %ee e bR kioh 8r l%Qrcf 8516 &derhxioﬁl tirbmhtbgraghiyon Heficetimene
pro

el n_ agai nst buffer Whl C oes not_ ¢
embeditmentihe pragrenef th? i e WF‘% 3 Fﬁ‘{]"’ﬂwm
pnqblﬁfvh{httﬁe?&eh% rabb&t TRfEAdr rBEedules bttdchédsis paxifidduf fer . 1 n
anot her enbodi mrent the | evel of reductant is reduced

by diafiltration against a buffer containing a | ower
f@gﬁgrﬁsr ation of reducing agent. In anot her
Ee 0

I ment, the | evel of reduct du
Theghsont dnvention will sy &a ﬁceh?dt‘wewﬁy %%ﬁ’ﬁ “e’g“’ﬂ"f%‘%e ‘s
leg.ration. 25 In step (b) of the process one or nore
effector nolecules are reacted with the treated

Flgnir@&eEﬁe&weuﬁ&i@nh&e%hm@&ho@émmmwm in order to
ach an effector nole uIetot%g H';F'E dne jen
Figyre 2o Arrompyrisonopiye 6@7“8 redping OREALYE 9 Y%Lﬁgr sifeiengy.

g&}ggo A& thphtisoft o e Bt of fedfictfi &P be PBGylatim sfficisucy uf f e r

['uti on such as phosphat e, %ﬁ ra acet at e.
Figyugi4c Bffegt of Friductan concentration gp é@l"? W‘ﬂ h the

el q,;gph onPEGyRE6H eficRRdy. t ered or transferred by
Flg{éﬁatsfi%rat on. Thé

The term ‘Fab’-PEG’ in all figures represents a Fab’ with one 40,000 PEG attached to the
single hinge cysteine.

The term ‘Multi-PEG’ in all figures represents High Molecular Weight PEGylated material
in which greater than 1 PEG molecule is attached to the antibody Fab’ fragment.
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reaction may generally be performed at any suitable
tenperature, for exanple between about 5C and about
70C, for exanple at roomtenperature. The buffer nay
optionally contain a chelating agent such as EDTA,
EGTA, CDTA or DTPA. Preferably the buffer contains
EDTA at between 1 and 5n] preferably 2nM
Alternatively or in addition the buffer may 16 be a

E chel gting buffer such as citric acid, oxalic acid,
-—ﬁ%?kg-a0|d bicine, tricine, Iris or ADA. The

20mf $RFab crontaiviveca sirleiibge tjohas Al ise0.SMiphosphate,i2mM EDTA
| t t
e e e R
meRibRIne agdinst 2iM Binkeajtesthylahiae, 01 1M phdsphatﬂi‘ZmM‘@D'B&eH@ n
TP aF 0 1y ) L ol S ap Rt uS G Vs Buadio Bl
Falb@blﬁﬁ@rﬂtohﬁmﬁﬂﬂceh&@u&naifdmml ar excess, preferably
1.1,1.5 2,.3 .5 10 50 fold | h
Dueaa&ﬂ*aﬁ’é@%# Lraf pligugts %fﬂ& ?‘@B?ffr Oeﬁ%’fegl.éu x g‘ﬁ’ﬁ’?@?r act%% ngr
redubtaht i rénoved frorh thaliqlotdy atitthgént éelfﬁllmhotmh aPDd& calusn

caulpred wih O 0 i, 2t RTA B gl et o PECHERA n

the i€ Gulir& vﬂwsrfetd oiftarieRceeX 6FASEPEG-hialeiraida (Wdkear) 4t embizbt 0

of effectar nolecule to_pr Y n.0.1 an
teapersgpe oy Gy aion o B APrEFHiAse PRGBS Rps tacke Rt b
sizb exdeiarrered enplrlcally by a person skilled in the

art and is typically between 1 and 20 hours. |In one
enbodi ment the reaction takes place over a period of

Fighe 1 6hod8 Wieprogfhision oi?&‘ﬁﬁfeﬁﬁﬂié,rcdcﬁ@l 0as eqiitibriuhoef+80%
cont ai ni_ ng the deS|red nu of _.effector nolecules
mapaPE@E. e Kol %‘g%ﬁl a0 material s or ot her
products generated durlng 15 the process by
conventi onal neans, for exanple by chromatography
igues such as ion exchange, size exclusion or
hydr ophobi ¢ i nteracti on chromat ography. Hence in one

enbodi ment the process_of the Lon
S upples oo Fom s DA BB ipee ol i meknl it O S Eibhety 2
BT pHE WefeiEaue inffratRin§if 8010 Ailobe Giitted ScltwitNEXN00 MWCO
pur i f| ed. 20 MPLES The present_.invention w./ll Eﬂ’v
magebrenes agsinst i 2 MerpaRieetalanin o BRYLZ mAERgreRel or 1
redREELIGRARonke 3r 1ARCR i dtireitd] 4l 0. 1M pﬁﬁégﬁﬁﬁab ZQIM ERTAGEHGfor 16

time on PEGyl ation_efficiency of

hoprsrepembiew teraeratye. Therediotagts Yesgthen wgmxam ‘i° @%@dﬁﬁﬁﬁmm

ofﬁﬁ%h%gaﬂsmf 1M priosptae, 2mROBITABHS f6r 4 HduRQIREbiER Mingefature.
e eff

ct of reluctant type .on E%&KIatlon eff|C|e?cy
murgmmhb’ﬂwe&ﬁwwheemb“@%h 2 ¢ #ld pRlappxoess o

b TNbih) BVbicafciin® {4 R, of pH o

enc
In parallel 0.5ml samples of Fab’ oontammg a single hinge thiol at 10mg/ml in 0.1M

phosphate, 2mM EDTA pH6 were reduced by incubation with SmM 2-mercaptoethylamine
or 5mM 2-mercaptoethanol or SmM reduced glutathione or SmM dithiothreitol for 30
minutes at ambient temperature. The reductants were removed by stringent gel filtration on
a PD10 column equilibrated with 0.1M phosphate, 2mM EDTA pH6. The reduced Fab’s
were PEGylated with a 5 fold molar excess of 40k PEG-maleimide (Nektar) at ambient

temperature for 16 hours.
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The term "Fab'-PEG in all figures represents a Fab'
with one 40,000 PEG attached to the 30 single hinge
cysteine. The term ' Milti-PEG in all figures
represents H gh Ml ecul ar Wight PEGylated material

in which greater than 1 PEG nol ecule is attached to
the antibody Fab' fragme¥t. 17 Exanple 1 20m of Fab'
cont ai ni ng a single hinge thiol at 10ng/m in 0.1M

P o S it gt i

reduskgt SSHRAGE 2 SDSP AGR aplysis demensteted inthe Héemhemldmulphlde was
E%EXE 5 Inmediately prior to the
rem&egf‘ﬁﬁ%# € Pﬁ@?‘gfﬁf%n 2- mer capt oet hyl am ne was
added to the Fab' solution to a final concentration

f
Fl%?é%@w At %er y %g%ﬂrg%g&?‘h{eag mﬁ%guct ant
moﬂm’EG‘yfaﬁw 6fthé Fah’mo:hpnm:l to neubation whichiresylésin aderge proportion of

I

ex&E of el ihit vidd ricnePEGylBted iS5 teB3%. Sipuilady diafiiption using

ce f 40kP l e m
8 P2 e G Hgted Tis o paibelot Hit R walinopoPEGylated
ﬁ:oﬁllﬁ%&& 58%aad Eaﬁmw ted)z%\memdsu Figdreldalsoshows Gatdf 8 on

HPLC, Fj.qure t.he f the
reductant ﬁadir\%l‘ﬁl %abiﬁ%q?‘inﬂ’?q 'T?ﬁ?t&gﬁ‘ﬁ%%ifp&f@gﬁg%o ation
ditibtheh6l i Fﬁﬁhhes&ﬁd &ybilibritka past mohoREGHlation ltcalmdcmabEﬁ&tH%“@ 2:

8nml_ _sanpl e Fab .cont ai n| ng a single hinge thiol at
muiFRGyiaion ontpt M‘B‘ﬁb’é’b .2mM 20 EDTA pH6 wer e
reduced by d| afiltration in 8010 Amicon stirred cells
with a 10000 MACO nenbranes agai nst 1nmM
Ex gapt oet hyl am ne or 1nM 2- nercapt oet hanol or 1nM

reduced glutathione or ImMdithiothreitol all in 0.1M

hosphat e, .2mM EDTA for s; &l
s eapplesaf 4 contpiming sty g B B R, 2
EDANPHEW&E resaha&ll diamurann up:iom mm&amsemgﬂsmmomq MWCO

phosphate DTA p@ {or 4 E“’Zﬁ at a éedl M

F%@Eﬁ: Witetheall 1100, dM]’phquaﬁe)mﬂdﬁmfA pH6 for 16
G- mal ei m de (Nekt at i ent t
hor_{ts a&m@t temeﬁ&&\raﬂ%wg‘%ﬂfﬁ ﬁﬂg &F %‘.I“ﬁ.{‘ﬁ%“

of ﬁm%ﬁ"g b Sairkst 0.981 HobHateStmNIEIEY Kfi:H6 for@ hﬂ:ﬁi‘s aﬁmhmin m;rature

H6 d bat
Thp rfueed A Satern T ERRIFES Wik & 5 A OfRE o) AR P
(NEREHY EehbiEnt eRipbiafitéfop 16 Butd. di t hi ot hrei tol for 30

PEGylation of the Fab’ was measured by size exclusion HPLC and reducing and non-
reducing SDS-PAGE.

Figure 3 shows that both B-mercaptoethylamine and cysteine are particularly efficient at
reducing the Fab’ to give high levels of monoPEGylation.

Example 4:

6ml samples of Fab’ containing a single hinge thiol at 10mg/m] in 0.1M phosphate, 2mM
EDTA pH6 were reduced by diafiltration in 8010 Amicom stirred cells with a 10000 MWCO
membranes against 0.3mM or 1mM or 3mM or 5SmM 2-mercaptoethylamine in 0.1M



10

15

20

30

30 m nutes at anbient tenperature. The reductants were
renmoved by stringent gel filtration on a PD 10 col um
equilibrated with O 1M phosphate, 2mM EDTA pH6. The
reduced Fab's were PEGylated with a 5 fold nol ar
excess of 40k PEG mal ei m ge (Nektar) at anbient
tenperature for 16 hours.?’18 PEGyl ati on of the Fab'
was neasured by size exclusion HPLC and reduci ng and

Hﬁaﬂét AW DY, pHETP 6 FoursiPambithiterdpiadtine] ThelRduak wad then
iy e’t%gu'l nter_chaion di sul phi de was rpihai ned, i} 106 e
rerfiosd bpEantinneshigflgationof the Fabs's pgaingt @ 1M W%M? P

| fidul ] St Phe RURRE Fatl HRerd PUGYlabdiveith & DRAT olar
&ﬁ%@%&i%&%&i@%}&atl on of the Fab' conpared to
excese of AOKPEG-maleinide (Meitar) & ambieat temporatusfoHlOhorsn of the

tioh SFRL B Qs it p{on L1 dr@Red8ioB nd non-

P%Pégg@%gﬁ%% ne i%%r%feigggéﬁidﬁgﬁ per cent age ofnoll—}ab'
reducing SMSPAGIROPEGy| ated from 55 to 85% Simlarly

diafiltration using glutathione or 2 mercaptoethanol

i ncreased the percentage of Fab' that was

Figure d Bic@s|tat ¢ effividncyof tissaiuios Sodependertiop thexpneenisationgf the
& L&l ' i | itibns. It will be
rol G T Lot Y Gt P Spdef Bend condlis. 1w
appretiateitiatediction of Byippitéinl eartheraptingisgd by verying the medurtar|used, the
ushes t egui | i bpi : ' ion. th
oo AR5 o “eitte o SRR AR B e Bt e racton, e
teinpératucethi amouns bEthe eluctéd passahtbionglth proteimans the flwt rafepf the
ontai ni.ng.a sipgle hinge thiol at 10ng/m in 0.1M
%@gﬂﬁﬁﬁw{i‘gﬁ%ﬂ%% were reduced by diafiltration
in 8010 Am con stirred cells with a 10000 MACO
nes agai nst 1mM 2- ner capt oet hyl am ne or 1mM 2

menir
Eﬁéﬁ‘&gt oet banol or 1nmM 20 reduced gl utathione or 1nM
6.5mC3afipits BE Fab’ lat 10mgmll il 0 sitdates ZnMEBTADHA 5p6ier 7 werexgluced

B e e

2-8@RapHéthRarkint PR kittaes, 2AMEIFTA AHBHE 6fon 7 for 16donts atambient

ePRRE. GF SRR A FmeYELEy e L ialon Sl 0okt
edulifbitad witted. 1 Mietttass) 2mMEBDEA PEM] £ 6fon(7. The feduned Faly§ were

| at | f the Fab' d by, Si i
PR oS iR P 401 P afen ) QO oS el 01
tefiperaturd f085 hdwgd. h ( 3- ner capt oet hyl ami ne and cysteine are

Pﬁ,ai rt i.(?ng;g{elgyag,?ffi ci ent! }aﬁegﬁ%glgéibélﬁ?w'e Fab' to give

Figure 5 shows the effect of pH on the amount of Fab’-PEG produced.

Example 6

Antibody Fab’ at 20mg/ml (& 2mg/ml) in 0.1M phosphate, 2mM EDTA, pH 6.8 was reduced
by diafiltration using a 10000 MWCO membrane in a volume of 15-20 litres against 1mM 2-
mercaptoethylamine in 0.1M phosphate, 2mM EDTA pH 6.8 for 6.5 hours at a flux rate of 1
diafiltration volume/h at ambient temperature. Immediately prior to the start of the
diafiltration 2-mercaptoethylamine was added to the Fab’ solution to a final concentration of
1mM. Following diafiltration the reductant was removed by continued diafiltration at 8
diafiltration volumes/h against 20mM sodium acetate pH 4.5 for between 1 and 1.5 hours.



Exanpl e 4: 6nl sanples of Fab' containing a single
hinge thiol at 10ng/m in O 1M phosphate, 2nmM EDTA
pH6 were reduced by diafiltration in 8010 Am com
stirred cells with a 10000 MACO nenbranes agai nst
0.3mM or 1mM or 3nmM or 5mM 2-ner capt oet hyl amne in
O 1M 19 phosphate, 2mM BDTA pH6 for 16 hours at
anbient “tenperature, The reductant was then renoved

by co ued dlaflltrat of the F nst
T FesSATeh e eV o1 53 TP e PE AP E SR e el at
foﬂ_mwéeﬁdﬂﬁﬁﬂzm were PEGylated with a 3

mﬂﬂﬁﬁﬁ%ﬁﬁﬁwﬂb
PRGRiAiah ot Ge Ry Pt BEwied by S FSTTROn FpLep AR PR ot

ackigfed. Wwas measured by size exclusion HPLC and reducing
and non- reducing SDS-PACGE. Figure 4 shows that the
efficiency of the reduction is dependent on the,. .

The diséiltretiompriopess wes earfrmedsa e 9%*’1??@%1%%31%&%'&“@6“ piigh
ﬂ@ﬂ&kgB%Pﬁ hnkg.s Fab' under these conditions. It wll

appreeci ated that reduction of any protein can be

opti mi sed by varying the reductant used, the
concentration of the reductant, the concentration of
the protein, the pH of the reaction, the tenperature,
t he anobunt of the reductant passed through the protein
and the flux rate of the reluctant passing through
the protein. 15 Exanple 5 6.5nml sanpl es of Fab' at
10mg/ M in O0.1Mcitrate, 2nM EDTA pH4, 5, 6 or 7 were
reduced by diafiltration in 8010 Amcomstirred cells
with a 10000 MACO nmenbr anes agai nst 1nM
2-nmercaptoethylamne in 0.1Mcitrate, 2nM EDTA pH4, 5
6 or 7 for 16 hours at anmbient tenperature. The
reductant was renoved by stringent gel filtration on
PD10 colums 20 equilibrated with 0.1Mcitrate, 2mV
EDTA pH4, 5, 6 or 7. The reduced Fab's were PEGy| ated
with a 4 fold nolar excess of 40kPEG nal ei m de
(Nektar) at anbient tenperature for 5 hours.
PEGyl ation of the Fab' was neasured by size excl usion
HPLC. 25 Figure 5 shows the effect of pH on the anount
of Fab' PEG produced. Exanple 6 Anti body Fab' at
20my/mM (f 2nmg/ M) in 0.1M phosphate, 2mM EDTA, pH 6.8
was reduced by diafiltration using a 10000 MACO
menbrane in a volune of 15-20 litres against 1nM 2- 30
mer capt oet hyl ami ne in 0. 1M phosphate, 2mM EDTA pH 6.8
for 6.5 hours at a flux rate of 1
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diafiltration volune/h at anbient tenperature.

| mredi ately prior to the start of the diafiltration

2- mer capt oet hyl ami ne was added to the Fab' solution to
a final concentration of 1mM Follow ng diafiltration
the reductant was renoved by2tontinued diafiltration
at 8 diafiltration volunmes/h agai nst 20nM sodi um

AaxdMSte pH 4.5 for between 1 and 1.5 hours. 20 The

reduced Fab'was incubated with a 1.25 nolar excess of
4CKPEG nal ei m de (Nektar) at anbient tenperature for .
bel-wAdmocess faraftagiting oug of mapeeffeciarmalecyles taneepprorg gysteines n a

neas i.ze. excl usi on HPLC. 85% PEGyl ati on was
oBh Shuiete,

achi 1 iafiltration process was confirned to,
be eéf¥astivating one ol morgeysteingsdn thegeaigin by diafikeringtheprotein against a

ef ficj f i -1

ot aiofiAgieL R R binufinioHeBiaf: deendyBEERIRIpANE of

nor e farmirgantrensolécnlan displpbide bondsangr i si ng: a) activating

one re,cystei.nes .in.th 1 e diafiltering

t he g):rS?ncglf‘ﬁmﬁMtpm mglthbaﬁgﬁﬁ&éﬁd@e Lei ng agent or a

]Emi.t Thé pro€dss mdfdﬁigrtl@ c&ﬁtgmﬁn Whitc]:hh n'kkn;loihilﬂ wlagihgagmt or a multi-
orm. ng intranol ec r. disu e bonds an . . .

[ eac | GABE pEeREPBIEh 5 TR oF [Fmig St el disulphide bonds s

ol epiebet indhe ProRinNafipRsprior erLstépdNg to claim 1 in which

a nmonot hi ol reducing agent or.a nulti 10.thiol, . )
" eHudherRFosEgERACOTHE claiim 2o whish e copcengpign | roducing agent in the

| Nt r BioRdiesiphd is BetieeR DiSGAd D Sigesithe copt@B@atién offtedueing agent in
protein sanple prior to step (a). 3. The process
accothgidindiltrasiop buffer 2 i n whi ch the concentration of

I eflUTh&Bro8&s Adcolding (3R 1aif 30h ShichtAdRhrEing Sorleeiitiion ofreBucing
and 1.5 tinmes the concentration of reduci ngfa ent in

the a8eatin/thepiptelsamplerisihe same as thepQCRisHAR Biederry in the

t 0 cl@fifatiod Bufithi ch the starting concentration of
reducing agent in the protein sample, is.t

! .Lhe sane as
t he Ehepresess aacplingde apyereofislpiagentl-4 it Which the concentration of

di af fddh&ing hgdne RufdMr - 5. The process according to any
one of clains 1-4 in which the concen%{cgti on, of

r etludhgproeggeapconding oy one of claims 1 -5 in which the reducing agent is
removed from the protein sample between step (a) and step (b).

7. The process according to claim 6 in which the reducing agent is removed by gel
filtration.

8. The process according to claim 6 in which the reducing agent is removed by
diafiltration.

9. The process according to any one of claims 1-8 in which the reducing agent is
selected from P-mercaptoethylamine, p-mercaptoethanol, glutathione or cysteine.

10. The process according to any one of claims 1-9 further comprising step (c) in which
the protein with the desired number of effector molecules attached is purified.

11. The process according to any one of claims 1-10 in which the protein is an antibody

or fragment thereof.
12. The process of claim 11 in which the protein is an antibody Fab' fragment.
13. The process according to claim 11 or claim 12 in which at least one cysteine to which

an effector molecule is attached is present in the antibody hinge.



20 6. The process according to any one of clainms 1 -5
in which the reducing agent is renoved fromthe
protein sanple between step (a) and step (b). 7. The
process according to claim6 in which the reducing
agent is renoved by gel filtration. 8. The process
according to claim6 in v ch the reducing agent is
renoved by 25 diafiltration. 9. The process according

098 P 5P 2 e i
p- meffextgrintddchle odttaclipdiis mmm&e@nubaﬁsmgne 10. The
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desipBgd nunber of effector nDIecuIes attached i s

p ied 30 11. . The C a

O The Pipessh o b ALAER L5 P e PO mRiepiig 008 pEC-
f r aggambide.her eof . 12. The process of claim 1l in which
the protein is an anti body Fab' fragment. 13. The
process according to claim1ll or claim12 in which at

| east one cysteine to which an effector nolecule is
attached is present in the antibody hinge. 22 14. The
process according to any one of clains 11-13 in which
each cysteine to which an effector nolecule is
attached is present in the antibody hinge. 15. The
process according to any one of clainms 1-14 in which
the effector nolecule is PEG 5 16. The process
according to claim15 in which the effector nolecule
is 40,000 PEG nmal ei m de.



