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PROCESS FOR ATTACHI NGEFFECTOR MOLECULES TO PROTEI NS
The present invention relates to processes for
waraaohispgy ef f ect or nol ecul es to protei ns and POT/€B2006/002416
specifically provides an inproved process for the
site-specific attachnmentt of one or nore effector
nol ecules to one or nore cysteines in a protein.
PROECESRF AR AT BACEBINGY EWE&WB@’I&I&%H@@S&@ RROAEAYS
a nunber of different purposes including both
di agnostic and therapeutic uses. The high specificity

The praait iddntioh trelates tobidassyfor atdchhigesffee@r avdechitts t@ymmgiheand
make t hem i deal  di agngstic and _therapeutic agents,
more spesHiGally PEvidesegimaYa ar9ckE IoF Biesilin-spectieptipchment of one or

more e{f&%&r @S%bﬁl@% H%%rtnﬁf Y @%iélﬂesf Mrhl‘:;gb fh.encoded in Fv,

ant y fragnents can be
Pootping amﬁnbffeotoo nolanlasattechefl faec tsed fmod monbeof diffdrerd purposes

ic dru t oxi ns or r cuI e
includifi bl Sieharia R erappinc el 1 M FREGIRCHSB A e eatibody
variablé ?@hr@qof SxabpI, kb ARYn NRYEIi3RIRAE En&ih%%k@ﬁd z{%nts particularly

life inanimals but this can be iInproved
for mOdidat}nggapte@npltotﬁmemrwtwmyﬁbs taygetpgl fym;xonmecbdedsn v, Fab, Fab’,

F(ab), B-gi %ﬁt %fxggntgrE%a CO' éa Ebcé) l nC{ § fs)’:gg?gt hgreS =tor molgcules

such asGlykdtokiaidiuyg, faaink ok pél@nfef ﬁl’@léﬁulﬁdtt@ ncteasérefiiadio Woy eﬂﬁtﬂple
nodi fication of a Fab' w th PEG rangi ng from 5k

since thpgepempeis lagk an Fg segion theathare p erarpaeslaingdiali-lify ggammals but

vis ca 15PN ol A A e e s

(PEQG). Dé]hdrm&[r;g tRevizevhthe odnjugditd PES) hasPety hhiiv&&dto&ﬁﬁrbﬁ@db!e
s.such as CDP870 are curre unde

mrcula%lrg ﬁéﬁ? Q% e from Apguigs oy @agRROYE £ s&‘ 09%(1@1 @?dﬂf'«ﬂ)g %dPE%G

rangm% ﬁoxtnoa'k@'a' 09 Obl@a Hésrlféblﬁ ﬁEI'nBﬂstﬁ%é(f (Clrla fnﬁaﬁ & AC qg@é 3l re

_ evels for therapy. Effector nolecules can’be dattached
B1otecmml<gypﬂ6,t7§|0ﬂ783; he(mgr@aétl’@lﬁ glrytu]qmel, 06, 196- g PoChapmark 2662,

Advandgd e LR RAGH et 55 R Gk Tagmeatnaped as
CDP8 70 28! @&Tétﬁl@r'm&ﬂ ﬁ@ﬁg%ﬁﬁlcﬁi RIN@here Y é?fe@t &fAHS b&jiated PEG is to
nmet hi oni ne) enol s (tyrosine), carboxyllc aci ds

bring thegpratating ha]cfrltfe tapogepinble lewslsfpr e ratptYher am no acid
%foegto? Iﬂ%l&%les@%& b3 | ‘{t% h%ﬁ 14 élaO(EQHQ,Fg act é&%po{n the protein

cules can rancom or SI

which atﬁeh otighs sdtinallg ﬁlEﬂllefplr@teﬂlt drde hmﬁmallly:intmaéd Wy protein
referred. The thjol resjdue fromthe sul fur
engme%rm& ausp ﬁ@@ﬁﬂwd&%na@(%weth@s EysgmagoReiianisy phenols

(tyrosn{eg a&?’ﬁéﬁlérhg %BH%) \Qﬁtrﬁb a&ﬁn § &ddf & oth&! a?rﬁhb ¥%&d side chains.

The sitSof ettshment ofcefﬁttbagl[mﬂmutes @hn Z: é;k?ﬁrmarir?dtmgi mrmtleespedlﬁc although
site spe%ﬂtm abct%gi)mgntﬁg Lsua fgrrec{ s most comonly

The thiol residue from the sulfur containing amino acid cysteine is a commonly used
reactive group which can be used for selective coupling of effector molecules to proteins.
Site-specific attachment of 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; W098/25971;
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achi eved by attachnment to cysteine residues since such
residues are relatively uncomon in anti body

wo e@goesvs. Anti body hinges are popul ar regi onBCT/GB2006/002416
site specific attachnent2since these contain cysteine
resi dues and are renote fromother regions of the
antibodg likely to be involved in antigen bindin

Leong gty 260 b Ciokess 161 Hek1 % Ebarmanner s al 999 NrturdBiotachuefesi, 17,

R T e T
for exad{ple to@réadk sur€ace bEpostdOystdife(sizppam,ov6yal ., 1999

Nat ur e fgi ot echnol ogy, 17,.780- 7831. Alternatively site
s\é{{%@e effecteymolschiss afedg besite rpcHicalE attached Viacysing thepfarget

tiol in WPRFAR 11 o fRPER fuh G5l S nlod PiaeFERRE brodet such as
glutathenme ot delteeratelyecappeichyf 4 clenliyal atldisich esedvduaing prytsingfesgeantibody
the target thiol. in the pr IL.n is. often capped .
fragme) e SR pot s PR B pPaBIS P SR Gl Ao SN ).
These @gﬁf@d@b@t@ Qe 1ol leRBY &t Bl &30 RESk Y ih@ t5B8ThioRbefore an
addi ti ve used duri ngmprotel n (e.g. antibody fragnent)

effectopprofegele con bamttaghedi {1 pany esses Udhdesirableso seleethiehbrictivate one or

-.Ni o] i TNB).... These ¢ ing agents. . -
more A ARE RS oA TR S5 Py R A Brines
within tHei prbielie flvrexampRf itiboay Faw| g cdtCitive RGadld Bgdielthin | N

cases it _is desirable to selectively activate one

disulpfgq?en etwpehe Bgawand dight dhaingansiapbregiags el end Cy) and so in
. . . "
oder LB o Dby AR Pl G SR L

reductinatiiuvgebé catrged bati witldssud ane siehbihatdhdtena® nCh hdiskphidy remains
: and |ight chajn constant regions (CH and CL) and. s
intact g7} afjpgfipeny atf] § F%%welef'ﬂesrf@dﬂwt%{dﬁ%v GUHCIRGSE évwaéd- Hence
‘mild’ RldBEMBRbRIitiBnd 418 caNnROEN Iy REd td fRE10VE AYEhidi %&i;{jﬁﬁg Sent and

_ hust be carried out wth sone care such that e inter
activatCtargiithidlsguriop o thectierwitingn effieciot maledulat Thshmibditedodtion is

BT R N
: ‘ e .

mercaf NHEIR (PR, PHBEh: Anf BRRETPAIR) bl lithiofABRN POTRORR for

exampRfEROSHBF 44y [Felloting rédicsiomahdraaetdorcivith effestotismioRdchlgs (under

e B B SR P A G RO L SOTEN ML

i L ERICAIAEL T B oy o o, APl

the corggstinyrebertaf@iifeolior moddchles attachnd| Ebislles effivicey of kéfsaor molecule

condi tion a_|arge.pr rtion.of the.antibo .
stactrfi 3 S b € Slnc ot B 5P e S BpradlF o ksmS e tpmpeuti
antibo@Nilagni@gewhanat s qmpertah ik hiddirdnayrddueidbh BicRAby RofdMieved.

fragnents that have the correct nunber of effector

noledEeReBsinyentiparsevidarinsinipsay edfor pasisefae yelogtivetyf aftaching one or
I t . I sadyvant durin he
e RUEEHL R0 W B0 PG P D s
invention a greater proportion of protein is correctly modified compared to prior art methods,

significantly increasing the efficiency of effector molecule attachment.
Accordingly the present invention provides a process for attaching one or more
effector molecules to one or more cysteines in a protein comprising:
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

mtramolecular disulphide bonds and
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anti body fragnments where it is inportant that maximm
production efficiency is achieved. The present

WO 20038981 provi des an i nproved process for sePeDGBI@GH02416
attaching one or nore effector nol ecules to one or
nore cysteines in a protein, mthe process of the

present invention a greater proportion of proteinis
b) rraetingcthe freatediptatein mgrﬁgmfﬁ&ﬁtqrmcmqudfr art net hods,

S|gn|f|cantly i ncreasing the efficiency of effector
rroectetm @rQ’QGIDa@-h peadthergin eanlatlen groteinh@ofypeptdes and fiagtients

Progess or at.tachin re effector
thereoRRLIRRE of: B BRE"Sp!cfss HriGHoetal He SR8 Bhetfigtarviesiie
attachr &M¥P hs bi@eindha ?@E i fi D) e @180 BFodBE Rarfaiel Rid! f?a%rﬂéﬂtﬁhereof
protein by diaf terléghthe protein agai nst a nonot hi

as long gsgtlegre gecgsrany thedesired piplogical mpper&)d@fg e ahldtytto \bmddh a target

ste) is$ald88 2P AObS b b Bk Aok A AR EEULRGs P RRLHCering or

proteireérfgéawbnng tmhmqmd:sefor'Elamnplertmmmdateday‘s’ftmm ihtdeaHe bﬁite&n l.tt%r use as
des ein i des and fragments thereo

sites of kel Aol GGl (s a6 eh PR IGRg IeoRSelerier

attachrﬁ&ft %ﬁﬁccﬁ@aﬁ%ﬁﬁ irPfhk %mgﬁ%hd/ of B8 We%hgi‘n Becremo kﬁ’?e protein by

. to produce vari an Us an ragnent
recomlmnmt éB‘ﬁA t@:bmq@nfg Ascorfliogly, ﬂleamﬁﬁ)ar gnd Ibeatnbelsafrogstemes available

or AR B RLIRSA 5 G S BRIy DL

intendluse Sif €@ ptateirOasl tBe Afbér IMGeBBL oNGuRE rRfueql N
englneerlng techni ques, for exanple to introduce

renwilesed spifabde pw&elm iwckida brigre neldimifedsiotamgymes, hormones,

. I
i o O A5O3 B0, i

fibrinoigen, tﬂbﬁnplyﬂt enmm@h@lii adigsub plasmipiogee i@ atod (OP Al &treptokinase,
andquglﬂotel n by. reconbi nant techni ques. Accordingly,

B IREiCHESIBEAmOgificas Such 9t BiertsTIawing, ABFECIRBS inche
colony®k AR %ctgx; %ﬁgﬁﬁﬁ&énﬂh&ﬁéﬁﬁ%#&ﬂgo&% sﬁgrf% ]Ifallge%?gul@/

control I'ed on'the I'nte use
hormope, gtaith hamiolteh gasmunrtfe Hictd- seffiiating hormbres TRES AIGIGHIIGEd.

binding=p PRt S0 SESARLS ST RO RN bck dsind eBept or s

Q’r@f&fdblyf 6 pRItSin 8 Whidh SRR Mo MG St AhBYH e process of the
i poproteins, and fibrinogen, fibrinolytic enzyﬁe

presenkinyentios it ssanibogy as ﬁ‘a@@g@tﬁh@woﬁ v%ih@terr(at armdo)ody as used herein

T TN R T R

may be; bloary nst liiséddol p@lyﬁl@ﬁﬁloﬁﬁnocﬁéﬂdl ml@muz%ﬁlo@ chdiic antibodies,
epti de hornones such as IutemzmgI ornvneﬁm%romxh
single ﬁ@ﬂrh@ﬁ@o igadivs Fb fipgmenis) Kab” ard F(abay iragmenss amhepitopsiinding

ﬂagmeﬁ?d?&n#%&@ E{' Hftﬂé i}%glreg %k &B{agle 88& ggr%g Q al3s

include those described in W02005003 169, W02005003170 and WO2005003171.

Preferably the protein for use in the present invention is a Fab’ fragment.

Antibodies therefore include immunoglobulin 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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Preferably the protein to which effector nol ecules are

attached in the process of the present invention is an
wa@nao7loassys or fragnment thereof. The term'anti bpdyGBa®we6/002416

used herein refers to whpol e anti bodi es and

functionally active fragnents or derivatives thereof

whi ch may be, but are not |limted to, polyclonal, )

Honooized antibddiesens autbody msheqwasihevingtonp o8 mess camplgmgntarity

chain antj i Fv, Fa r , ' !
dﬂfﬂm%Fﬁﬁﬁ%ﬁPghgﬁgggﬁF?8389%?%8%&3 rag?é”?s %¥g§%elg?9?hﬁa
human #RR¥BeglEbuliHA6lceNa gk eHr ofample @B I5e588/08Dpody fragment s
al so include those described in \%0050031&?‘%@.
wboosoasibrdics A thepaotbedsancopedbyypyogloRulig espes that
for_use | ' ' ' ' of
vk L0 B IR AP Rk i o
immunaglébilimpgielsegheant baloaging wedifiordnt spesiesf Preferablyghoheavyand
) mol ecul es, |.e. g?lecul s, that _contain an, . th
light chai sQpsiINbICEPNA oAt tth%%@ib qr@gllop@argidﬁagedaﬁom another
S eciesanti gen. The i nmmunogl obul i n nol ecul es of the invention
P can be of any class (e.g. 1gG IgE, IgM 1gD or IgA)
SMorsehmlbagiboflics mayibegiaianid ry #mi BeiibéKeewn e B Such as the

.,obtaiped f any.species incl ydi f . se,
hybridggs (eolmank TS MBI ety B gl R B
technicRe, A KBfMahiBIEMN FBddamnhithbdies (Rogborrt ih dyrumploge Toésy, 1983,

aving one or nore conplenentarit deternlnLng_reglqg%ma:

4, 72) 4n8Dke EBM-byhridonariethuiene (Cptecated. IYanerionah ppdibrdies E
fr, ' ' I I , f
Therapg, i 1200 A8 TS g0 855 88 ror o anti bodi s are those
gﬂhﬂbﬂﬂke?y&mf?ﬂﬁﬂnﬁyaimegoghm?mHMﬂeg&ﬂnﬂfm?hasﬁmv@
een enetl ca engl neered s | n
descitedan Pabsinin. getod T AV briSB4esr: dTo-hidncE) BhTFA gt WO
92/0253F SRIB4RBL GytRolhfibgient species. Preferably

e heavy an I ght chain constant regions are hunan
amekiidde faticatsineay rgitiaised fremckeryi wisde futthedzrrsperdally a whole

momocHgeh S8 O 75 B ST SRR RS O gy on tecfiiues, for
exampgegl%?f}éﬁhﬁ%m(mb%&{shfg‘ MidrBhidiely, oNat Mid@tionléhfibody? BBgments may be

497), the trioma technique, the human B-cell
preparbd by titarse of sehmbipaat PNAztiselmiguesanvolyingihronaypulrtemmgnd re-
1983, 72)_and t.he.EBV- i i
cxpresgpn o iy S BRSO R ARLONE Sl htcuta
biologgzec%%iquéé ARy Be ubddsis mddify, addOBdlete Amiridmitisas dompiralas desired.

e obtained by any other suitable, nmethod suah aéethose
Any aliesedonistie the varishlsos srustant regipnsgre st grcompgpsed Ry the tergys

‘variabLngand]‘%ggs’tan?’?’reéi%ﬁg as [RG%ercBf8, WO

The methods for creating and manufacturing antibodies and antibody fragments are
well known in the art (see for example, 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, W091/09967; 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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92/ 02551, WO2004/ 051268 and WO2004/ 106377. Anti body
fragnments may be obtained from any whol e anti body,
wespeoimbs y a whol e nonocl onal anti body, usi ngPEMEEB2006/002416
suitabl e enzymati c cl eavgge and/ or digestion
techni ques, for exanple by treatnent with pepsin.
) Al ternati vel or in addition antibody fragments may
sites fe5etisetepmotasu ttahbm@rge Toe nﬁ@mmgﬁmtonmetmmneame gormally

assoclétg&/ \Qﬂi | rtllgegg {18% n%{j at ' 8d}gﬁ1§ e(rgﬁ ICAY. esg}{%lalhélbgeorﬁ%mn is any

hinge ﬁhwdiﬁafsdn felg6ic &ﬁcﬁdir d@h@io@lﬂ)tn iRedhic GBS RRYe REidhS Shch Ainges
nodi fy, add or del ete ami no acids or domains as
can incyuds hinge reginps fromepiher PReics Sugihes hanana louse ratgrshbitsherk, pig,

as
s G S BRSSOl R AL e
complate bage negiam denresdUf @ tu phtitg dg o b kidfiérest cﬂm;@l oamibchrsiftom that of

ey RETET B et A2 DA e

regmn%g g}égs ﬁ&@klt&é@@%‘ td méhlﬁed 5,%%%1315 Ry cg\ﬁ%ﬁse,ef)ar%f a natural

ture
hinge @ragiepeaiing vagan with eabJSAmt aﬁ‘ghe 38838t is Riedgéihrom aetatlahl hinge

region%irgsf%g%t u{tﬁgg szethe%%?dral i gge r%élgggzg@/ 9%3f§ﬁ§%y convertmg one or
more c‘&@ﬂfe%%ﬁl—ér réddiitRt aitenafeh] Adriues, st8Ps seﬁh@bﬁﬂﬁﬂﬁé -or by
net. En Rev, 10, 1-142; Verma et al.

COIlVCI'le& Syikablip ap@ﬁmﬁgp@gp@a}ysmﬁxgﬂ@uesg 1By s@anq%g )he number of
cyste11é%§1@l9é§'n? %e%?g%%%iﬁgﬁg%r id ROTER fdgérezysseg | (S]thtergt%f)ﬁhg ad hinge

present I nven SsesSs a natve or
reglonhmlag de eatiiebnsyndrgic iaad ngy beecsipneiiogosyess isired pwpefifes such as

ma e used assit . effector nol ecule attachnent.
lengthﬂ%teﬁ)gtqogg)opﬁuﬁﬁ@n&glﬁpgﬂny s the hinge region normal |y
%%ﬁfh‘b@lt ﬁdméﬂ‘éhhgd }ﬂ}\gg %glorgcﬁﬁ% Br&fdytdien ﬁégchg&fjf'or ei%ar{lple in

nol ecul e. A nodi nge region’is any hinge t
US5,6di,425V8OPL I5dAgMO82a9 Dlr arcloWi2905 0031 71 mndrtebeans dtidovgorated

._hinge regiaon. Suc es can_i ncl ude hinge.regi.ons ,
herein By §AErehf B ouB R mb e i a e rARe G SEtsor 4t ohFign 4 Fab
fragmenb @it a fRitige ob @ WRIdefied HiRdEkgioh! ama or goat hi nge

regions. Gher nodifie hlnge regions may conprise a

divelh |0ﬁ greaddilgm piteigncrifeybieimes &r e&muobmyecufe agtachment

may béjérfrgafé’e%a.llﬁ 0 &h 081€|S §% ff%@esn?s tglr 1‘%& t 8%%@%{?1%% c&r?aég §ur6acp

exposadrystoied) (&ﬁbﬂbﬁ exanple UISTHE1 9,99 4d WO2006633148%). Thus by using
Alternatively, the nodified hinge region nay conprise

suitablg gpginggring tﬁ“é’cf%ﬂw the pggebep pL %ySFeétgﬁsan B gniipndy or fraghvicetihereof
may bEAGRiAAIH ofddr Hﬁﬁrogﬁ? Pﬁdlﬁc bysst Itéspfgr fo narﬁlg lecyle

I nge region. ern at Ve,
attachthémige regi on nay be altered by convertlng one or nore
dues into neutral residues, such

t el
;[geslg;g :1151 ﬁ%é) %pg%cn fﬁgsth%preapt invention the protein is an antibody Fab’

fragment and each cysteine to which an effector molecule is attached is in the hinge. In
another embodiment the protein is an antibody Fab’ or Fab fragment and at least one
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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converting suitably placed residues into cysteine
resi dues. By such neans the nunber of cysteine

w0 e@7aessss i n t he hinge region may be i ncr easedPOF/GB2006/002416
decreased. O her nodifie@l hinge regions nmay be
entirely synthetic and nmay be designed to possess
desired properties such as |ength, cysteine
any celb-asspoigiet ianhgamn frioxamplsi 4 Gellsuriaceaniger o celigaichas hacterial cells,

veast ol BeesiE 2h8qBeR (BUELEERE (ITHIEOT bR T Bl BB 1

Antigedd'flay Higs Be afiemcticallp colataatiarttzes sumhbaﬁ thcﬁfeeanbgm uptegubntasl
exanpl e the protein for use in resent ﬁtlgl

during diseaseog Heqtiong s FKamPISeee g A
Part1cuﬁa§%t(8ﬂ%16éo‘!)§ @e‘il%% YEhMigeRS 1ﬂcﬁ1d@qglﬁésid?1r}nol%bﬁ16s Sf&e&dafdpfe

ector” nol ecule attachnent nay be
integrigygich asaﬁ tihteging eanMIbbodi Esselertid, Pagphaetin or Lisstestifn, CP3yCD3,

oe, ETEPE . $15a; 6B bt DO b SRR D208y R a3,

CD40 %f)z%Sa PRy SALHES rchf&%&eﬁ‘ﬁﬁ%ﬂ&ﬁﬁg%ﬁ eCRAT R aA milk fat globuhn

égimes 'n an’a or fragment thereof may
(HMF@D did R)p MHEG @asdrant Mﬁcmassdl antgwe,u aﬂldé’ E@Fmﬂ vdfere

oo S5 Sy S S b 72 -
3, IL-4amJ5 bady, frad 1.iraansslor d 7eved afligdne |fd5163xfaﬁ1pNhie§1ﬁrawry

fector nolecul e is attached is in_the hin
syncytmh wirheor cytryoctiatrainus epgqe JrEoglobyling ﬁmlb@g(ﬁEFlélEPffe&nS such
o o T et SRR LS8 B M0 GPn o fcor
B, col&%%fiﬁfu;‘rgﬁgg REREE LA % G-I b aSKI-EXPOADIAYISt @rlvRd ghdwth factors

ment two or nore effector nol ecules are
such a8 PD@Fhe Cand PTRGF Praridowltiyre Epiroprfiata grwepiorstherea. Ieast one

PinBebrooReE T L RO Sdoret et P et b Foydenty
hnked%!roﬁgﬁa %1 ﬁ‘g&ygggﬁppa%{ :99%?&1'&6 feBRnE WcatcSn ﬁﬁtﬁr@t@ﬁ’ﬁ/ el dovhlent

ene sel ectively binding to an
linkagamtill gemeralfhise aadusulghnﬂe roepd, kfefarwetb@ Hond 95,dn ipattisglar, a sulphur-

carboégé}lﬁlg :Ag)pﬁég{aééy ¢t vggefqa csf‘feckpé él%qli % go? ré%,ara@:% 801 ge(:fec ive
denvaﬁ@%‘%ﬂbl? hd @hletRideSpRididmmRs! vikddifone, QBdac%tyﬂfﬁjtoﬁea@tyl and

' e antigen. Anti'gens may al so be any nedically
cyﬁmn@dmmahwwamnﬂgEWW§uch as those antigens upregul at ed

amﬁ {}?m? ﬁtzefc or&}?lfxé%lnf esgltslec? ﬂ?re{n 1ﬁgﬁé%ggdrrt%xﬁlﬁpfepElﬁ{n%oplastlc

agentseﬁﬁiﬁm t6%in9 {sucke bt elfglyirfaﬁeﬁl}az&ﬁﬂvl &Snd sfHavdeabaiydaitongin and
nol ecul es, for exanpl e integrins _such as bl |nte9r|n
fragmentg thexaoAe g, rigingar dragmentsphergpla Siqlegienlly| ackiye praisips, fpgxample

enzym%rsx,gother antibody or antibody fragments, synthetic or naturally occurring polymers,

nucleic acids and fragments thereof e.g. DNA, RNA and fragments thereof, radionuclides,
particularly radioiodide, radioisotopes, chelated metals, nanoparticles and reporter groups
such as fluorescent 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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Ch4, CD5, CD7, CD8, CDla, CDIb, CO 8, CD19, CD20,
CD23, CD25, CD33, CD38, CD40, CD45, CDWh2, CD69,

w@ arogionssestbr yoni ¢ antigen (CEA), human m | k f aPCT/GB2006/002416
gl obulin (HMFA@ and 2), 7MHC C ass | and MHC O ass |
antigens, and VEG-, and where appropriate, receptors
thereof. Sol ubl e antigens |nclude interleukins sych as

mechlotethaming, lcyglosphoph@nide) orgiragi] mystayd) agd denivagives therps?,

. IL-16 or 1L=17.. vifal [ ' .or
weinyespbgeRarnns eS8 o TRT e SURMLE, GFsmaaLory
antimethHBTHED Ghdhid InhdiBotrexuh flasroligkil, fletweidirey oyisrabinemarsaptopurine,

_ |nterferon a, interferqgn b a [ _t.er.ferlg;?l g 1tum)ur
thioguaniser Buoreadesie peif- o, lpaup@rioAsid GaRRIOTS, pysh as hleogpichis (-8

L ' i i W st ),

o S5 DI AR TaEHE 028, SR U Roan ),
actionnBRGs-(b. gadattinbayein pplvaopyin, arbcheamigin end derivatizes thereaf, e
process_of the present j.nvent.ion at |east e eff
esperarpigreRiid) deTivaiives t]if%io{l' ikt By ORRIG) v1§§%5‘3%%8°
vinblasfn& ¥3d &drRail&shausr hRaRh@kuch af BRipREiaE;giolyolsTfirh as taxicin-I or

coval ent I'tnkage wll generally be a di sul phi de bond, .
taxicindl; thorroemdshech b matirogensi(e gpdiotiosizhalone ar §siplsRioneh PERETSINS

bond. ropriately actjvate e C
e ) SRS PO Bl s 8 Qe S U o
diphosphéd, Pl ydittddi sl phyighutesit cbpatustine pacgihyde) obamivsaaegsny (e.2.
and cysteine derivatives may be used. The term . hvdrazi
tamoxifen)f anghraquinglea cUFiz oS BAOKREPIR WERS, SHHAS (ydwxypigs; hydrazines,
exa e,._antij [ drugs, toxins (such as
such ase?{?%{ﬁ%zfl%ea:a% %/Iﬂlgg |1€5'Zglkcglxal%g§@% a%g%t erial or plant =
W@helited meailsfinagdecicdattshel dobr ipgsitivé mictalsdradinfe aepeedination

t hereof) biologicall]y. acti rotejns, .for | e.
b oy e Lo bt D) P RS 1B Gum (1o
i ' | IsRiuth (Bi),
nenuRGL LG Ay AR BbcaRhTE Byl 2
indiunf @a)y geltivm (Gagryeoiiim E3gtedriuml (Thsgadplinivmd Gidirang scandium (Sc).
radi oi odi.de, radi oi sot.opes.,, chel.at.ed . 99m
In gendranibp Aoy iehaIy P St RGRog, bR B YR fes dnclude 7T,
186R, BORP ORGSR, SeQIONRIS mhit Ehn g8 P Be Eat S hy" G G4, 8y,

16ESRsspectr%scopy. It wll be appreciated that an
0y, 1%k, Se6GdrandviSecul e may conprise a single effector

| ecu r t 0 r h ' :
Bl e o e P P L A5 80 A B i
any sultb18 @olyageridite CRa iy agehs f@rxample dcyviéndr aynlic Pellytmmes.ar
antineopl asti c agents, include cytotoxig and tostatic
polyetheyar(es. eromneihaipind darivpiixes thereal)eprlxamides ROUyHPE:28gen
. g. chl oranbucil
cmbm%%ﬁéﬁéféﬁ%%%chlorethanine, cycl osphopham de, or uracil

Nusgeabrhl, )thatyge déclhelaingegent widl depend on the metal in use. One
tri et hyl enepho

) hor.am de , . . . . .
particylERFRGHBA O LRGBS RO Y5085 PRFPEHRE b the invention,
howevek 3¢ &yelle and cyclic polyamines, especially polyaminocarboxylic acids, for

example diethylenetriaminepentaacetic acid and derivatives thereof, and macrocyclic
amines, e.g. cyclic tri-aza and tetra-aza derivatives (for example as described in 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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anti metabolites, such as nethotrexate, fluorouracil
fioxuridine, cytarabine, nercaptopurine, thioguanine,
wo basaroasseet i ¢ acid, or fluorocitric acid, antibPCDGBE®E/002416
such as bl eonycins (e.g.8 bleomycin sul phate),
doxor ubi ci n, daunorubi cin, mtonycins (e.qg. nitonycin
O, actionnycins (e.g. dactlnonyC|n i cany
1mmunc§bbldhsa$ibnmm, goxdnsoRuieh ehrine SICIHAr RSGTC IB‘Pnaé%%tPé% €in
derivati.ves.thereof; mtofi it
diphthela s O R SerahgpRpk e ReBl Gifersatih-erteron,

nerve g&&@ﬁﬁ%tor pldtaboiSved Eﬁ)'%tﬁﬂz‘ac%r' dr Bisé 1l plasminedencicavaos b
as taxicin-1 or taxicin-11; hornones, such as

thrombaticl agagé s ar( antgyangiegamirsaeshlo |egn @g;?stqtggqroqngeqt% P 2 biological

respon%éagcgﬁ%ﬁq%a égﬁi}(mo%%&g%é n?‘%rl gé inter euk1n-2 (IL-2),

interleukint8(IT. b} terdridsdyteahadtojings phlahy? ,stlmolaymg tfa'cm:h (G[M -CSF),
phosphat e or estranustln hosphatg% r a%Nbﬁftro aens
granulqceftegcolqwmlétmg fagii @5&3’5 RSP Erow: Foted or otfier growth
factor éﬂdl %r eas, such as hydroxyurea; hydrazi nes,
ﬁrocar azi ne; i m dazol es, such as

ctamar éf&ztdrenolémﬂésanmnnmda Hetectnlole sdlestarives veedd for exgmple in
a.coordi nation

P RUE IS ER W ETITR N R AT -

fluores %lla?eﬂaﬂé: I Eheb @ANRSEHHER) KidFninéddeimti idatei 4R, radi6 ﬂbl&b tnuchdes
, copper (Cu), gold (Au) silver (Ag? I eadmg
posmomeanumlg nidBals (for msk immogitien enyesion i 9{1{1 By le%tlve

pat: am%&; H{qaﬁ ﬁoé? néggggl?elga ‘E}'L{g]fséﬁg%w ﬁg%f a Ponu cPln% i@ lons which can

be cong\%’afeﬂ‘w hi¥ibddasdi forurel as degnodiiek. uSenanymbs ﬁﬁdude]k&&‘amdmh
60Co, 67Cu, 195Au, 199Au, 03Pb, 206

perox1Q4}¢,Biﬂ<alm1:4hﬁsp}@1p@ be@gg;}act%dpse,gg\ageq%b es@gaggds ﬁ
T t o
prosthsgibc Zraup J} Sciig %t%rpe%a ﬂJ idilt; e% Bﬁ)tlfng Eulf%m&es%&ﬁ Rfteh 1€

pes o any suitab
1nclud@ﬁin}balqi1@ﬁbﬂé dluotesbeih irhgdamgeated, flodamiangten, Beyhycp@rydmn R-

| | | yet th d
phycogyiae By ConBn BT RS Feh hasinn bl SisriBh DI Bleih g And te
Alexa%ﬁfop%dé‘s's‘s‘é Gl '4‘.’!6“18‘86%0 54, GB3es4, 555 568t IRE 600, 633, 647,

ating agent depénd on the metal in use. One
660, 6RAI 00t QISDysuumhlk l]nhmgnem@pt whterihle |1m1udf:gluagmh syiitable

blolunggg.{gpx%gggt%aa 8 ngqgcd eg;ag.ﬁ1 e(é]ggr}/n: g%cl ﬁdéllopg\’\fn\ﬁeguitaﬂg fadioactive

nuchd@é)inlfﬁl%mf‘aﬁbd%ﬂ g %&gé.ds, for exanple
di et hyl enétri’am nepent aacetic acid and derivatives

t Bprthetic, ormﬁlrhléscmy@ymg rolunes der, use ag effggier melegples mghide, for

L

polyoRtlcREl /i Hes or bEipeigddar ybriaslicd palpeedniides, agda homo- or

hetero- polysaccharide such as lactose, amylose, dextran, starch or glycogen.

Particular optional substituents which may be present on the above-mentioned
synthetic polymers include one or more hydroxy, methyl or methoxy groups. Particular
examples of synthetic polymers include optionally substituted straight or branched chain
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 a-halocaraboxylic acid or ester, e.g.
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derivatives thereof. O her effector nol ecul es include
proteins, peptides and enzynes. Enzynes of interest

WO p@b7 03898 but are not |limted to, proteol ytic PORGBR®E/002416
hydr ol ases, |yases, isorerases, transferases.
Protei ns, polypeptides and peptides of interest

i ncl ude, but are not I|mtedt0|rmunoglobullns dth
1odoacemrmamanmndp; mgsmimm@saamyi sulphqnejon digulnhids malerss and the

ik 16325 ) ALy AL St s

Tt will B dpﬁfe@fatsartﬁa thé sitRicQf ewdhia fraap oil] irpscateinstanchsfomepart of the
wth factor or tissue plasm %gen activator, a
product %rtb%b@tlng: ey betwrendhe E‘i%qm é?fg‘ﬁ Fel e ragent, e. g.

ﬁ@g 1%% b Re C Wrn&ngfﬂft W@ Hear & HaRHRE TR b @%@@ ﬁ§ @esired,

rer-s I ne, Interleukin-1 8
but will Féneralllebkiima2 aﬁdrhg@hplelcm]hewblghkllang@ﬁ()mLSO@)Da to 100 00 Da,

LT L R TR RS
20 oooﬁ&@&) S[%Wé%\@iée hAFYart{ NG be @Elesibl 6h t1gy K8tstof the

ogl obul i'ns.” Gt her effector nolecul es
intendedaige bfithie poedudefos @Kabp]@ abllﬁ}?, toleedlize e 6¢1tAIn figfucs suphss dumors or

B L e

Rev1ev$§ S‘@ 3088, TRiS Forddxgm Fl&%&%&ﬁ@pmdtmhemtﬁidsd to leave the
bi ol’um nescent materia radi oactive nuclid

circulapos ind prmeatictissuey fqu@@camﬁfe( poyses g ?F%%?&@&ﬁm’é‘ﬂ’f dgpanbe

advantﬁ%eﬁgg{Oé.gs )éz}sghag:})g %&ﬂ%a\g&%@;édlxxﬁelp r g%t\gl‘g% Effﬁ{oo?écular weight

of arouf@t52000DANF oWQ}l)Iﬂitaﬁams Whkere dry prgdioe tbmazmaamtthb oid¢atidng it may be
use as di agnostics ui tabl e nz 31 lecul
advantpgaoye Foaefe SR 8301 ol v PR ROPAE gﬁa %melg gving a molecular

Welghﬁg %ﬁ%@ﬁgﬁymatguomgbxl chol i nesterase; suitable

i c grotps I nclude streptavidin, avidin and
bPa?tmxﬂarl;spnefeaimkiepoﬂymms axtaista pvéyaékylm@qlmm gech as a

poly(eéyr;bg‘g:qgllyf % gg&ciﬁ:ﬂlﬁi sl? ﬁlc ﬁ%mo(%@ﬁv{ln%{églﬁcgﬂ or b BQ&%Q Bhereof,

d esBLAARNYEIP S ¥R ddbiar VRAASR if & raiaChdrh @bitue,000Braitaabditue,
an es% ég@mlgreen and theg(,%l exa Fluor series 350 405, 430,
40,000I38, 500, 514, 532, 546, 555, 568, 594, 610, 633, 647,

1 nd e
RS w8y B bR SO Rler TR b unp !

from NPHOMOE anll FafsgNRERr Theebégickyor maycbeagepared fromaeonmercially
sul tabl e radi oacti ve nucli des |nclude 251, 1311,
available BaptingiaatggFs usiogeoRentiony Chamicat BIPFSAUEScur ri ng

pﬁb%%nﬁfe%ed% ?f e g)'llj' sfeﬁﬁh%ntl a?fé%lét%%e lolf f—ﬂe%q%cto? @lolecules

stituted straight or branched
attach6dfY the pitsia hsk'cyp@hymsr polacalek prefdrahig PE@r ormdqrmy*g.q: togreofieAs

regarcgglggdngrrlgsm% ethy gncerg]ﬁ/coﬁ @E&?{n%i‘e 1%3e gn ene a? e e?gnrce gsenslade to
“Poly(ethyleneglycol) Chemistry, Biotechnical and Biomedical Applications”, 1992,
J.Milton Harris (ed), Plenum Press, New York; “Poly(ethyleneglycol) Chemistry and
Biological Applications”, 1997, J. Milton Harris 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.

Tn 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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het er o- pol ysacchari de such as | actose, anyl ose,

dextran, starch or glycogen. Particular optiona
waaiwsnoseent s whi ch may be present on the PCT/GB2006/002416

above-nenti oned syntheti ¢ pol yners i nclude one or nore

hydroxy, met hyl or methoxy groups. Particul ar exanples

L s
linkedR24 ¥ SRIARAYe ﬁLng %Cao§1ﬂgle Q?été’lﬁé’ btk &eh Q*h): PEG may be 11near or

erlvatlves especial Iy optionally substituted
branched| ;I(oeltﬂag‘/h ‘mraa@ieﬂd’dﬂG melrchlegsa lysine residue is preferably covalently

tinked TR ABRYEL St TOedet! B bk s Shpb i e Tyrierue o
prefer&tﬁ?ﬁ&édh%d Q%{dtl’{cﬁéy@&%( negPy@é"l}j) PSlyhﬁi' Olir &R eﬁtﬁinb}éethe molecular

reactive groups such as an a- ocar aboxylic acid
weighefi each pelyg;ner sowateiaaicle20, @QDDarﬁrmlethe tota] mcrimuéarm/%ht of the

ne .or s and the |ike.
entlre?ﬂ@{‘}eégb vE 1§ }%ﬁ"r%drﬁayp OXI%Etﬁgg%fg@(ﬁgct ly or through a

| TiMs&: ngseg BEEdtort BolebglePdryeditachdd chd;teﬁi@s appe pRiteih @ing the
that the residue of such a group in song

processispcaibed Yeresy @ﬁfﬁaﬁlfnuaﬁn%lélymr&wué%v bhEePPRtHE thgprocess.
Ly,

Preferglalglfptvfbeér"iﬁ&‘@mﬁl Cio ﬁnagg/e%gfés @'{%ﬁ&et%?ﬁegﬁe t J‘}%Bhel {hﬁg%%ﬁta@lﬁed

s1multuﬁﬂsdusﬂr as desired, but will generally be in an average

ecul ar ght ra e from500Da to 100,

m.fh? ewgsw G&W@nb SOy S%%@Séﬁﬁ anmlaorﬁ%zq@é Pgfrg and/or

after tﬁé ﬁf@cé&g L) hé@lrﬁg%cﬁlﬂg‘th%p eﬁé@oﬂrﬁol@&l@so'g@%ttaéﬂéﬁ to the
mer size may in particular be selected on the
proteltn asung am‘/ suitable metbodidar ersendé viatnshay ramilabie goino @gigdraideechains
ocal i ze cert ajn tls such a

such s Aming i Eend Rl S P R SRR St h o S
protelﬁjﬂélﬁg@ﬁmd&@ QBemidaMerIeEsmbMmatg A iprededuide il ®Weh tBdprotein is

531 Thus, for exanple where the product is

linked mth@hdné@ﬂty@r VEEAROUPHBE 889 1 Beiedactanmpolsenisr igelniques for
conjuéa{l’ﬁi?%%ﬁclll %@%ﬁo&%&uﬁes BanH5&iLd ok Q}?arﬁeﬂlg aa}mfl kﬁg i e fhaerart

Vant ageous O us a snal
(see, M&lisgoin grad.y GeiitrolfedDrax é)‘thvery;\llzhdl Ed., Robmeet erral Wedsg,hlt986f Pp.

d 5,000Da. F pl h
623-53 SRS 2l AN CRBHILL R O r8 SBL RS Gt 99
Pharrfrﬁ%SIO 'ah@ lf'ﬁ%raggfﬂln%é: \@3ag7 W@Bﬂ bl emifA g)r@(?éaﬁﬁls fhclude for

naV| ar WEI I'n the range from 25, 000
examphle tlvﬂc&p ﬂ@@:ﬁhed i?dntmioaaﬂ lglatqzm eStpecmﬁeatlopaiummrssWQ%}/ 06&\3 la

O e L e,

Wheredtﬁé bﬁ@étbl\’ﬁofebﬁé @04 profdifl o pAISHEpHde YhMidkAg@nia) bR GBhidVed using
in the range fromabout 10, 000Da to about
recomd:@la@onbA procedures, for example as described in European Patent Specification

No. 392745.

In the process of the present invention one or more cysteines are activated in step (a)
prior to the attachment of effector molecules. The term ‘activating’ as used herein refers to
the process of producing 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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The polyners of the present invention may be obtai ned
comercially (for exanple from N ppon G| and Fats;
woledoran3sTher apeuti cs) or may be prepared from PCT/GB2006/002416
commercially available starting material s using
conventional chem cal procedures. hi a preferred
aspect of the present invention at | east one_ of _the
ofa Fa@’fﬁ@nlemut isnastigatad by remQ\ang]@Idadwat brungyte th %’S'ieépea In another

o R B o LB B RPNy o

betweeﬁ%udﬁlhﬁ%é Sfiteliribs G B (D )2 reference is nrade to

Pol y( et hyl eriegl ycol ) em stry chni cal, and.
Brefemabilycesch Amwn@gtat @r?@mvatqcbmzstepf k/P% themragsss s gof glisulphide

hnkageéﬁ@?ql#%qtﬁr esgtgnﬁl ot hglg%é’fm&g’ p}%% tions' %kéﬂﬁgﬂe where the protein
is an adboiP6r ﬁlagrhbﬁt thgrdofSa Zgdtéips kotivaedsh steprfe)is pmﬁer&]hlef miot: e

e b R B S S oo L LR ..
or an 1%93%&&111 Istt@ﬁﬂe AR v%r chd#h OVigeriRH il d (5BRNBinvaWn provides a

one exanp he present invention each
proceseﬁvhaebp effectbianoleeulas ¢eand1®eﬁiﬁclentﬂ§h@4m€¢ﬂcélwiy afaghedio spesific

cystelnierggsg a@gipﬁse; ﬁnt | g]gdd:ﬁu&) ! ?ﬁn%g Ctﬁe Br%&n?%ne‘t?éjlle?amed

TR o8 bhibBHinSHnP BPfe pfesbit@nvemtioR ddherd the 9?6%&1 is &hantibody Fab’
onepreferred enbodi nment th(@groteln is an anti bod

fragmefntiie p&mth@neﬁthe@n@eas ipeGandhasydiab’ fragmeniieavhighangptiector

molecc}l%g qu%lgegi ) ¢ c%s?el G fgl%%?e]hlgxég %ﬁ(]i H}%tlg%h&%ﬁaﬁnéc de g@c@zeen
the hed@laaamﬂgﬁs@ham (Orsli ah@ @ 56 @iandds pref erabl y coval ent | y
| Tnked to the mal ei m de group. To

h o$ the amn
dn@up@ebﬁnb%mey%ﬁ\wwr%? dipicipg HEE/Z)F@]H&B by apg Sy effector
molecvggg Hsi?m% g{réfc(e% Qtytlhﬁ Pfeg% v t1919| YHBProtdifs WHGh Sie MRl tRe same

pol ymer is approximately
or diffé@néa bz 1ahkdd t/ihe)riemir alorereffextord raolenlbg thers apiphapriafe Ysing

nol ecul e is, t ref re.a 40,.00
sutabfp ke 40P GG VBN SRR Y Beh BT YA o bridge
contan%)’lg éal%hogé?t;l\)glrﬁl%% r?gfl‘et@ttaoﬁ féiglééﬁlen dn'ohe s@h%i@ﬁr?le&%qf abb@dgments

usly or sequentiall
are 11nke1b1mﬂ1g ﬁ@ pr<b®sspoﬁ:he s@se@m@\fe@tlalb toja PEGtm@lemle 553 p@propnate

he
11nkersa§0é)rg chéﬁgal cu i P%athbeo :I:?C uch%?(élg 1epﬁx8c%lgﬂtbhfr5£‘ﬁ¥nts are

Cross- I?ﬁl?eﬁ%ﬁ?h h PE@%dt&T‘dlﬁiafeﬁ&nﬁi?éﬂﬁﬂ@S td prodties ®DFVHPEGsiselpscribed in
before and/or after the process described herein in
WOOMH4AN. f urt her effector nol ecules are attached to the

otei n usin n 3 Ve ; #

{:P{%tFm?ﬁ/%re S %Fté eE’JIPFn% nc‘)]t““%%:a i 12 @gg%gﬁ%% Cégsécgm 3) rar%ﬁtnlgven on

by d1aﬁ[’c€r1h%ﬁﬂ&@)r@téﬁmgamsﬁ menothiod hedetfngcigent aralnedtittbe] redycipg agent
attached to_the

which is incapable of forming intramolecular disulphide bonds. Diafiltration is a well-
known technique in the art and is commonly used for changing the buffer in protein samples.
Diafiltration cells are commercially available, for example, the Amicon stirred cell and the
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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protein using standard chem cal or reconbi nant DNA

procedures in which the protein is linked either
wa@l2e0go0dsys or via a coupling agent to the effecPOr/GB2006/002416

nol ecul e. Techni ques forz2 conjugating such effector

nol ecul es to anti bodies for exanple, are well known in

the art (see, Hellstromet al., Controlled EXU? .

Siep (a)@f Yhe pRockskik genBaby psprmend injan aqeepyss buffgpsplutiy examples

623-53. Thorpe.et al ., 19 . - :
of which ol RHOMBBLUEHER “benaprats Yo PN "Bl profds hay bo in the
same bubRE L aPE Ut ati @Roufff ot BRY mdYesct diffedent. Rrbfemitdypthe pH of the

pr

ocedures include for exanple those descrihed
buffer is intthe reage ofib¢twoen 3Atanddo, mosapiekiably wgn@@ and 7.0. In one

3/ 06231 2/.225 , -
R s
contain ﬁ_fchglﬁﬁl@g agBat %QM B rgm&dmmecm@r T Ae Fréfdebtshibe buffer

I nKage mnmay e achnl eve usi r 0 I nant , DNA "
containp EBdédat rbggye.:ep.dr a@m, gregga@g ggﬁﬁbtgﬁerpﬁu% 8%1é1aaﬁ1d1tlon the
buffer rg?"f‘yé lgegatn (f‘h%ﬁ)aﬁﬁllgfﬂu(ﬂ%} LR NRitrid3 924 4Gkalit AcdN B 1R 0 RE SRR triche, tris

I nvention one or nore cysteines are activated
or ADA.n step (a) prior to the attachnment of effector

Fedwijes ot dab B wagt it rarerf e iate by reheld
agents %{d:%ﬁfg%t;ﬁ&l ?ed’ﬁdairfg‘ag@ﬁ‘ts fHi@C4re incapAes bf Rringngeibtrambledulan

n one exanple, 'activating' refers to the
disulphidtowmds. of an adduct bound to the cysteine, such as

| ut at.hj one.. I n anot her e P j: i.ng' .

Aot Beries Brt 1of tor B ERieqat BERRIKEN Ao BR6HA in the
art exafmp il 6F W8Rhiifcldid, bat a@tnoplmitpe pi, Barerchgbetbylaiine, f-

exanpl e, reduction of the_disul phi de bond. between o
mercapdoctipmok clistaige aag gi@th@ge.o?reger;i(lg lt_;,he) mgnqtgloéﬁ UCIE étg?rﬁ 301‘ use
. hi nge. cyst ei. i tuent Fab' fragnents,
nlﬂwIgﬁ?g€W%é%Fﬁ%%Eggaéﬁﬁggh@3§®%%neof a Fab' frggnent is

agthbvaiteile RatucRiEmgen imiudeddultitthivd mevticing aghets giichedrpe.

I n anot her enbodi nent , a hipge st.ei he of a. Fah' .
cspsbi sy soaoop b oy et 4 B e i senes
which g teiﬁga?g%lh\?@ g%g%ﬂ% RtRgR 1Yt 8istBhidebonds (8Ris¢d Berein refers to

ysteine that is activated in step, (a)

reduci®f ageh® doniEsg s onmprd thiodigewppwhird are ieappblewt ferming

) anot her, cysteine within the.sanme pol ' .

ineamaieghipt st ISEE BORHPDYBREh NE HRn (s Spiducine
t ‘hefowwysteine activated in step (a) is

agﬁﬂSS?i?E@é%ly not the interchain cysteine of the heavy
chain, CH or the interchain cysteine of the |ight
chain, CL, or an intrachain cysteine of the heavy or
i ght chain. Hence the present invention provides a
process whereby effector nolecules can be efficiently
and selectively attached to specific cysteine residues

and ot her desirabl e disul phide |inkages within the
protein can be retained.




In one enbodi nent of the present invention where the
protein is an anti body Fab' fragnment the product of

WO b@7p03eess i s an anti body Fab' fragnment in wiTBa0W6/002416
effector nolecule is attached to a single cysteine in
the hinge and the interchain disul phide between the
heavy and Ilght chain (CH and CL) is retained. In

pBHe pr ot ei Bl 1inked
Dl ecul es usi e process of
proteins w ay be the
I Tgked L one™>or rréHe

ef fect or nDIecuIes where appropriate using suitable
i nkers. In one exanple, di val ent anti bodi es may be
i nked by an_interchain bridge containing a covalently

lin /éﬁ(98$5r nnlg&gk@>\$frxwwy%Mch exanpl e two Fab
fra nts are |linke sing the process of the present

invention to a PEG nol ecul e by appropriate linkers to
produce a nmulti-valent antibody. In one such exanpl e,
tmo Fab' fragments are cross-lipked with a PEGyl ated
PEG as descri bed
i velyactivated in
I nvention by
diafiltering the protein agai nst a nonothiol reducing
agent or a multi-thiol reducing agent which is

i ncapabl e of forming intranol ecul ar disul phide bonds.
qagfiltration is a wellkno -chnlque in the art and
[ onmp used for c \e @ﬁjfer in protein
sanp f 71tH at i on’ Cel | g commrercially
avallabl —/for exanple, the Amcon stirred cell and
the Pall Centramate system A protein sanple,
typically in a buffer, is diafigpered through a

menbr an ich retains the prpgtein and all ows buffer
er time the origipal buffer containing the
wobuffer. In the present
inventio m ' di afil tje agai nst a nonot hi ol

[ reduci ng agent which is
i ncapabl e of form ng intfanolecul a disul phide bonds’
refers to the diafiltration of a pf9tein against a
sol vent, suitably a buffer, containing a suitable

r@ﬂéiﬁﬂa’ﬂﬁ &R Mg a26RR foPuseqh tﬁd’}ﬁe%ﬁﬁﬁl@%ﬁdn&ar@ andti-dliblyreducing
performed in an aqueous buffer sol ution exanples o

agentswhiiicln anempabd@oﬁ)ﬁqmmenﬁ@nOIepﬁﬂ dpulphyd ﬁh%%qﬁhg%réxaﬂp e,

aitiofteiohFighdn Fop g o Fafh: SRR 0al BERRETR, BV HEE

group freferably the pH of the buffer is in the range of
bet ween 0 and 10.0Q,_ npre, preferahl ween 4.0 an

il iog e o et BB LA HEDISIFR ST g e be
identiR&S W&&er@nu%n@% durfber bRfrel Wiib & HrifR¥e@Pidr MRhrovein is treated with

the reducing agent in step (2) or by determining the number of effector molecules attached in

step (b) for example by size exclusion chromatography. Methods for determining the
number of free thiols are well known in the art, see for example Lyons ef 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 SmM, 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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contain a chel ating agent such as EDTA, EGTA, CDTA or
DTPA. Preferably the buffer contains EDTA at between 1
w@nw7o0d8ps pref erably 2nM Alternatively or i n BOOGBR@G/002416
the buffer may be a chelating buffer such as citric
acid, oxalic acid, folic acid, bicine, tricine, tris
or ADA. Reducing agents suitable for use in the
2.5, 3, Bredehd, orirelt | Brefankdy tionmnbérdtation @Lﬁ oﬁdrugingggmtés lomdin order to

. mul.ti-thiol red ents |ch
schievd Kothoths Refadoott S aie i fsmeom Or
concerftR€bE bRfEdaei@B agerft @bed s ckébeti BenM @86 erhBYRREhORe a5 €
wi dely known in the art exanpl es of which include, but

concengliaion gt radueing agent goesnateressd tiodtlhyn amns erabodiment the
Pr ef bl
concer {181‘}‘8{" t%%&ﬁg%%ené%}éést r?ot ggcee%?%gg\;[yﬁff‘&ql ? démrsﬁt Eéﬁt y

nono use
concentnataem vf mduting hgem Idcéqi)ﬁdh ekdve amMve In Ghdhenbsdiinkairhe
red UC|g? agents include multi-thiol reducing agents

concenfafion, obFeduping age dacsstot pxgee rlrﬁant ranol ecul ar
Ghnk Bﬂib@gmﬁéﬁg QPtheﬁg%eﬁtq %ntl ﬁﬁorttg e stz{r?&'fjcﬁ%aﬁllgra ion in step

agents whi re 1 ncapab foormi ng i ntrano ecu
(a) thextiis ab pédudin gegruisireseat msth@ipﬂmdaama samplefaed thetppoteriy tbromght into

contac R RGP P o P B orth g aeeing

agent iD6hMERELHHRAtddNhRI thd ﬂlﬁﬂﬁﬁmog’ﬁﬁff@ﬂ &Rl tﬁére%éjﬁcprerdﬁgiﬂg 'agéht Iprese:n’c

agents are shown bel ow Unsuitabl e reducing agents
in the pretein spnaHe pppewaitap (@hefthe prsessre nul ti-tlii ol redu0| ng

I D Bt AR Soehb i aNethol e BB el

dlaﬁltraﬁdih ansfteEp @n meerrasm kmuﬂwn@agdnk ihidded Romd pRedineameliately
two thial groups [t will be clear to a person skilled

prior tq gompencipg diagidfration; + s redycieg egentaddsd fe themagteivecan be the same
as the fe‘Ei&gh% E%é?ﬁ ]grpﬁﬁe%%tﬁ{rgﬁ | G Q?lt{ﬁw dﬁ{ereiage]?l SflbOa%e each

ter the pr ernis
reducta'm dsrgl I8 qyrdgtahty d mosdthipl fedjiciap apsht det enuliiMhibDretitiéing agent
. . hunber ffector nol ecul es tached in step for
which ?%3?&??‘%106&? e dreplscsier diw phit ccqcémafydgl
embodﬁﬁ&rﬁrtl‘i@ RidREng Q&eﬂ’c‘ iAo ﬂ{e I;I'Bf:éﬁl LAt ?s ff@reﬂ@ﬂolthé(féﬁﬂﬂn agent
in the art, see for exanple Lyons ‘et 1990, Protel %
in the @n@hmaéem bnﬁer Prefeadly Bairedubing azgemaeided fitthe pmtmh is the same as

e e SO AR AL L PTGl
reduci@gfitht WhicksSthoapable SABERNE iRtdrle@flarRBSMSBe bonds. Preferably
the reducing agent in the protein sample and in the diafiltration buffer is -
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.

It 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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0.3 and 5mMM nore preferably between 0.3 and 4mM even
nore preferably between 0.3 and 3nM still nore
w@e@oombs y bet ween 0.3 and 2nM Preferred PCT/GB2006/002416
concentrations are 1, 1;5, 2,2.5, 3, 3.5, 4, 4.5, or
5mM Preferably the concentration of reducing agent is
low in order to achieve selective activation of target
Sisdbed diefiltration dine rawbody thenefotewrdeteyminadrpanpirically by a'person
concentration_of reducj ent . do 0 d 1d;
skilled i the Al 8 ‘?ﬂ'@%‘lfat‘?sﬁé“’f&‘a%h% EPd | %ﬁgiﬂla&g uce?}r}llg I?’;1gentﬂ -
rates maP RS0 DOhscAX i 8lartPiY betweee2 tbmdidiaohunidsf. In one embodiment
co

ncentration of reducing agent does not exceed 3nM
the fluxhiatedm 6.5atitnadimest. t he concentration of reduci ng agent

t d 2 ' . '
B ARG RE S birict Al SiETR B A 18 cxampls betyeen
about 5P0 288 8bANTOLT MR tx@ihple BEropies@peratuneient i on, prior to
the start of diafiltration in ste @S‘%& there is .no . to
Seadufe) oifhageshodds egrdietad ot Emg rsaff LAY e pyiieioe
which %{]egﬁe(%lmg ;ﬁcggg{l? #?[g e lathéhe§ MLieF Eb%WShﬁaﬂlQ Quiafeheinagbe

ration. nce rn one enbodi nent the
determir@d efiptiibailg ®ytont skibled yn theedr Fypmaly therdiafiliradon takes place over

diafiltration_buffer and t [ j
sprofoganent hosq2b LR b b apR P b IHEPtaaE e
period ggg@ﬁ%& 1 tﬁlﬁﬁ PORLIE! typiehRdl e Bl 7/ E9UR110G0a8E Th ohs edbSdiment

to e protein prior to diafiltration in step
the diafiftatioRtakeeplabé gverteperiod wé brddiositrent is added to the

toin | Yl ot . ea tothe
S Tt U ol e S TR L b o e
determdtdRnfbiriddle vyRsheGkkdan efetard, defdndingioafthé typatof protbinf Fer

or it may be’different. In either case each reduct.anltd
examples siiefeshppesiein apanyaniibady Belni fagmeatisiiahly cogesiragpnsinclude

[tirthiol, re j i 1S i f
vetwedfuh ¢ AT RRGHEREBARG2 Hli Py R plcfGaRR a0 |
| OptsiRllgeuewiR diafilnatioe agaiishg ratyeing agdnt_ethetl@veﬂ het e reductant
protein sanple is different to th re&lﬁgql} aentslusr}ln an
may b Fedueidthe FABFGR! IOV EA DOtISERT SPRE) §1 Sfiys using any

suitabBHER oﬁ%%ﬂl f9nd ?ﬁ A HBinbddmbiiehs diReRfatioR® FaRURhIG
agent 1n the diafiltration buffer i.e. a nonothi ol .
reducedeutiafilgatigest the preeimagtinsttaHiugfer médthodasg neigeomtaipancieducing
is incapable of forpi intra cular_di sul phi
s, Srenoab B oS B BB A R 2By
another AL G tHeNet 18 £ tdatiaht ik 2dduesd by ifaéiltratidnagainst a buffer
nmer capt oet hyl am ne. Preferably the startin

containmgedowemtdnoenitition ef mesiunigsagetit I Anqther qgphodimentsthpiavel of
ri.or todiafiltration i t 156t bbBSitration.

reduc e s Rt roshChe BTl T b Al faglpio) bfFfation
digpdtéy) (o) A iRprbetsh 6he oMb gifeeioe nidcyldseteveected with therdeated
1.25, even nore greferabl_y betvvee&fg. 9 apd 1. 11 I{} ogﬁe

proteio prrsubebmSIpHE) ebMe amthat NORIE o FEARlaR FeagE o seHl e

-l ot ei n

activated cysteine(s).

Step (b) of the process may generally be performed in a solvent, for example an
aqueous buffer solution such as phosphate, citrate or acetate. Typically this is the buffer
into which the protein sample has been diafiltered or transferred by gel filtration. 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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sanple at the start of diafiltration is approximtely
the sane as the concentration of reducing agent in the
wal@iobspat i on buffer, preferably it is the saP€r/GBR006/002416
w || be appreciated thatethe activation of cysteines
in aproteinin step (a) of the process of the present
i nvention can be optimsed by a person skilled in the
bea cheiatingi;nfﬁea sydbreg cittie amédmh@rwdu £, acidy Bicgnen HEHRS 515 ‘HnADA

e Bt BT Pl 5 SRR A0 By 8961 fop v

uration
to the c@ﬁcehﬁ*@tldﬂ Gifthé proddin 08, a&lkdist he. fl"lyph)calﬂﬁﬂle effiattoatiotecule will be
diafiltration flux rates may therefore &% deter ned v th
employedrpyi ¢xcess| qoycquyrago%gql@tgﬁ, tQ Qlixq gomgentratipp of theiprotein. ¢ B;Inga y the
o e ' ih.s,2,3,5,10
oot PR LA, B Ayl SR
or 50 fdd i-’noazﬁrcéxE)eSQ Huﬁh@leuampkh of suitableccffentop diokeouie queerttrauwns
rate is 0.5 diay ation

D af
includasoh gt Sy Tl PRt wep ity S T 2 dEmpreproteins
are atta@ﬁe&”t% e @pfﬂ&e gf@&t&ﬁﬂol@@ﬁég thé @fectbOhoR¥ AR 18t b dDBRCess,

nper at ur e. p (a) of the nethod is conducted for a
for exampmeths udtfol afeéﬁector mommﬁatpeotelalahasdsﬁsb%Wﬁ@l 9. aphil cprefesably

0.5. Tl%l}; e%%]%ré) iﬂ%sllnﬁ%é 8%%1&121%1&? gtpl 591&51%#7 g?ex(sp% sklged in the
art andqyﬁlpﬁzl’éll b@tq'ebﬁ‘ 1tahi@ 28 hours TR bﬁélérh‘yodlimenﬁhafealctwmtakemplace over

t akes place over a period of between 1 and 20 hours.
a periofl of bhd 6dwoiwsdi ment the diafiltration takes place over a

850l NS U B i St

moleclésAhby bé s¥pbred fade@ anp lsactmg(mmenais peothedproflu@s gertemtcé during
sui tabl e concentrati on of9g ein for use.,in th

the Pfoﬁﬁﬁcbyﬁnﬁntlpﬁ@ REAPREHOT BFFIARL oo et RETIRgHes Such as ion
exchar?g%p él%é &8 ds%()n ?Hx%ﬁﬁglhl: hlﬁgrabﬁ‘oﬂ &ﬁoﬁﬁt"o graﬁﬁﬁ endiddd ifdne

For exanp e, wher e m&l‘ oteinis
embodarieiitnhé beodgss same p‘resagmancntsnm futhéreonprisesaienc) ghwhich the

proteimiin dlppred pereaB oo e BpEIeBRE R Tom ng

diafiltration against a reducing agent, the |evel of
the reductant may be reduced or the reductant renoved
EXAMELE/Sen step (a) and (b) of the process using any

The pr?:%‘iéltt B’)gﬁl&té% \iysg]?l?ovxﬁg cng {Jkgw% |B£ e)% 1 u S exaﬁ/nﬁqghﬂgﬁ Mference is

made @ afiltration of the protein against a buffer whi ch
does not contain any reducing agent, for exanple, by
Figuré P”Eg&% loP Qedh&%xﬁﬂlﬁé bh@%ylﬁmncgfﬁabm dfa)Fadgai nst this
I n anot her enbodi nent the | evel of
Flgureraadmmmpanm QféUQJ@fé@t bfredueing lconditiorspralfeirationctfigiepey-

Flgureaﬁ' o ?Flg?nlpgﬁﬁ) fg@e ?f,fec?n Ql'ilct%fff tgﬁe 8t PEG§}5@1|OH gffﬂgé{&ry I'n

1eve
Figure 4: Effect of reductant concentration on PEGylation efficiency.

Figure 5: Effect of pH on PEGylation efficiency.

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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reductant is reduced or the reductant is renoved from
the protein sanple by gel filtration. In step (b) of
w0 b@7/00338ess one or nore effector nol ecul es arBCT/6B206/02416
wth the treated proteinyproduced in step (a) of the
method in order to attach an effector nolecule to the
activated cysteine(s). Step (b) of the process may
Exampjeberal | y be perforned in a solvent, for exanple an

ous buffer. s lLutio as 0
20ml oggé? gtam]l-?,%p Sg ex}m?g,? tElO? ﬁ{%g/gﬁ i é?ﬂfﬁlﬁdspf\%ﬁ% C%ﬁl@[hﬁf)TA
pH6 wé%f lfe&@dea bR R fgSinhests 0didicoh sefredicdl with ansber MswClay
I[tration. The reaction may generally he

membrpm aganrtﬁeamézt{ 2am;rcm>ettb§ﬂa@mee% ahwbateaf?é?Meﬁéaﬁﬁlpé“

t,ween n {
tmmecfREGI G (i B ST fafalbn ZhbercotbortARIReS AladioRtd e
Fab’ sdlitdriol anfﬁhaﬁi@@lﬁﬁenﬁamim FQnBATA, EGTA, CDTA or DTPA.

_ Preferably the buffer contains EDTA a (tl bet ween 1 gr}%
Duringgfipfilirgtien imé@ﬂ@%ﬁthwq%ﬁﬁswwwlw PYF%dd PP 8R4 thife
reductit S LoriBUeE i BREHBhOTEY lfhgel oS fltadion 61 4 PDIOSERSE,
equilibfhied efith@ciM rphns;iheteuRmM\EUTAngi‘Ié r Ahe yedbeedelfﬁbl oipe #EGylated in

| east e ncentra | ati
the sarB ot i b IR GBS DL G e Riek i ot ambient
temperittith G 16%houPe IHERSIAN of e BAY |(?er%ﬂt£geﬂ@@ﬁ@de@)/ﬁds mBasured by
excess concentration relative to the concentration of
size exchwioprldfleCn. Typically the effector nolecule is in
between 1.1 and 100 fold nol ar excess, preferably 1.1,
1.5, 2, 3, 5, 10 or 50 fold nolar excess. Further
FigureSXMoRs ¥he ﬂfogﬁddhbl@b{f& tehd etthe feabtibiedntequiliteimnt 6£t800hs
include a 1.2, 1.25, 1.3 and 1.4 fold nolar excess.
monoPH Gt <Dﬁ/tb13 Jalitdicr S pows okgadilisatiNtei ns are attached to
one or nore effector nolecules the effector nolecule
may not be in excess, for exanple the ratio of
Examplef2ctor nolecule to protein nay be between 0.1 and 1,
preferably 0.5 . The duration of the reaction may be
determined enpirically by a person skilled in the art
8ml sediifled ch Ita%pb&ﬁ&hiﬁ bﬁﬁﬂﬁ@ﬁmﬁe ans a%q oB@uhBin 0. IMQh8sphate, 2mM
enbodi nent t actlon t akes pl ace over a period of
EDTAlgHA ezemmdsced\uyemmltremmaw 0 Arhisor eiredeerlis matha 10000 MWCO

containin es re ector I
membiggs BERR AN ST BT Y ackp P Reas bt
reducdd’ @Qﬂd&h&l&ﬁnwmldi%iw@u 1h€0 VIR §shatty 2600 EBITIA pHA lfor 16
nmeans, for exanple by chromatography techni ques su

ch
hours atarhjantdewhestyee. EherisdestantsSieshihen remetied gysaninucd diafiltration

o R 3E00 TGRSR DR 0B, SRR

The rélu6l k&Y s wereWHEG{latetl én et buffet with he fdkbmolad exnesbef

of effector _nol ecul es attached ifs [furi fied.
40kPEG-maleimide (Nektar) at ambient temperature for 16 hours.

In parallel 0.5ml samples of Fab’ containing 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 5SmM 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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EXAMPLES The present invention will now be descri bed

by way of exanple only, in which reference is nade to:
wao-b@anessss Effect of reduction tine on PEGyl at POIGB2006/002416

efficiency of a Fab' . Egure 2: A conparison of the

effect of reducing conditions on PEGyl ation

efficiency. Figure 3: A conparison of the effect of
PEGylatiedufthaifabt wpemeasuRidyy sizd exelusion Pl apd pdyging and non-

reducmg]sg%cllg%ﬁ%y S?%J g@?gé %na%% etg}ro%gt:;é)cg% EE%f’thﬂlrhlsulphlde was

retaine@hthEFENPEG MBndpiatdipb ' -PEG in all figures
represents a Fab' wth one 40,000 PEG attached to the
single hinge cysteine. The term ' Milti-PEG in all

r d
roe LR G LD AR o TR i
monoPEGSr%ﬁlg@ of ih@tHab ec@ﬁparbd)’d)ymﬁﬂiahorﬁ waiphensul@iaairge propedien of
ab' cont ai nin

f
the FabOremaining gpRBE¥lated: &%bﬁgghg erp%rgﬂgg%}ﬁt 19r%qncreasea the
percent%%%{)flc}} akv%k Qs ng{bn@Pf!@ {l1ARERB5 34 BS%E @nﬁﬁbﬂly diaflltrafﬂlon using

rane agai nst 2mM 2- mer capt oet hyl ami n
glutathidnd Mt phespipadathandinvicEBIA @&Bercmﬁmﬁfﬁa@?@aﬁwa@ fnop@PEﬁglated

rt I
rom 2530 o300 LD AP AR PEE

reducta%PNa dkioPepbRI dflthingih i 8R idtFinodduti dissiphidd Buad e.g.
retentate were renoved every 30 mn and the reduct ant

dithiothweisolriepushesithe rethbhemaqastqu@moP@ﬁmtrqnﬁ@élﬁ egj@ple extensive
ation PDI.O ¢ equi |l i brated th 0.1M
multh%ﬁ%%bﬂ%Pléto ‘gw%%ﬂﬁn ﬁﬁélﬁggf:e ?educed Fab' vaas

PEGyl ated in the sane buffer with 3 fold nolar excess

of 40kPEG nmal ei m de (Nektar) at amnbient tenperature
Exampled: 16 hours. PEGyl ation of the Fab' (percentage

PEGy| at ed) was neasured by size exclusion HPLC. Figure
1 shows the progression over time of the reaction to
Sml sailes @8 Fhib dontaihiaf a-s83% MngoBiEdat Hmpmidh Otm phagphate, 2mM

ter 5 hou f
EDTA(p&-Iﬁpggve rgcgmreg bgﬂ 11’%5@4{5' b&(ﬁ ;&Hacéont 3t e% cg 1s Yg% 5@;666 §PWCO
B PiRA 8- 16elyRariiie ope hiM Qe&lafé 1or ImM
memb%né%%g%a% |Hr11%g%410 Ay?‘nalgon OSt irred CEﬁgtowano %
reduced QRASMMESr 1mM L-cysteine all in 0.1M phosphate, 2mM EDTA pH6 for 16

=

hours at ambient temperature. The reductants were then removed by continued diafiltration
of the Fab’s against 0.1M phosphate, 2mM EDTA pH6 for 4 hours at ambient temperature.
The reduced Fab’s were PEGylated with a 5 fold molar excess of 40kPEG-maleimide
(Nektar) at ambient temperature for 16 hours.

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:

6m] samples of Fab’ containing a single hinge thiol at 10mg/ml 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 SmM 2-mercaptoethylamine in 0.1M
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menbr anes agai nst | nM 2-ner capt oet hyl am ne or | nM
2- nmer capt oet hanol or | nMreduced gl utathione or | nM
wa@ldoioadsbs ei tol all in 0.1M phosphate, 2nM EDTRCPEB2G06/002416
16 hours at anbient tenperature. The reductants were
then renoved by continued diafiltration of the Fab's
agai nst 0. 1M phosphate, 2nM EDTA pH6 for 4 hours at
phosplﬂlbib e EwhéppHétfw 16 haue aty aschiewtderpasaiyrancF e Pdasjanitveg then

t 5. fal
remove %%tﬁg%gﬁlﬂf glél%{)ﬁé) E ar})%b Jg% rP%t ﬁﬁho%@ﬁ%fzﬂ ]?DTA pHO6
for 4 hrs0WaBient Brparaalrb.eThOrditedsPas woreHEGHbied ot 3 fildgnolar

a single hinge thiol at 1Qm/m in O. shate 2mv
excessaarﬁ# maé@@ld@@iﬁl%r) B AR PG ATY %lﬁqg §

o R S S e g

redumﬂgSDlSa?!‘AGE arrbl ent tenperature. The reductants were
renoved by stringent gel filtration on a PD O col um
equilibrated with 0. 1M phosphate, 2nmM EDTA rH6. The

Figure 368 hdr e %ﬁ&‘l‘%ﬁ@y SIERY kafueGosiddpéndent &l e BBAMtration of the
excess of 40k PEG'nal ei m de (Nektar) at anbi ent

reductanfreMawes Buhdto hGoptonalforbe/Fabl noder diese kenditiens. dhwill be

appreqi%%cf @raed béiog %ﬁi@t&%b@g Bg&tcl:rgﬂsg %gr%l'f ntge {H‘ﬂl ant used, the

conceﬁthﬁfontotﬂ thel rBOREANALS c&ic%ﬁir@tibrﬂﬁ tl@@profeﬁﬁ aheﬂpH olf tthd ﬂ&@ctlon the
PEG (nonopegy! at ed) . 2 shows, th

tempemtlam the m@pm@tmfﬂl@j@émt@w H@wﬁ ov&@th@@mtpmmniddhe flpeateyef the

e . Jonok I f the Fab' conpared to incubation
redu(;tg%&pcaﬁﬂ?% tﬁ%}blg)? ngr ge proportion of the Fab'

remai ni ng unPEGyI ated. Diafiltration using
2- ner capt oet hyl am ne increased the percentage of Fab'
Examples was nonoPEGyl ated from55 to 85% Sinmilarly
L bl 19 MRt Q8GN EDTR] 508 bh@RRke reduced
R g e
by diafittraiekGy Bal(e,elnﬁascmmti’ﬁ% tadls 586 at@POON WM Q2 %embrmagamst IlmM

T TR PR N
temp ekaﬁﬁlrea RL S&dkaht Q’béSfélnRWeQ eyRenGdeR: P%l fitliatioh @h PRIt @lurhis

pushes the equilibrium paSt nono |l ation to
equilioatbdsyifie® I ¥ airatendhEERTA PEBEG) bar 7o i homebicehEab’s were

TS L e L e N e T
tempePAt@&IBAS Bourd™ EDTA pH6 were reduced by diafiltration
in 8010 Amicon stirred cells with a 10000 MACO

PEGyiasion o thed ahg wien sreasisd by pige exgleset RYL&mi ne or 1 mv
2- mer capt oet hanol or | nmM

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 ImM 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
ImM. 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.



reduced glutathione or InML-cysteine all in 0.1M
phosphate, 2nM EDTA pH6 for 16 hours at anbi ent
W0 eoopeombair e. The reductants were then renovedP®@lGB2006/002416
continued diafiltration mf the Fab's against 0.1M
phosphate, 2nM EDTA pH6 for 4 hours at anbient
tenperature. The reduced Fab's were PEGyl ated with a 5
The reflesied Febiveas insubated vith 2 bRPECIH XSS 60&@%1%19%@6 (Nektar) at
. ]| r f urs. PEGyl ation of the
Mble@g%&s%%ﬁﬁe{ﬂggﬁﬂ%ﬁgg agéli %éﬁgglgl usi on HPLC and reduci ng
PEGylafich aDthe Edbriow som SistrdrAGsi zedxglnsenIRIHOWS 5SPMBEGhatibn was
. b-nmercaptoethyl arni ne and cysteine are particularly
achievgd-f j cj ent at reducing the Fab' to give high |evels of
nonoPEGyl ati on. Exanple 4: 6m sanples of Fab'

. o h , ¢ hi-al: . _ _

The aigfBbbRReS FistRhii S e e P B rptihe e pien

efficiehéy SOHEGHatieam stirred cells with a 10000 MACO
menbr anes agai nst 0.3mMor ImMor 3nmM or 5niV
2-nmer capt oet hyl am ne in 0. 1Mphosphate, 2nM EDTA pH6
for 16 hours at anbient tenperature. The reductant was
then renoved by continued diafiltration of the Fab's
agai nst 0. 1M phosphate, 2nM EDTA pH6 for 4 hours at
anbi ent tenperature. The reduced Fab's were PEGyl at ed
with a 3 fold nolar excess of 40kPEG nal ei m de
(Nektar) at anbient tenperature for 16 hours.
PEGyl ation of the Fab' was neasured by size exclusion
HPLC and reduci ng and nonreduci ng SDS- PAGE. Figure 4
shows that the efficiency of the reduction is
dependent on the concentration of the reductant. | mnmV
was found to be optimal for this Fab' under these
conditions. It wll be appreciated that reduction of
any protein can be optimsed by varying the reductant
used, the concentration of the reductant, the
concentration of the protein, the pH of the reaction,
the tenperature, the anount of the reductant passed
through the protein and the flux rate of the reductant
passi ng through the protein. Exanple 5 6.5n sanples
of Fab' at |Om/mM in 0.1Mcitrate, 2nM EDTA pH4, 5, 6
or 7 were reduced by diafiltration in 8010 Am com
stirred cells with a 10000 MACO nenbr anes agai nst | mV
2-nmercaptoethylamne in 0.1Mcitrate, 2nM EDTA pH4, 5
6 or 7 for 16 hours at anbient
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tenperature. The reductant was renoved by stringent
gel filtration on PD O colums equilibrated with 0.1M

W@ 2aora03s9s 2nvl EDTA pH4, 5, 6 or 7. The reducedP@rIBB2006/002416
were PEGylated with a 4 £bld nol ar excess of
40kPEG mal ei m de (Nektar) at anbient tenmperature for 5
hours. PEGyl ation of the Fab' was neasured by size

CLADdR®c| usi on HPLC. Figure 5 shows the effect of pH on the

anmount of Fab'-PEG produced. Exanpl e 6 Anti body Fab
at 20ng/m ( 2mg/m ) in 0.1M phosphate, 2mM EDTA,
1. GAPIQReSS fowt}e@wnmned@ramm@ffa@tpbmo pleg todoqwoﬁowwmes ina

gﬁﬂa’% ? #xﬂsfl‘%vo' ume of 15-20 litres against InmM 2-
rcapt oet hylam ne in 0.1M phosphate, 2nM EDTA pH 6.8
f Oractivainpanesratiora cjféteinesriatthae mrbteln by dfaifilteriag therprotein against a

volunme/h at anbient tenp I medi ately. prior, to
Rt ScyperReoR TR PP IobFP e HE e BUEpEpPre Of
ﬁ&mhelewﬁr E@m%phﬁelbuha@ﬁdt o a final

conce ration of low ng diafiltration the
r Boigedtingtthotrsated poved woith &D@f&pﬁ@umlmukfl ltration at 8

diafiltration.volu um acet.at e

2. T oSBT 1 6 Wt b b PR & Rl

i ﬂﬁ&b@d@ﬂlg\mgeht Whikh 2$indBlable EDEERGIARS Kt G iduiitid«isonds is
(Nektar) at anbient tenperature for between 16 and 20

hpigsent iphepreteinsigmple piies tralsP (Was measured by size

. S?g%# 008{% Hgg-l‘%n %g %aﬁﬁ%h%ﬂla?ﬂﬂé@én ?lﬁ'blg gfrr]pe%sfn%%gen in the

trat I On process was con
| pfown saaple is bawabi 0.5gmi n.xihegthe ebiideairatimyofatducing agent in

PEGyl.ation. CLALMS 1. A process for attaching one or
miftedliadiliraliqnbutfis ecul es to one or nore cysteines in a

4.PTRL 51 E o@eé%%@&fdﬁ‘lglg cldivh 330 WA {h@ Qta%?g QIncBRfion of reducing

cysteines int protein by diafiltering the protein
ag@nm gt tha praieintsample is dtbrainegs duerncentratiomel tédutinga@ient in the

r t which is incapable of formng

ﬁi‘#gf %Egg‘&;‘f di sul phi de bonds and b) reacting the
5. t 'Tﬁ@bﬁféeﬁragtc@ﬂdﬁlg%taﬂy %ﬁe 6f §18i61s01-5 WPWRIH!tBe cohicedtRRion of

process according to ' claim1 in which a nonot hi ol

r eeflucingggegfanimdf. a nmul tithiol reducing agent which is

S T S L T RN
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 B-mercaptoethylamine, B-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.



3. The process according to claim2 in which the
concentration of reducing agent in the protein sanple

w0 go0pmo3seen 0.5 and 1.5 tines the concentrati oPCDEGB2006/002416
reducing agent in the diZfiltration buffer. 4. The
process according to claim3 in which the starting
concentration_of reducing agent in the protein sa

le. .
14; Ehe mecessaﬁ%coa@ngﬁé terams d - 1810 meigicsashy Cxﬂ@ﬁg? Which an
t ccording to
a%?ecgdﬁ gﬁd&%éﬂ?fg aﬁgd%{d ég ?{?Saﬁ Lﬂa%ﬁgf) C ncg (?r ation of
15r ’Ehh)p:rlon@s agmnding $o hmhbnetof cldims fir ldlciasehicic thereflicoigr tolanle is
one of clains 1-5 in which the reducing agent is
ved fromthe protein sanple between step (a) and
1652%’?1{)9&% adcordill§ tPERGRTS 11@%%@h@9fféc@or%&b£ﬁl§ id 40, m BHG-
educing agent is renmoved by gel [tration.
Thelepnideess according to claim6 in mhlch t he redu0|ng
agent is renoved by diafiltration. 9. The process
according to any one of clains 1-8 in which the
reduci ng agent is selected from b-nercaptoet hyl am ne,
b- mer capt oet hanol , gl ut at hi one or cysteine. 10. The
process according to any one of clains 1-9 further
conprising step (c) in which the protein with the
desi red nunber of effector nolecules attached is
purified. 11. The process according to any one of
clainms 1-10 in which the protein is an anti body or
fragment thereof. 12. The process of claim 11 in which
the protein is an antibody Fab' fragnent. 13. The
process according to claim11l or claim12 in which at
| east one cysteine to which an effector nolecule is
attached is present in the antibody hinge.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 16. The process
according to claim15 in which the effector nolecule
is 40,000 PEGral ei m de.



