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Novel Conjugated Proteins and Peptides This invention
relates to novel conjugated proteins and peptides, and
w0 b@b4soepar ati on. Many therapeutically acti VRCT/GB2008/003409
nol ecul es, for exanple proteins, do not possess the
properties required to achieve efficacy in clinica
nmedi cal use. For exanple, many native proteins do not
make good mnedi ci nes because upon admi nistration to
patients there are several inherent drawbacks that
include: (1) proteins are digested by many endo- and
exo- pepti dases present in blood or tissue; (2) many
proteins are i mmunogenic to sonme extent; and (3)

proteins cap be rapidly excreted bykidney,  ..ies
ultrafl|traff6ﬁ—aﬁéxbfieﬁégefé&§ﬂ§—4§ﬂﬁ?fﬁﬁfﬁiﬁeS

which mght find utility as active therapeutic agents
in medicines are systemcally toxic or lack optinmal
Tbﬁeaﬂahbabﬁbhtyeaadephaonaooknnebh@sgaﬂ%énppobeéhasand

ear. fromt circul ati on qui ckl t he
ofpEatary  ohdy EnEA DR SR AF OB 0d T o t ho pat | ent

frequently. Frequent adm nistration further increases
the risk of toxicity, especially inmmunol ogically

Meaki vedrhpxsleithesy M@tevesmbmbbelesynfhetézamplynpfStelns,
particul arly pol yal kyl ene glycols, are widely used to
deoﬁpagQPéS?ﬁérab@upreaﬁr9laétF9QUhﬁﬁécEPe§C§h%ﬁea%fflcacy in

c@aﬁaebmsme596§@ LE@rapgytégaﬁgmbugﬁgﬁg Hgvﬁv@espoégpwg do
to alter pharmacokinetics favourably by prol onging

notrmakatgondtmﬁélamdedebeeassagupbeaadmcelsar@Slon to
cre systemc toxicit and | sever S .

PHESHRES: RiePHor EAssavairh peBPfcRe g MFhES FBREC g uoe:

@ovpkeaéhmsceﬂhuga@eBQQQIygthyhgnengbycehd Ek6&-péptidases

proteins is connnnl¥ known as "PEGyl ation". _ _
present in blood or tissue; (2) many proteins are immunogenic
to some extent; and (3) proteins can be rapidly excreted by
kidney ultrafiltration and by endocytosis. Some molecules
which might find utility as active therapeutic agents in
medicines are systemically toxic or lack optimal
biocavailability and pharmacokinetics. When proteins clear
from the blood circulation quickly they typically have to be
administered to the patient frequently. Frequent

administration further increases the risk of toxicity,

especially immunologically derived toxicities.

Water soluble, synthetic polymers, particularly polyalkylene
glycols, are widely used to conjugate therapeutically active
molecules such as proteins. These therapeutic conjugates have
been shown to alter pharmacokinetics favourably by prolonging
circulation time and decreasing clearance rates, decreasing
systemic toxicity, and in several cases, displaying increased

clinical efficacy. The process of covalently conjugating



It is inportant for optim sed efficacy and to ensure
dose to dose consistency that the nunber of conjugated
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nol ecul e, and that each polymer nolecule is
specifically coval entP:# conjugated to the sane am no

P gl e 9 SHon dith BRIt . T NGHPRIRR f jiown. as

COM; igwat sites along a protein nolecule results

in a distribution of conjugation products and,

frequently, unconjugated protein, to give a conpl ex

m xture that is difficult and expensive to purify. WO

DOBY GOt afets cfr 9 1h et wletrg b & fdffl qagipe |ansbiju gt wie dose to
eage . Lhes S eact w.t c Ili.c

458088 s TGRSy SAMORAZSHhy” Pt AU S99l

s @i g s tpe prpchicei ra ipy aited egaad Vier oy ugdteculEhesad that
reagents find particular utility faor their abilit

t.0

RFPESH 4 Bt & Ul S e Gt iohid et 1SR ¥STomhYa donjugated
b sl d | g dd 2R ot ided G e o il idI®icule. Non-
conjugates. Immobilized-netal affinity chronmatography
frednd)ic scenbigaidar atechifiqfue@ fang teh@ysure i el asin Lt

[ ins, and peptj. . 1n this techni.que,

lgeo‘(?)%/]ﬁtlSstllndian eCP]tsgégll, l%g’?ctleonrp e ecfornejgl one 13%1 ' dlusc-ttsagand(’a
Shedguercthiaf n wfcaronid gl o dutsdiingi ne rgsicdues;omplex mixture
t gi cal l(}’- 5 or 6 {?égidues, not present, in the native
td%‘/ t ey 3 sF it e BFREE i MtHdds to a
protein, generally to one of the termni of the am no
acid chain. The resulting protein or peptide is said

We e s Nctig e daggad’ .a RYnikisstdfdimerdiagsojuhtion
strongly to netals such as nickel and cobalt, via at_ .
rRgintHo oftadfe FMshRYiURed &6 disest Wi Yhvmgcleophilic

é%%&@@fﬁﬂ‘ﬂ'B%&f%&%%%ﬂ”ﬁgf%dﬁie, for example a protein, to
produce a protein-polymer conjugate. These reagents find
particular utility for their ability to conjugate with both
sulphur atoms derived from a disulfide bond in a protein to

give novel thioether conjugates.

Immobilized-metal affinity chromatography (IMAC) is a
standard technique for the purification of proteins and
peptides. In this technique, a polyhistidine tag, often
referred to as a “his-tag” (a short chain of contiguous
histidine residues, typically 5 or 6 residues, not present in
the native protein) is attached by synthétic methods to a
protein, generally to one of the termini of the amino acid
chain. The resulting protein or peptide is said to be
“histidine tagged”. Polyhistidine tags bind strongly to
metals such as nickel and cobalt, via at least two of the
histidine residues. 1In IMAC, polyhistidine tagged proteins
are passed over a nickel- or cobalt-containing column. The

polyhistidine tag binds strongly to the column, thus enabling
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are passed over a nickel- or cobalt-containing colum.
The pol yhistidine tag binds strongly to the col um,
w0 baeg/og1sabl | ngt he tagged protein to be separ at BCI/GBROOB/003409
m xtures. Polyhistidine tags are wi dely used, being
ttached to a w.de range of pratej and .peptides to
DB B IR POAR LS dERAVET Chetart Shto5e
IREPRA it O dg Xtddee sy idte 18y fuad, e datRy a%@Mhed to a wide
untagged proteins contain histidine residues in close
e Ak ik eddeh atch@ePtame Ssdch pedtle Adefaprapgeducts
' t ' cqbhal I . g
“%sf}gﬁ@ %Heeg;eeﬂsﬁo?rggcgﬁ%r%aeréaggﬁﬁ%sti |ﬁn§§({t§]§%§dgt a future
datet.ei ns. W have now found an inproved net hod of
conjugating a polyner, especially PEG to proteins and
peptides. In this nethod, the polyner is conjugated to

SN Dot e AL PR repgges 0 rone
gicinditie desdadite oMHdr ,praeferseih gldot Jiedcimagt ali® bind to
pol yhi stidine tag, rather than at a single histidine

Hediedu@nst Bl HMAfe SIS protteionanTHE urddy diesg
SHAYHPA] 6B HIIMElst i G S & 36 t\WPR005/ 007197

act das ‘extrenely efficient and stabl e conjugating

agents for proteins and peptides containing

pol yhi stidine tags, as well as for proteins and

Wse gtavge ravorficaing my simpiroge chimsttihgich @ fs wondgiagd nign a
INgmal ] e I OLein, (B qduce augl, coni yaakaes thi
p&cg'or |’ngﬁes3p?ect a:ll re@eegt %g)n enti on Spr oV e? a r?gt'ho&n s
neft heeh)) ugat iped yangpoliwretortjaga tprdbttel @ @o lyéptsitdeline tag. It
cont ai.ni ng, a pol yhistidine tag, which conprises .
FoREIRY S oA e I BT g orf FELGET CRPER 8ard Pinding
o Qf @i talqiRRPtHdS diRderi 100HdAaR: tSWaAN vt Ralact at the

conj ugation occurs via said

polyhistidine tag, rather than at a single histidine residue
present in the native protein. The resulting conjugates are
novel. The reagents of WO 2005/007197 act as extremely
efficient and stable conjugating agents for proteins and
peptides containing polyhistidine tags, as well as for

proteins and peptides containing similar histidine structures

in the native protein to produce novel conjugates.

Accordingly, the present invention provides a method of
conjugating a polymer to a protein or peptide containing a
polyhistidine tag, which comprises reacting a polymeric
conjugation reagent with said protein or peptide under
conditions such that conjugation occurs via said
polyhistidine tag. The invention further provides a method
of conjugating a polymer to a protein or peptide, which
comprises introducing a polyhistidine tag into said protein

or peptide, and subsequently reacting said protein or peptide
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pol yhi stidine tag. The invention further provides a

nmet hod of conjugating a polyner to a protein or
WQEe@Edspo whi ch conpri ses introduci ng a pol yhi BET/GBa@8/003409

tag into said protein or peptide, and subsequently

reacting said protein or ipq?gti dew th a pol yner|

.C .

wolr} Lty T oS edy 1A Affdr Yo A9 Bis {dpgditions such
GO0y Ugat ROt MAs SAl A Roly Hatyrdide diag cHRe

pol ymer ‘conjugates of the present invention are novel,
and the invention therefore also provides a conmpound
conprising a polynmer conjugated to a protein or
Tepthale/mesnapraoigalfds | Ug@ Ry aAed ta Ig1ePHiien ditse novel,

, r. nt

e e e L b e o A s
¢ eiseintes aa gudlywreer ;cd@ jugaardegentas pardtiaila gy grepipde, said

his) u represents .a polyhistiding tag containing u
SR T HEISS i 7 et e ot ha St i
ddrRthd g bes aich R StH it t@Ge ANY MRAMGTERI:I C
conj ugation reagent capable of bonding to a
pol yhi sti di ne ta@'rajhilsd wt8ed in the)process of the
invention. Such reagents include the bifunctional B .
i 15 X0 fr QR SEFIR/0 F7 PP2 YR /c R ad SRASS A Shicndilmging

| yh sty di hav a-f.o gy

e L R rs e tna RV e s s preasntne v
hista diatd wenigrsot eind & MrFaptdstat(d .2e puedte dpeiony perdseigt 1inked
i.n atﬁglsyhi tidine taq%. wher e such residues are
tl}brcoalf S i’ éﬁﬁs)ylc gse a@get her in the native
structure to enabl e conjugation of the bifunctional
reagent to both histidine residues. Accordingly, the

Kiegeritynenientdoon dgattiner reramente sapabdrp @i dooiditiye to a
§§¥¥ﬂfgtfé¥gg“égg may be used in the process of the
invention. Such reagents include the bifunctional reagents
of WO 2005/007197, which as well as binding to polyhistidine
tags, have also been found to be capable of binding to two
histidine residues present in a native protein or peptide
(i.e. not being present in a polyhistidine tag) where such
residues are located sufficiently close together in the
native structure to enable conjugation of the bifunctional

reagent to both histidine residues.

Accordingly, the present invention further provides a

compound of the general formula
X—Q—W

X'—Q
(Ia)
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:ia)in which one of X and X' represents a pol yner,
and the other represents a hydrogen atom each Q
W0 pepersdent |y represents a |inking group; W reQr/esemss03409
an electron-wi thdrawi ng noi ety or a noiety preparable
by reduc i,on of angfbect%o 2%%£g%%%%$%%nnley¥mer, aﬁ% the
ort@féfrei%@ireéyér&'se%t i redgled bawim)g group; and in
addition, if X represents a polyner, X' and el ectron
Wi t heraahi 1%y igrdependensdet repreistntishe 'liimkeng geomp;
atonms may forma ring; Z represents a protein or a
pept .Wdéqgrrﬂé@dltt% aR gﬁ&%r\?Paeré@ﬁé@ww Fdeitdi f?é” a moiety

reS|du Ais a CG.-5 aI ylene al kenyl .
R0, AP o s s R ERGeiA mosety,

di:halll’f XA fwgﬂzeeyen@rsouxpp@flyn@\tel xcwnum@@eam@r eiafg represent
the .invention is represented by the general fornmnula:

ag. LOARE PCHEEHATAY INGHIFOIP; @id B RRAtioR x1E X

rPRRIOMHS A RAWHRT  xQ LERr e3@RES R hiiRkdRgwaheu %aro%
represents an electron-w thdrawi ng group or a noi ety

Tp rrep@talre Wiy by ediectim@e rgh cen telagoinsomawi tthdmaw mgng;
noiety; v represents O or an integer of from1l to 4 ;
V' repredaRresentst égeroseify o B PePgideaddnked to A and B

vfl pr/ %%ga@cg;l%eprh‘i et'l%ll%r 3 ReRLde |1 nked via a

ine ta N these compdunds, v ' preferably
repr esent s AR i01tLgax fyf1re<f>1rél brt a1&enypleefeercabliyi ;1 aha 4
, for exanple 1 . Preferably vis O . OQher reagents
whi ch nmiy ise audedid o1t e Cprooedsy lofhet lve prlésepntlene chain.
i nvention include reagents that are capabl e of
acylation or alkylation. Such reagents may be nono or

A further group of novel compounds according to the invention
is represented by the general formula:

- [Q-W- (CH=CH) v= (CH2) 2=Z] v (Ib)
in which X represents a polymer; Q represents a linking
group; W represents an electron-withdrawing group or a moiety
preparable by reduction of an electron-withdrawing moiety; v
represents 0 or an integer of from 1 to 4; v’ represent an
integer of from 1 to 8; and Z represents a protein or a
peptide linked via a polyhistidine tag. In these compounds,
v’ preferably represents an integer from 1 to 6, preferably 1

to 4, for example 1. Preferably v is 0.

Other reagents which may be used in the process of the
present invention include reagents that are capable of
acylation or alkylgtion. Such reagents may be mono or
multifunctional and include for example PEG carbonates (e.g.
PEG-p-nitrophenyl carbonate, PEG-succinimidyl carbonate, PEG-
benzotriazolyl carbonate), PEG carboxylates and PEG esters

(e.g. PEG-succinimidyl ester and PEG-p-nitrophenyl ester and
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mul ti functional and include for exanple PEG carbonates
(e.g. PEG p-nitrophenyl carbonate, PEG succinim dyl

W@ 200b040®, PEGoenzotri azolyl carbonate) , PEG@CT/GB2008/003409

car boxyl ates and PEG esters (e.g. PEG succi ni m dyl

ester and PEG p-nitropheny| esier andtheir

i AG VAT ra|PoE§%f31é4,e 1t TSyt T6e Yy Gy Eosyl, PEG-
PEGH s ordAiRzidie -Ahrdty Az e REGM Ml fone, PEG
sul fone, PEG mal eiimnmde and PEG i odoacetanide; and
rgoridgpsiadiany rRiggdamde aaattaaiigeaig apel ypeanre spomalinchaeagents
P Z.int que jugat.es t he present

(for%\%eanjtznllcgl% r?trab)eit})k?)neerdJero&\%gd: fgC?lc?% ap%{c();r'otei n or a peptide.
Throughout this specification, the term"protein" wl|l

be used for convenjence, andéz}xcept where t he context

% edui thes TaVRdr Wi U 9adtSst e dd& é’r'e&fe&teilﬁweé‘ﬁ&gfﬂ”d Mgy be
ddefe] Gt & R Jef 81 /ICES Jedt iRfeOt eirh rRughRRit 48iis

The protein formng part of the novel conjugate of the
gl iz ata arustt heoritetim “@rdtedst” wiad lhibst iugiede for

Joesx}ednl‘lleesﬁc -I;h &% tev)\%:erpf SIwal‘leersel,] %%n%%% er}tecfr\fl:} rte@g otherwise,
native proteln, an | SO, the two resl duées St e

teateatsslftfd Ciparided el e dlepetchemder stthednatd we references
structure to enabl e conjugation to the groups A and B

£o TIRIOLRN ScBERMER t'wo hi sti dine residues are
adj acent to each other in the protein chain, or they
may be close together as a result of the folding of
Thve guradtedim . L o@usimprstidi s gérsemaiviel Isiomd uge tievad  the
ol utms.. _Faor _ex l.e,. t rokaryotic .qr ism .
EOHER da Ty R Risish & Pt o S Mg geayes-
THiagrl ngrd o dIVE G0 I HeC AT cpeeitr .inPrékemnahliyye protein, and
however, the two histidine residues formpart of

IolSthi it tieFrduss ™Sk &5 dﬁ%@t€ﬁai5h‘,ffﬁ€tlef“£ﬂd close
ddydiie Matd U PRIt8IvE Yt RRUEE £ oMingR 1RAS PE&Bation to the
attached to the

groups A and B. This may occur when two histidine residues
are adjacent to each other in the protein chain, or they may
be close together as a result of the folding of the protein.
Such proteins generally bind to IMAC columns. For example,
the prokaryotic organism Escherichia coli has one protein
known as YODA where binding to IMAC columns can occur.
Preferably, however, the two histidine residues form part of
a polyhistidine tag, i.e. a histidine chain, not found in the
native protein or peptide, which has been attached to the
protein or peptide by suitable means, for example by chemical
means, by post-translational labelling with a polyhistidine
tag or a moiety containing a polyhistidine tag, or via
protein engineering by inserting histidine sequences in
fusion with the target protein, for example by the use of a

gene having a short coding sequence which codes for a

polyhistidine tag of the desired length.



10

15

20

25

30

protein or peptide by suitable neans, for exanple by
chem cal neans, by post-translational labelling wth a

WEoioghszsoo di ne tag or a noiety containing a  PCT/GB2008/003409

pol yhi stidine tag, or via protein engineering by

I nserting, histidine sequences in fusiaon wth the

HEl e RO e For A AT € By T We (e 166 SogbRE of
Hiam ing e shayitauedi T rsegudeRae WY e Godrs flor @sidues.

pol yhi stidine tag of the desired | ength. Polyhistidine
Theggs MRt comttaim aty leasitr &d nagseiesof oyiedergibdy they
i_dye f P& ; t.0 (. resd dues. .Ih
Crr?ﬁl:eta glon tail(ﬁ)g'raastea(l ease:aSl Fed] %%g)slé;c%flcelﬁg?a%ﬁly%t ﬁgy@é
wenifdigs ,ate dpeasita 13 y €ictués tce Spe@saldue sf,r dord etkample 5 or 6

resi dues, especially from5 tq 8 residues, for. exanple
e U§Sr°esiT§f?éfs _maw&p%nc 3 ﬁu&ﬁ:llﬁilmestrie&ilﬁélesrjp or they

85 I HULS ,c Mt AR b B ral? £ AYRIST GRS ISR HRAGRhces in
resi dues or sequences in addition to histidine

sk tdpes . t oT e séxdigdmen dieislusss -t he bi ndi ng present in

the conjugates of the present invention is not

currently known. The preparation of one possible

Tten jeugatte natddmestofattéd: bsinad ngy gpeaehntc imeagentconjugates of
whi ch each SO2R represents a | eavin roup, ang in
S G SR P erEran Y Fepred@it SUET SR <A, aRar y|

et @l tin HOWhe §HRAGIA Yo fiRlatle,IHAURs tirstelOWR ing a
in Figure 1 of the acconpanying draw ngs. Figures 2
Lrcidnid xqagerghon alhtiehngeiohe S€eR| HGREESCSPE Bpar AR Eing

e &S SurQle R OW R fb e ht | E}Sess‘é'i‘l"t% IR BE1QYnes ary)
<§%3ﬁ§ fﬂ%ﬂgt bondi hg #ghto g& cent histidine Y1i%aryl,
Flesirdiesyr kra lbondigrepupg spaeced adiar ta hicdtyildigneup, is shown
residues, provhg{n that the spacing is not, .too |arge
i Errent? 1t RS OGP EGn FGAEE O e ankdEUBE T dlld and
OW) -show alternative conjugates preparable by the process of
Figure 1. It is assumed in Figures 1 and 2 that bonding is
to adjacent histidine residues, but bonding to spaced apart
histidine residues, providing that the spacing is not too
large to prevent formation of the conjugate, cannot be ruled

out.

In addition to carrying a polyhistidine tag, the protein may
be derivatised or functionalised if desired. 1In particular,
prior to conjugation, the native protein may have been
reacted with various blocking groups to protect sensitive
groups thereon; or it may have been previously conjugated
with one or more polymers or other molecules, either using
the process of this invention or using an alternative
process. Further, the conjugates of the invention may have
one or more additional polymers (including proteins) or other
molelcules conjugated to the protein after conjugation

according to the invention. Novel conjugates according to
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In addition to carrying a polyhistidine tag, the
protein may be derivatised or functionalised if

w@le®po€oo | n particular, prior to conjugati on, P€HEB2008/003409

native protein may have been reacted with various

| ockin roups to protect .sensitive graups thereon;
G R D HHe by Uy ESnSaead Wit fgedgeed o
Y & PAUWETRI 1071 SHANE P IBIRG eSe &HARY iUSIFGUMRS 3(a),
rocess of this invention or using an alternative

focegsd Fsth Haspadie won] wfattdse sicqcrpanmian idnevhags. In
'J]'?é’see Q¢ ﬂe&orpﬁalﬁq&gxlté et@l‘?slry%rt% (tlh C_}Llruqlihl?lg(ing groups
ther nolelc e

proteins) or o es conjugated to't
Freootsiawrafddrenconjasgaty ars #¢c@® dinng &,0 wihiid & nyent iaonl z
Novel caonjugates according toth resent invention in
WG o ote i h S g & 0B re Jor B C conugated
i&ﬂdﬂrtsy QLB I AN S AWt dih RiGUMastd didde r@siues. oOf
and 3(c) respectively of the acconpanying draw ngs. In
FIiEsEE Fiqpiiesa tgeny i P et ML sawPel ied sy Vidian kigsg dues

e .S - t I , Baan , [
S e o T kU, oo sy "8 S gl gno
®randydE ecbjaugatee b mearey aclailyiiatalopdlyntere pricicdiuiing
via histidine residues. OF course, conjugation of one
RROUE ol y rertt Q1% 1t @Y 55 CGPHAE AN i Shcdife T
i I pessiddiecth S, Wl S&nkaid)g AR weatiad o A &, for
nmore addi tional polyners (including proteins) , the
ot ther drewWdfjsugd ed agnasitd v moed igplegd@/esugars; and
SSCEAIqu,fe%d., fé)ran%f(WHe'FifJ Sjn?flaly '{?Je%%lflo%’ rfe%r esent such
exanpl e therapeutics or di'agnostics; sialic acid;
msulgarnslesand Ist ardthigsiorB andjuCe 13 Bihgwrse A3 maynd C located

APEreLore Laprsent, syeh gl ool sh i Sd0LLON an they
i h&e dPHcddiapdrx MR kasthe/mdc, and they may be
spaced apart from each ot her.

Many proteins supplied commercially contain polyhistidine
tags, either because the protein has been previously purified
by way of IMAC, or to aid future purification of the protein
itself or products derived from it. If it is desired to
conjugate the protein to a polymer, conjugation to the
polyhistidine tag provides an extremely convenient route,
previously not envisaged. Conjugated products, specifically
PEGylated products, can be obtained with a high degree of
consistency. Use of the conjugating reagents of

WO 2005/007197, resulting in conjugation to two histidine
residues, results in a macrocycle, leading to a particularly
stable and selective conjugate, generally obtained in high

yield.

Because the polyhistidine tag is generally attached to the

surface of the protein, generally at one end of the protein
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Many proteins supplied commercially contain
pol yhi stidi ne tags, either because the protein has

whe@n/ogrsei ously purified by way of | MAC, or tRCHGH2008/003409

future purification of the protein itself or products

derived fromit. If it is desired to caonjugate the
Hredtei RD @AY RIS tdoRath &l d % &%%%éjeﬁgﬁ%ﬁiestli“ditﬁé

JA% PHHOVIERS AN 189 QIR tGRNUSNI ANt HO W@t e VisOUSe 1y
not envi saged. Conj ugated products, specifically
nRE@AH sitret! pfraddusotisig ddre peagistsal fed wintthrodluigiigly degr ee

of. consi.st.ency._ Use of the j.ugating.re t f
%@%k%ﬁ%lﬂe sl talnﬁ% a|lnS < o(‘f(r%ﬁrlulgatJ‘lngngC[hc()e ?S \%%%ﬁ%sut%i%yﬁg ocess

des ituespdEstuld Sdf RaEAOCHC [the Ieddibigtlidiae tag to a
particul arly stable and sel ective conj ugate, ngﬁner ally
RSpETTed iFPitdIESA dSRsBeradde BHESFAty HYErdiieg Cag Pe

' r A fawdecds f f fort [
dgsizencgra I@Aﬂgty C?nr{e end o%cajthg)erpo}glﬁsﬁgica IF%XEJ %g%lvggusw

mposidd dmetratt dmye desigredlidiitanaln aong ygedtisinn privggsses .
bi ol ogi cal activity of the protein is largely

mai nt ai ned followi ng the process for introducing a
mawhiat idiate 4 agl @t walaond ddpwong die subsgdueritent
process of site-specific conjugation at the

BERAT Qf dididigia ¢ @ iBIgfrer I8 UddSe Heddonerecrat
AL é?“é%?lfﬂﬂé*ﬁhfﬁ%%éé<ﬁ§fﬂ§“ﬁMﬂa.U9@kﬁSt%ﬁs to be

pr ot ei ns I'ch have préeviously proved intractable to
dffadittiwnalatcorjagativon predessdsly Rroge, déd sithigting residues
pol yhistidine tag contains a sufficient nunber of

i SR P dIed® d o] Ught'e GFTEHE prsednpodted and
dvnsenddien ey istidindepuhd irgiduesi ng HWCIMAD ddlivtan. The
to be effective, at |least two, preferably nore

HREFidi e Tesituesnie R JdSitsSdite e 46 5igies §ost
55H?ﬂ§héﬂgﬁnﬂfﬁﬁﬁ§“¥d¥“¥electivity in binding to the IMAC

column between unconjugated peptide or protein and the
conjugated derivative. Where multiple conjugation occurs to
the same biological molecule, IMAC allows for separation of

the multi-conjugated derivatives.

A polymer in a conjugate of the invention (e.g. X or X') may
for example be a polyalkylene glycol, a polyvinylpyrrolidone,
a polyacrylate, for example polyacryloyl morpholine, a
polymethacrylate, a polyoxazoline, a polyvinylalcohol, a
polyacrylamide or polymethacrylamide, for example
polycarboxymethacrylamide or a polyacrylate or
polymethacrylate with phosphatidyl choline pendent groups,
such as 2-methacryloyloxyethyl phosphorylcholine, or an HPMA
copolymer. Additionally, the polymer may be one which is
susceptible to enzymatic or hydrolytic degradation. Such
polymers, for example, include polyesters, polyacetals,

poly(ortho esters), polycarbonates, poly(imino carbonates),
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avai l able for binding to the nickel in the | MAC
colum. The reduction in the nunber of free histidine

WO 2®9M4r580 post conj ugation allows for sel ecti vPEH/GBR008/003409

bi nding to the I MAC col unm bet ween unconj ugat ed

eptide or, protein and the conj.ugated derivative.
b e GOS0 OGEUrS P8 g sagge polymer may
di o oo 1VRleaC Ul reyn dMAC R d 19 of @r Separalct@raafl vt Befined
mul ti-conjugated derivatives. A polyner in a conjugate
asoalvmameerl & (e ook GroPrlymeray Fogr edeapdice ihemay be a
b%%{cﬁ?l%oel&%eqj %%@i’ve% qulo}(n\”t%l Ry '}n%lrled%ﬂ 12ne oxides, or
polyacrylate, for éexanple polyacryl oyl norpholine, a
frainy petiya@lydtege @ xialey) 0xazbdleiitée ra ap @loy wiesyleal, cpdlyacetal,
a pol yacryl am de or pol t hacryl am de, for. exanple.
B PrHEacr P 88 1 AT P6 FAif)1-at odH T unctional
ROl A afas Wet hlsmoa@mtuld@yIco%@qum%%sp@rfd@amnylether-
groups, such as 2-net hacryl oyl oxyet hyl .
msHesish emylysirglden@ndors tary epvmad 6361 widydrAdgi-t i onal |y,
the polynmer may be one which is susceptible to

enzymatic or hydrolytic degradation. Such pol yners,

Naaru rexdnp log,currdingd @ QA gimeest eay, ajeloy deetalesl, for example

paol y(ortho esters), polycarhonates, poly(jmnq ,

R Aagy v STy Bt oa LG Hexs oy e achdgpsan,

st akhkd, PAMNRN JHRY, %qg%d@@mp@onwsaan@n%ma%qml YRRy

or a structurally defined copolymer such as a bl ock

degpolaiees kEdererdnpl @ Prowginbday Bieosiecglopgs ymer polymer.
rd v fro r.NQr | kyl i de or, f paly

ol oo Bl BHor™s Barrelrer oporyariis 2n

good iynoaivt ke esitteiblodyorf ragoeny: , ( & ro saciothl. protein, for

Pol yf.unctional polyners that may be used include |
SOPANTERS BEYATR iy DS AReE RERYGrTde Afdor if a

pHPH 1R BRI 16 13N WA Id 81 yNA U sl neeC Uls! @ dPOlrFe ek ample
may al so be used, for exagple

an O-glycan acceptor site for glycosyltransferase, it allows
the incorporation of a substrate or a target for subsequent
enzymatic reaction. Polymers such as polyglutamic acid may
also be used, as may hybrid polymers derived from natural

monomers such as saccharides or amino acids and synthetic

monomers such as ethylene oxide or methacrylic acid.

If the polymer is a polyalkylene glycol, this is preferably
one containing C; and/or Cs; units, and is especially a
polyethylene glycol. A polymer, particularly a polyalkylene
glycol, may contain a single linear chain, or it may have
branched morphology and can be composed of many chains either
small or large. The so-called Pluronics are an important
class of PEG block copolymers. These are derived from
ethylene oxide and propylene oxide blocks. Substituted
polyalkylene glycols, for example methoxypolyethylene glycol,

may be used. In a preferred embodiment of the invention, a

10
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pol ysaccharides such as chitin, dextran, dextrin,

chitosan, starch, cellul ose, glycogen, poly (sialylic
wa@eiodp4znd derivatives thereof. A protein nay PE/GB2@S/003409

as the polyner. This allows conjugation of one

protein, for exanple_an antibody or antibody fragnent

sigoadeseband prdvsthylepe @%aﬁﬁ#elanl§ﬁ£9ﬁ§66rb5tﬁe?ulfable

g?%h Ve (roLein, glé1§9 aﬁ&ogype@tbqemggﬁbﬁyn'QQy@oxy, carboxy

cat Iytlc sequence I's use for "exanple an 0O
oac tgptroxydi e olugr, ghwcdsybbnaastedraSethetoahbcmsnﬂhef the

t f bst rat f
H58c ot ayRE: FECREAC: Pons PAPy RUPE S0RH RELOY

pol yglutam c acid may al so be used, as may hybrid
pol yners derived fromnatural nononmers such as
Tﬁacpbawm@esmaw apitnonadilgs bandegymahesed mondpnecsisnehised

.as Iene xi de or acrylic ac t he pal r

iP5 “BVpHPArEy) g ol Jear iR a-PuER Bpyr bp) J TpRESYTE che

p%Q@h@knt@&m@%u@n@&oén@ giblip, amdallsngspaei gbllymar chain
yet hyl ene ycol. A poly particularly_a

t@épyamkyp@ﬁ@n§|}é@kerﬁaylaoﬁvghn055§vn§h§ PPhgmer is for

e%g% Ne %rg %Egéyﬁgﬁgdgra??ggﬂeQHEEQ9h9ﬁXd@ndp%@ﬁa@?ylate,

ose chains’e r small “or |arge
p@dym&kh@@r@ﬂam@nlos armaaﬂlcnpohydmudelaQQOéNmEEG

ck copolyners. The re rlved fro et hyl ene. .
M RIESAG SOy aTE otrds BrOcREN Baser Lapegne Biological
mRQley-llkey| @R Fepeahs inf @lyn@tgli'@ltecﬁahhlomdﬂﬁlt)i@bhy)baﬁé1ts. If
gl ycol , nay be used. In a preferred enbodi nent of the
demi &Rl ok heagiodgMerc Raivn PolcpsPhEre i@ §l $Oor dji support using

é&Hdén%H%%aqym%t%Wd%able group, for exanple an al koxy,
hoxy, aryl oxy, carboxy or hydroxyl group, and

|s connected at the other end of the chain to a
linking group Qor Q1 as discussed bel ow. The pol yne :
Tiney omystiimowma fmiofl elsat lgar wedohsed ot heupetivesal védd of Course

depend upon the intended application. Preferably, the number
average molecular weight is in the range of from 250g/mol,
for example 500g/mole, to around 75,000g/mole. When the
compound of the general formula I is intended to leave the
circulation and penetrate tissue, for example for use in the.
treatment of inflammation caused by malignancy, infection or
autoimmune disease, or by trauma, it may be advantageous to
use a lower molecular weight polymer in the range 2000-
30,000g/mole. For applications where the compound of the
general formula I is intended to remain in circulation it may
be advantageous to use a higher molecular weight polymer, for

example in the range of 20,000 - 75,000g/mole.

The polymer to be used should be selected so the conjugate is
soluble in the solvent medium for its intended use. For
biological applications, particularly for diagnostic

applications and therapeutic applications for clinical

11



in any desired way. Reactive groups may be |inked at
the polyner term nus or end group, or along the

w@logeersochai n t hrough pendent |inkers; in sucPCT&B2008/003409
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the polyner is for exanple a polyacryl am de,

pol ynmet hacryl am de, polyacryl at e ol yrret hacr ylate, or
e P R LT Hh /R te%pto%%g Uyrgse will be

é&‘ﬁﬂbf@@r@'i&d@&@s thads Pneud ﬁ%t‘éné@&ﬁ“'a‘% dymes have
result in synergistic and additive benefits.

wiesl ¥ied, in o tympr ey Q?@T@Iﬂtﬁi)lteﬁ aag- el Yoo IQhWMﬁdrt
HS100 sonventd onal, TRAGAS. e Sl Lmm ml aqulay

0" t he’ poﬁ nje Wi 11 orf course pend upon Ctrhe
eips;tjemmdl@;mpl i catman. bd:’rr@‘c&fsﬁebslrw e " JoraMryAge be
nmo| ecul ar meyéhé is in the range of from 2509/ nol, for
Tt e SRR, on PAtbARreSs angy/ARAa@Lic WesH a he T

&10fu & GeNRIAle T eulid1 y Sindddignaett tﬂ]de%é%
the circulation and penetrate tissue, for exanple for

fgect yort hef thteatpmaite igf. | nf | anmati on caused by
mal i gnancy, infection or autoi nmune di sease, or by
traunme, it may be advantageous to use a | ower

S R e e e R S e A e

gemesf a Waremdsollublse ipilgmded t @heenmen dfn a:mraaidra{scdmble

1%/be advant ageous to use a hi gher Ieca;dsa
WSt Y e R G H A Gogany

g@lf@é)(gjdm_e . The polynmer to be used should be

sel ected so the conjugate is soluble in the sol vent

medium for its intended use. For biol ogical

applications, particularly for di a(_‘inOStl c applications

T RPermeaye ks @%ﬁmh%tq%lqrﬁrlx: kel terdifeut i c
e u}gissttfcﬁtr{émcatgo A Rl e foRidigatke lVfﬂrlkllnb;e group Q' in

l e in aqueous nedia. Many proteins such as
mhgyﬁngmhavd may include a group W (i.e. Q' may be
equivalent to -Q-W- of formula Ia). A linking group Q' or Q
may for example be a direct bond, an alkylene group
(preferably a Ci_1p alkylene group), or an optionally-
substituted aryl or heteroaryl group, any of which may be
terminated or interrupted by one or more oxygen atoms,
sulphur atoms, -NR groups (in which R has the meaning given
below), keto groups, -0-CO- groups and/or —-CO-0O- groups.
Suitable aryl groups include phenyl and naphthyl groups,
while suitable heterocaryl groups include pyridine, pyrrole,
furan, pyran, imidazole, pyrazole, oxazole, pyridazine,
primidine and purine. The linkage to the polymer may be by

way of a hydrolytically labile bond, or by a non-labile bond.

Substituents which may be present on an optionally
substituted aryl or hetercaryl group include for example one
or more of the same or different substituents selected from

-CN, -NO,, -CO;R, -COH, -CH,OH, -COR, -OR, —OCOR, -0COz2R, -SR,

12
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utility in industry, for exanple to catalyze chem ca
reactions. For conjugates intended for use in such

W@pEhiemvo ons, it may be necessary that the coPGTGBR@8/003409

be soluble in either or both aqueous and organic
nedi a. The pokéner shoul d_of cogrse not_undul y

TR mhled PHRORr 0ANEFORne PHEPER n. ~¥t €t @Fabl ;Na)heNHOH

RENGET &R et iRy IR, amdrpy eleighl meRzl S -W'HyR,
wat er - sol ubl e polyner The use of a water-sol ubl e

hedlogesirhy |ferre egiaydle i ysariniec wirachyl opriefeer FEERor Raefz and
-k g Al On%lchﬂée c%"'Ryﬁ RS 1%‘%?e&>%@d3éln%‘ﬂ1‘$zalr%%ge%ents a

ed tO t i st eta

Hyd’ﬂdg’d@ wump cQ hn ra ltdye f@rrm;flea:albltyayclm(auu@ﬁ )aogr amwparyl
" may be equi valent to -Q W of formula |a)

(e siariah o RSN IQITBIP-Q ey PEES6R&pIod e 85 tdioPect
Pt AR R KNS iR, (I efeplealll 13 Grle b akky! ene

group) , or an optionallysubstituted aryl or
heteroaryl group, any of which may be term nated or
interrupted by one or nore oxygen atons, sul phur

ecfrﬁerahmtgx%wsnm rQ whilsh Rimks ttee smbasinegegi wéem in a
g%‘@ndg Q Ig}lsg %ugikgﬁ%/n%rﬁrggﬁ)d or a direct

ups tabl e ary groups i'nclude phen
hmmht hyoggr qupsfenatlillye sUiitnalfloemudteel@arnyl agpolgmer, and
nclude erldine pyrrol e, furan, pyran, imdazole,
zd@ “oxazol e, pyridazine, primdine and purine.
The Ilnkage to the polyner may be by way of a
hydrol ytically | abile bond, or by a non-Ilabile bond.
woukst ifdiert:ammnlicc r gt e tpekeitic @ an deplyidenairoyp CO, an
substit ut ed aryl or heterqgaryl group include for
|9%& Bipe ~0-CO- or a sulphone” group -S0,-, or a group
obtained by reduction of such a group, e.g. a CH.OH group, an
ether group CH.OR, an ester group CH.O.C(O)R, an amine group
CH.NH,, CH.NHR or CH.NR,, or an amide CH.NHC{(O)R or
CH.N(C(O)R),. If X-Q-W~- together represent an electron
withdrawing group, this group may for example be a cyano

group.

The precise conditions used in the conjugation process of the
invention will of course depend upon which conjugation
reagent is being used, and which protein or peptide is being
conjugated. Such conditions are within the common knowledge
of the skilled man. For example, the pH for the reaction
will generally be between pH 4 to pH 10, typically between
about 6 and about 8.5, for example about 6.5 to 8.0,
preferably about 7.0-7.5. The concentration of the protein
or peptide in the reaction mixture will generally be above
0.20 mg/ml and typically above 0.4 mg/ml, for example 0.5

mg/ml to 1.5 mg/ml. Where the process uses the difunctional

13
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or nore of the sanme or different substituents sel ected
from-CN, -NO2, -CO2R, -COH, -CH 20H, -COR -OR

WO QOR75000CO 2R , -SR -SOR, -SO2R , - NHCOR, - NROIZRB2008/003409
-NHCO 2R -NR' CC2R -I\IO, -NH()—| -NR OH, - C=N- NHCOR,

- N+R3 HR2, N+H2R hal ogen,

??ﬁg%‘kta?nﬁ?% V%CP L?oor%(é)oo“%l otrf}enéoroqaasé CORER 5P i act ing
sadR ¢ 'né/\’fE SR 5T AnR eriékdae_lpeﬂlﬁ%ﬂi
represents a hydrogen atom or an al kyl (preferably G _
6 alkyl) or an aryl (preferably phenyl) group. The
presence of Bre&rdh wi thdrawi ng substituents is
especially preferred. |Pr efer ably the group Q which
links to a hydrogen a conmpound of the fornmula
la is an al kyl ehé—gdoup & di rect bond. I\/bst
preferably X in formul a Ia is a polyner,
is H. Wnay for exanple represent a keto or aII Jehyde
O Qi PO, ore Estherar@d QUP rdpridlerts & PHIARIC PDUhe other
-SC2- , or a group obtained by reduction of such a
rg%m)serethaah@rog@n @toWy, an ether group CH. OR an

ester.gro an am ne group CH NH2, CH
NHRo?g‘ﬁRP%ﬁft %1 YHC(O R or CH. N(C(O R)

2 . I )Ssé%ﬁ@sérﬁﬁketan'?relr&ﬁrﬁﬁW1thHﬁJvﬁ%%oup, for example

W t hdrawi ng group, this group may for exanple be a
Tykate @yr, Hie gates] gy emndi@i@s ased suiphisae group

ugatlon oce f th |nv tion I f r
g%pyehd upon |cﬁ%§)5%8885 i 6n® ?g Ig‘]%nt’w5< bb@l ngggggg?r may
weskedurcth 411 adleidtrain pepHdevihdejmmpconj ugat ed. Such
conditions are within the comon know edge of the

ski | lfedramires TS ex&npd @lkﬁ@%qrorahwm@m iCYR | |

generally e SOLICED i .00 P10, 1R S0l et

chain; and
each L independently represents a leaving group;

or (ii) a compound of the general formula

X—Q—W'

T—+.

(ITII)

X'—Q

in which X, X’, Q, W/, A and L have the meanings given for
the general formula II, and in addition if X represents a
polymer, X’ and electron-withdrawing group W’ together with
the interjacent atoms may form a ring, and m represents an
integer 1 to 4; with a protein or a peptide containing at

least two histidine residues.

14
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preferably about 7 .0-7 .5 . The concentration of the
protein or peptide in the reaction mxture w |

wW@emwen#lshy be above 0.20 ng/m and typical ly apOweBR08/003409

ng/m, for exanple 0.5 ng/m to 1.5 ng/m . Where the

rocess, uses, the difunctignalre nts o f WO )
Do 51 TOHTE L S SIS o A GRS Al sgyivalent

B QBPWh: f dihe aenefadcligealia i Jdopsich one ahey are
X and X ' represents a polyner and the other

qhepraatientiss e iy fogEm ateo mr o srdpmeddmna ld Sechkilggently
;o5 L Al .Qn- Wi L. J fQr.
S IERTENE A A SR S0P dRive sor

sl phorie aphoile s SO e redictiicn Xs deapriegerfd ainder
pol ymer, X-Q Wt gaeth r may represent an el ectron

SRR g b= A 16 B Kyi%he ridine
Aldkendens ahal iy i&éﬁpr&ﬁ_%t %gﬁlgme%r. A tCh-4 surprising

al kyl ene or al kenyl ene chai n; each L i ndependently

they dsiarit sed dataiwiinty grootwo dristiliding ceicined aafy tiee

neral . f la ;11 : | [ ' W
RS SR s e o Res Senet S maflg® flcures
anbigdrdd ;t i for idxahglenr dsemas prealiywly ¥eemmdund
el ectron-w t hdrawi ng group Wtogether with the

JitidrgHderto dUGHb TRFTONRIY Hond SR aEasuiRss Tather

HHEeO 1k dide# redtidfed protein or a peptide
contai ning at | east two histidine residues. The

conjugation reagents Il and Ill are chemcally
equi val ent to each other, and are described in WO
D030 FAEY . L Ry dardr BiraladPer ifoed SpRdA Agpgesent —SR,

-Q&%%?'tB%@éﬁPD@ﬁg§@ﬂfﬂéﬁt$ﬁhéﬁ, halogen, or -0g, in which R
has the meaning given above, and @ represents a substituted
aryl, especially phenyl, group, containing at least one

electron withdrawing substituent, for example

-CN, -NO,, -CO;R, -COH, -CH,OH, -COR, -0OR, -0COR,

-0OCO,R, -SR,~-SOR, -S0O3R, -NHCOR, -NRCOR, -NHCO;R,

-NR’ CO,R, -NO, -NHOH, -NR’OH, -C=N-NHCOR,-C=N-NR’COR,
-N*R3;, -N*HR,, -N'HyR, halogen, especially chlorine or,
especially, fluorine, -C=CR, -C=CR, and -C=CHR, in which R

and R’ have the meanings given above.

Typical structures in which W’ and X’ together form a ring

0
A—L
H,C ]
! :‘)TnH
\X

15
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cross-conjugated, bis-alkylating noiety that is
sel ective for two nucl eophiles . The reaction is

we@a0pjeoout under conditions such that the reRgEGB2008/003409

binds to two histidine residues in the protein to be
conjugated. It is surprising that high selectivity to
two histidine residues nay be obtai ned. O her
conj ugatjanHTef hads elmptéq%ﬂorfq%mq MoXtaur @$,of
products; for exanple, as previously been found
difficult to bind selectively to histidine residues
rather than to lyysine residues. The or each |eaving
group L may for \gxanphe represent -SR -S2R, -G0SO 2R
, - N+R3, - N+HR2, - hal ogen, or -00, in which R has
t he meanXag-@iren agbove, and O represents a
substituted aryl cially\phenyl, group, containing
at | east one el €ctron wthdr Hg substituent, for
exanple -CN, -N&, -OC®R, -C%iL -CH2OH, -COR, -OR
-OCOR, -OCCO 2R, -SR -SOR -SSR, -N 1) NRCOR,
-NHCO 2R, -NR CX2R, -NO -NHOH, -NR OH, - C=N NHCOR,
-C=N-NR COR, -NtR3, -NtHR2, -N+H2R , hal ogen,

espeC|aIIy chl orine or, especially, quorlne - CCR,
r@f&t@bﬁmqumﬂﬂtcwm AORSS REFeTCHag to the

qggggq y l,. st es i i.ch W

an %ﬁ} teshner qf%\cé%r%n} ﬁfﬁ%he el}%% Il%logg}u\r;mv\hl ch n
is an |nteger from1l to 4, and (Hb) In one preferred
enbodi nent the process according to the i nvention uses

a reagent of the general fornul produce a novel
conju at eOof gen@r al —f&0w

PEG— N

to produce a novel conjugate of the general formula:

H O O HB\\
PEG—N Protein
Hi

A key feature of this embodiment of the process of this

N\

invention is that an oa-methylene leaving group and a double
bond are cross-conjugated with an electron withdrawing
function that serves as a Michael activating moiety. If the
leaving group is prone to elimination in the cross-functional
reagent rather than to direct displacement and the electron-
withdrawing group is a suitable activating moiety for the
Michael reaction then sequential intramolecular bis-
alkylation can occur by consecutive Michael and retro-Michael

reactions. The leaving moiety serves to mask a latent

16



A key feature of this enbodi nent of the process of
this invention is that an a-nethyl ene | eaving group

warwad4oubl e bond are cross-conjugated w t h aPCT/GB2008/003409

el ectron withdrawi ng function that serves as a M chael

actjvating noiety. If the leaving group is prone to
S THIRRI D1 THP P LID ST UG BHale TRERGEh T et ter the

£hadt to diractodiny aceBe ANhd M8 s-alkylation results from
el ectronwi thdrawi ng group is a suitable activating

Fojusnt faol arte ittt ireeadtiiaha alhemds empierst-iMhichael

i nt r.amol ecul ar_ bi sal kyl.atipn _can Qccur cr§s7egcuti e
MEhae 2t r({e 5%- ec%aler} J‘f)‘ezﬁr:r{'i ons?m'Tr?gyﬁ'eglw ngd 1015 3098~
Il Btahd e vasn t cHask Sod.atlergsgonjlwgatsed 1dasil2e )hormthe

that is not exposed until after the first al kylation

RS FRUrHed Y 1% B WA &1 e GAE 1 GHhoup are
Seauentialsand d i eragdi gffajlmﬁ%ﬁ%eﬂog%r{ %J&rﬂ\ﬂb%%@quential

reactions as described in ) em Soc. 19

- MOtha<g0gthd 30 cariti chaelAmeathidmnsSoc 11988 alk0 possible to
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20

5211-5212.). The el.ectron w t-hdr.aw n roup .and t .
RedA rneg cgrr osusp Ezjlurnececolpqr}ar%ala|l;iéysléal ecte egltbsl s hk)?lcg lit& i nal
@l OEIc b dnd S efpiefiid ale dMtthagle aaibiet oM dradetween the
reactions. It is_also possible to prepare

NG AR AN G HY By ehtt G B ATABh &S described
wl3ipe kopds ool ugaded tq o he xdqubjos bond or

bet ween the | eaving group and the el ectron w thdraw ng
group as described in J . Am Chem Soc. 1988, 110,

5211-5212. Sone_exanpl es of novel conjugates accordin )
TG (AR (O N HE UG DR HE GRS etdifpl-egent ion

AHorepgenis aicdyiGan be used in the process according
to the invention include the follow ng: polymer - Q@ W

polymer - Q Wpolyner - QG W' polyner - Q W pol yner

QW4 0 His
| mer—n \Z
poty P
His
polymer—
/S
Hi

S

Some examples of reagents which can be used in the process

according to the invention include the following:

17



Wth respect to the protein, the histidine residues

are positioned in close proximty to each ot her,
wWpe@beshl y adj acent to each other, either in PEEGB2008/003409

native protein or in a polyhistidine tag. O course,

pol ymers ot her than pol yethyl ene glycol may repl ace

the PEG i nx-hepgabaye fornul ae. Wthout xywishi-rgyt o

bound by theory, thejfbonding to the histidi ne reql duek

may be as shown in the follow ng formnul a: but bongi ng

to ot her ni onms in the histidi i

possi bl e .I%%ggﬁﬁ%ediate product of thgﬁz%géggir

is a conpound of the general forrmula la in which

an el ectron-w thdrawi ng group. Such conpounds have

utility in thensel ves; because the process of the

invpnlpmdﬁrf@wamLﬁbaﬁgmBr sy d dbire con@-t+wns,

ocC

addi tionally conmpounffs of  fornula la in which Wi anL
el ectron-w t hdrawi ngl{noi ety have utility in L
appl i cations where rel’gase of the free protein is g,
requi red, for exaan;\ﬁn direct clinical applications.
An el ectronw t hdrawi ng noi ety Wnay, however, be
reduced to give a noiety which prevents rel ease of the
protein, and such _conpounds will also have utility in
nman ol YRe &ar; Qrndl and dik@hpBEaRpriat
Further, the fact that offte Whas been reduced rdverse
reactions can no | onger occur, neans that no exc
will be observed if a stronger nucl eophile is adde
Therefore, it becones possible, for exanple, to
PEGyl ate via a polyhistidine tag; reduce W; then
reduce a disulfide bond in the protein; and carry out
a sub uent PEGyl.afion across the reduced disulfide
bon@.os]‘le:g]in%goneg g 1

With respect to the protein, the histidine residues are
positioned in close proximity to each other, preferably
adjacent to each other, either in the native protein or in a
polyhistidine tag. Of course, polymers other than
polyethylene glycol may replace the PEG in the above
formulae. Without wishing to be bound by theory, the bonding

to the histidine residues may be as shown in the following

formula:
0 0 N/§N
PEG H—U—@—“—C %P tei
— rotein
\
N/\!_/
\=—N
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proteins, it may be possible to carry out such a
process w thout reducing the group W. Thus, for

W@@nsrs00 a noi ety Wceontaining a keto group negr/i582008/003409

reduced to a noiety Wcontaining a CH(OH) group; an
ether group CH OR may be obtained by the reaction of
a hydroxy group vvith an etherifying agent; an ester

C( e obt ai_ ned by th acti.on _of a
RO HTIE Ay TaTT A ot B Smird g p e alee
dgdsiid. CH NHR or CH NR2 may be prepared froma
ket one or al dehyde by reductive am nation) ; or an
am de CH NHC(O R or CH-N(C(O)R) 2 may bef orned by
acyl ation of an am ne) ?W which is

BB i B e G 6 BT ARERE oD, TRETPound of

HHORTE R RERAd 8 QUtyHiRH S Qlsvet Qe cloveRti thdrawing
m xture in which all reactants are sol uble. The

mu rPusdy dsenpunsige dvavs ruéadrltd’ dac tthemgietliyeslie because the
org)es%n%fOf telﬁ]e_‘Lr‘g/ee 165'n J%W'Pé'v% qr lulnld&r S%Qtable

aqueous reaction ne i's reac Ion medi um may
dn dififeersed, addﬁpﬁm)‘iarlgwn:dn’rp@upﬂdsr edfuifloamenias Iaf 1ihh®hich W
nucl eophi |l e. The opti mum pH for the reactiqn w.l |

Jg%r?é‘reﬂ]ref“dfé’rh‘tmite‘éjsrta‘“ﬁl M itdalPy Shétieert Yadout 6. 8

afarm abUlor Sind RNARIL Ao G505 btQ k018 Qequired,
or exanpl e about 7.5-8.0 but preferably about 7.0 to

fo15 exampls siuy pjrlrrsﬂm?g lHatl aHe aprdéess igecor dinnglegtron-
V& cljv i.nding ISt i di

rlrejcgui r}j(gpartlestﬁﬁar I%ﬂy [ n%ogﬂ%a}léym é’% e%‘élt&te? )t% lve a

nAis tG/ pdﬂlcﬁs didverrasiaurre Ineideods mhePE@plt@urnon aneind uich

suggest  t hat. _basi c ﬁba ndi ti ans Iead to non _sel ective

FESAEADH ! in AU i IEGH atliteh 1o PPN frd ésE pegndustrial
A dihain JAER atdan 4o inst.i diFe tihe rQptihd $edtatt Rl once w

6.0 to 6.5. Even then, literature methods suggest
hohdsesctyeghiced reverse reactions can no longer occur, means

that no exchange will be observed if a stronger nucleophile
is added. Therefore, it becomes possible, for example, to
PEGylate via a polyhistidine tag; reduce W; then reduce a
disulfide bond in the protein; and carry out a subsequent
PEGylation across the reduced disulfide bond. For some
proteins, it may be possible to carry out such a process

without reducing the group W.

Thus, for example, a moiety W containing a keto group may be
reduced to a moiety W containing a CH(OH) group; an ether
group CH.OR may be obtained by the reaction of a hydroxy
group with an etherifying agent; an ester group CH.O0.C(O)R
may be obtained by the reaction of a hydroxy group with an
acylating agent; an amine group CH.NH,, CH.NHR or CH.NR; may
be prepared from a ketone or aldehyde by reductive

amination); or an amide CH.NHC(O)R or CH.N(C(O)R), may be
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PEGyl ati on, including PEGylation to |ysine. The
optimal reaction conditions wll of course depend upon

W@ b@9sprsed fi c reactants enpl oyed, but in generBCT/GB2@8/003409

of a pH towards the | ower end of the above range wl|
end %g)l ncrease sel ecti vi tn%/ towards histidjne

A hY wHi & s Gt ATpHTHGRr ds A4 18 Ubper ity gfpich is a
dhehabovsug ange pi [ lediRd Y iErpask theud el d.

eaction tenperatures between 3-37 C are generally
suitabl e: proteins may deconpose or denature inpairing
function if the conjugation reaction is conducted at a

Thamperetene WHeRe (IRese 9t Qubisses ameip 10l ORESEM s
anduad ed, 1.1, Quganic r’E%@taar(tIfﬁo;arge’én &1 .FiTh%t BMotein may

acetate, acetone) are typica ucted a
hemeratad €0 upedad ahixeeritl yThel tir dtted camrournel of the general

ffectively canjugated with the desir.ed reagent i.ng
PTG ot 4 o T HEBHE £ S G EEeR of s
FEAGEIYn medidee BNk 1N e RTINS, HRUWRMRIINSIdIC& he pH
the reagents do not undergo conpetitive reactions with

RRIUEDIRNGREG PTudde rordlsiarhid r dtha eptimum PHhdes tihe
J.Isét)ac,c'ghlmy%iltlhege cgﬂal‘ig R Jeactdgn é’\."d,h i%‘ig%ltsﬁ(aetween

ol chi onetry of reagent. e excess reagent an
Foadud . Eandabeadi 18y. Ssefarmatetnpl d abexclarger 7.0 to 8.0,

hr omat ogr ap dELSJr' g.f u%j e purjification of

oL PR s dpat A TP Uls g Y, SRdtndr Oertgsd 5+ Tt
of somoudsy useitult Heofp redy digatddirdih @ Pl stdvdint€on is
tag is represented by a conpound of the general _
JOrGRA-E B Jigding (forratidinecrezdyes (payticelarly in a

G 2 54 Re NGy ba;ﬂ:\/?)hﬁ h%éﬁ%@é}%%lﬁ‘ev?r%t%%%‘ée’of

represents an €l ectron w thdraw ng group, and L
BESGyleseinirs teend to suggest that basic conditions lead to non-
selective PEGylation, including PEGylation to lysine
residues, and that PEGylation to histidine is optimised at pH
6.0 to 6.5. Even then, literature methods suggest non-
selective PEGylation, including PEGylation to lysine. The
optimal reaction conditions will of course depend upon the
specific reactants employed, but in general, use of a pH
towards the lower end of the above range will tend to
increase selectivity towards histidine binding, while use of

a pH towards the upper end of the above range will tend to

increase the yield.

Reaction temperatures between 3-37°C are generally suitable:
proteins may decompose or denature impairing function if the
conjugation reaction is conducted at a temperature where
these processes may occur. Reactions conducted in organic
media (for example THF, ethyl acetate, acetone) are typically

conducted at temperatures up to ambient.
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| eavi ng group. The direct product resulting from such

a conjugation process is a conpound of formula Ib in
wokiel4i800 s an el ectron withdrawi ng group. |f BEBEGB2@S/003409

this resulting conpound of forrmula Ib can be converted

into any other desired product. Specifically,
Qﬁ%uHHQﬁ?%MtQﬂﬂwﬁﬁrﬁfﬂﬁQEh¥§%§yCB@JPQ@G@QHW%£? the desired
efd 1 %ﬁsﬂ%ﬂ%ﬂﬂﬁﬂ@@rﬁkl%qﬂﬁ%EQ%%%do&e%g%QHg%E excess
t he general ornmula I'V has the general fornula
C[ﬂ\lhte@@e&rt,vvur(l@-kecm)aw otOld2) 2e802R tlsv (Hi‘afaf)ewerr,\/\hllme the
rgea&%)ecp %eg'{ostl uyn enriﬁ,]UbSC';?:n‘F ét eSleI'e Su\%'sg;ttllthlfllisegvl%rhylaqueous
r e en P,
neRtilzonale s Westddluettss pafct eselsgctied ifsr @@stsiese to conduct the
menti oned above for an aryl group contained in Iinking
%ﬂQﬁH9%510“aﬁ@%@tlQN Wifhygg excergy & todehheasitigs of reagent.
ahav t 0 gate of:th
geng$%l foﬁﬁ%gﬁnﬁngﬁﬁ%h% %Q%QBCQ(@a%C%% e S&éﬁgffpffated by
ivwr( Ieogdhanqeesmr;meaft@qr@@h@ompmun@s roprtefer @bﬂryif\idag,i@n of
an I1prefer ' presents an integer of froml
e ésp%c:l é’i Isfpf1ra oéIf EFABPy WS E)Lresents a CO
group, and Wrepresents a CO group or a CH OH group.
Preferably R represents a C _4al kyl -aryl group,
Peméreiraldl)aq;; tod] ydompRrefder alsiey uAr fiog aenjngaydmiot Goead
rau Preferabl al kyl ene gl
ﬁ%0|aqp% Iyé%hfi 5% sf@oF% % %abf%lreac F%ﬁ%%e general
ﬁﬁﬂmmﬂa :0ns for use when morklng wi th reagents of the
general fornmula IV are the sane as those discussed

above in the coméxtW of(CHeagent $CHi) caddvi 1. 1t i dIV)
bellev d that the conjugati on process usin ent
b Ry o Gechds Teae: R SerRirey Gl SBBeE,

ﬂéﬁﬂﬂggﬂﬁéﬂéh electron withdrawing group, and L represents a
leaving group. The direct product resulting from such a
conjugation process is a compound of formula Ib in which W is
an electron withdrawing group. If desired, this resulting
compound of formula Ib can be converted into any other
desired product. Specifically, an electron withdrawing group

may be reduced, as discussed above.

A particularly preferred reagent of the general formula IV
has the general formula IVa:

X-=[NH-CO-Ar-W’ - (CH=CH) v~ (CHy) 2—SO2R ]+ (IVa)
in which Ar represents an unsubstituted or substituted aryl
group, especially a phenyl group, in which the optional
substituents are selected from those mentioned above for an
aryl group contained in linking group Q; and R, W', v and v’
have the meanings given above; to produce a novel conjugate

of the general formula:

X— [NH-CO-Ar-W- (CH=CH) = (CH3) 2-2 ]+ (Ic)
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conmpound of the general fornula X- [Q W-(CH=CH)
-CH=CH2]Vv' (V) inwhich X, Q, W, v and v ' have the

WOre@nio#§80 gi ven above. If it is preferred to gRCIEGBRE@®S/003409

t he conpound of the fornula V above i situ in the
resence of he | ecul e t conj ugat ed, .a

oIt Y 5 ST B S P T o dHgus and

ﬁé@éf@slya}'y,réﬁrééedt% FHr?fﬁ{treQﬂart Q enRate tdde,
conpound ‘of the fornula V above in a separate step and

@Hﬂé@ﬂelmw adtr afier afdledll e arr erdenjaugdt gradpe and W

1€ h
WP XS ML S luthgfond L
=4 fedd L ag rdlggh Joqtld—ar ya‘Ld Igmﬁrp ,p:éhs(p@cg,riol&yo p]tc—dl A.\8).
nti oned above, dependi ng on the nunber o
Efﬁ%r%ercﬁ%ﬂgy repé%IJOElJ rb‘\‘bdg’é%ﬁ Y&né’rﬁé’i%/nerPrr?df;‘?rably X

e £onjugatigm 4 glwdlabléﬂyﬁa@lry NG dthiyS dne SQPMB1 .

schematical 'y in Figure 3 For exanple, twd pol yners
coul d be conjugated to a 6-residue polyhistidine tag.
This provides a useful nmethod of attaching nultiple

W%ﬁlre MEAIED e igrisne forThisse Wrbefoeé@medflth
f/gged&a 'osf W@%Jeoraqbtﬁer‘gnu ah Ig/h a']f%l et&% %ral‘ﬁ{%' %@t those

pro uct” using a 1ower ar weig

dil@igsead GO envilre dilearc omeegtit qfradmgenm rIg talnndeéII
20kD PEG chains; or when it is desired to add two
different polyners, for exanple a protein and a PEG

0 t r ot obtaln |.t e effects;. or to
:%%h|e3% ‘%&“g}ghp e, IS0 n§i|on an§e§§GyS§Pﬁbn reagent

@& Sfidrgiel S tBp.prowede druhiiigp |t e dy rugatiiosn dfS aof tietermediate
difficult to achieve with conventional conjugation
FERNBIDRE M yPededi AN n free cyst ei ne

resi dues quk?r d'@ﬁHJHHq%—CH=CH2]W (V)

in which X, Q, W', v and v’ have the meanings given above.

If it is preferred to generate the compound of the formula V
above in situ in the presence of the molecule to be
conjugated, a relatively high pH is suitably used throughout.
Alternatively, if it is preferred to generate the compound of
the formula V above in a separate step and subsequently add
the molecule to be conjugate, the first step is suitably
carried out at a relatively high pH (e.g. 7.5 to 8.0) while
the subsequent step is suitably carried out at a lower pH

(e.g. 6.0 to 6.5).

As mentioned above, depending on the number of histidine
residues present, more than one polymer may be conjugated to
a suitable protein, and this is shown schematically in

Figure 3. For example, two polymers could be conjugated to a
6-residue polyhistidine tag. This provides a useful method
of attaching multiple polymer residues to a protein. This

may be desired when it is wished to obtain a high molecular

22



10

15

20

25

30

bri dges, and the conjugation reagents used to prepare
t he novel conjugates of the present invention may al so

WO 2@e418a h exposed cystei ne resi dues and r eduR€HGB2008/003409

di sul fide bridges. Dependi ng upon the reaction
conditions and the structure of the protein, they may
éﬁﬁ%ge.g. to

Wt RMAMUS I H S %S RS FiRdestdRde Ed Fda

My Distdolimend eI AUES W P Prrivstd HsN@dt *Bree 20kD PEG
Therefore, if it Is desired to conjugate a protein
ofte gt ;comt ailven sidch snolestiired &9 weld tao glifferent polymers,
al yhisti.di ne tag, .suitable ockin ns. nmay .be used .
%ﬁrr%ﬁﬁﬂﬂ%ﬁiaFﬂﬁéﬁg&ﬂnﬁngPaSUCG’WEPe%ng'ﬁﬁy rétgﬁgcéngbtaln

]t el gt it sy tdY a o eagdriveGOrfloes pemRctipl@ ,t gliliesylation
general formula I'l, II1 or IV given above in _which the |
aﬁtﬂ )Pr?égryliastlé’nr eltatd @érsgh%\ﬁtﬁﬁl'ecﬁl%h \Wé‘il&ﬁlplﬁoicé’w.ugatlon

1O 448t 1A 10 fihe Y stdrdieRe KAhdUesvaRY 1R8N RBnjugation
carried out using the desired reagent. The conpounas

tofchrivd aganeral fornmula | have a nunber of

applications. They nmay for exanple be used for direct
clinical application to a patient, and accordi ngly,

Mdi presesiing reiddion firged Restprioel desiadlues and/or disulfide
phar maceuti cal conpositiaon conprising a conpound of

RHE9S e D o gaHMTaAkIOR ZeprantEc &Fecc & yprepare the

RELEPIAN LT & tHe Jraentd QR vkurtiRer RRoW1des rRact with
conpound "of” the invention for use in therapy, and a
argtdredl ofy stredats nop s Jeats emid  wieidelieecodisiudds de bridges.

dm nj.sterin har maceutical | y-ef fective. amunt of
DRESSHOI Y6 i Rar e S RS A Bt PO ZORording i8S OFf
tiHe groteitn, 0 HeGy il pafactntvi tAnpudeSimod@ties in preference
pharmaceutical effect, for exanple trauma treatnent,

EhZARRE g9 dbderdtisthddng FesepiigSerBne, PRduhkdstidine tag.
ARITRNE i ff H N & MEleq 30 IdRGLIRL @ Ybrotein which
anti-infective, immunonodul atory, “vacci nati on
contains such moieties as well as a polyhistidine tag,
suitable blocking means may be used if required. For
example, such moieties may be blocked by conjugation with a
reagent corresponding to the general formula II, IIT or IV
given above in which the polymer is a relatively low

molecular weight moiety. Conjugation to the histidine

residues may then be carried out using the desired reagent.

The compounds of the general formula I have a number of
applications. They may for example be used for direct
clinical application to a patient, and accordingly, the
present invention further provides a pharmaceutical
composition comprising a compound of the invention together
with a pharmaceutically acceptable carrier. The invention
further provides a compound of the invention for use in
therapy, and a method of treating a patient which comprises

administering a pharmaceutically-effective amount of a
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or anti-cancer, nmay be obtained by suitable choice of
protein. The conpounds of the invention may al so be

wa@g@dosrsomoncl i ni cal applications. For exanpl ePCHaB008/003409

physi ol ogi cal |y active conpounds such as enzynes are

able to catal yse reactions in organjc solvents, and
AL TR THRRGHT S ImePHe UdeP RGpailing o the

AR catd ans .« fUrddterfen tCOMOHUNdfe Of r dN @ HAWRING AN JBY effect,

be used as diagnostic tools. "Conpounds of the _

f o eantdraml reiyrd uned Udee afmeantagi ang yafe riep fagremstdnplpr ot ein

radi o nucl.eotide, . to _enab trackj. of c und

%e(ﬁﬁ?ﬁﬁeﬁﬁka%ﬂ%)%ﬂW?qég%ééﬁﬁ’eaﬁﬁgﬁgIﬁgmgggépgggg]

iof Mepeptt aley, antt badyfe anitvdyodynrfuragmenila tenaymaccination

cyt oki ne, chenoki ne, receptor, blood factor, peptide

Hordfone, Cansa T, W%%ﬁ?tﬂHEQEM“bﬁﬁtéqitQQJQHﬂqﬂ%ﬁQWQf

ﬁyégéﬂﬂL The foll ow ng gives sonme specific proteins

whi ch may have utility in the present invention,

dependi ng upon the desired application. Enzynes

i ncl ude carbohydrat e-specific enzynes, proteolytic

Bz yeamp s el |thee irmeniien dfay mlaede w Bax mon-
indust 14 g 1 a r [~Qns i.Ql.0gi cal

I Al Do SRk ROy
adart ipar tdaup@mdancdwde dasheeroindor eductadsles,to catalyse

transf erases, hydrol ases, |yases, isonerases : .
1 1 Go i VAT iy 08 VEnERo, 337 SPBRIE Sipyes igrent ion
hdY &5LStsd Gl dth @S RAPAGIASN Al ghiladr ARRRTUIRIs of the
deam nase, superoxi de di snutase, catal ase,

Twantigpaiay, 1e piesd an ideaemoshiig asilfoxi deswounds of the
%x}écrpcsl%rp)ﬂaggfl clglééc%nomn%%'sig‘lgsg% gctt Osfofia%gcan?l%(ae a radio

ucocer ebr ase, glucuro Ut am nase
praites tnisdeys e ienakdrpduredskiofg tdfe tree Semtpdumdenitri orivo.

The protein may for example be a peptide, polypeptide,
antibody, antibody fragment, enzyme, cytokine, chemokine,
receptor, blood factor, peptide hormone, toxin, transcription

protein, or multimeric protein.

The following gives some specific proteins which may have
utility in the present invention, depending upon the desired
application. Enzymes include carbohydrate-specific enzymes,
proteolytic enzymes and the like. Enzymes of interest, for
both industrial (organic based reactions) and biological
applications in general and therapeutic applications in
particular include the oxidoreductases, transferases,
hydrolases, lyases, isomerases and ligases disclosed by US
4,179,337. Specific enzymes of interest include
asparaginase, arginase, adenosine deaminase, superoxide

dismutase, catalase, chymotrypsin, lipase, uricase, bilirubin
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i nclude for exanple factor VI, VIII or |IX and ot her
bl ood factors, insulin, ACTH, glucagen, sonmatostatin,

WG a0 etspopi ns, thynosin, parathyroid hor none, PCT/GB2008/003409

pi gnment ary hornones, somatonedi ns, erythropoietin,

| ut ei ni zi ng hornone, hypot hal am c rel easing factaors,
At IR r EHUC IS BER S Sor AU LPR 4SS igfLosidase,

JNI&SE S NS s G QY St AL G o, a0 S iHEIRQI 0Dbi n,

cyt oki nes, anti bodi €s, chorioni cgonadot ropi n,
follicle-stinmulating hornone, thyroidstinulating
”I{}ﬁer mmo ainds t isses el | asrnrriorho sn %CttihVat ANesert rtianivrgan%fion

e Hbove b ot hs s uchtas Te Gnterd &UkiSTe,
i erdeerins anahgld ayetsid mimt ivig 1f aat ans aalds e t@xrstblood
i n nonglycosylated form usually the result of
TRt i 1619 Wyt e d6nBl n&H GRS ei F et Ried s The

g&ﬁstgitylgogﬁxlsat %Qﬁﬁ{ﬁrﬂn%w_h@%&%%éﬁ&%‘%l rg;ig%&mtary

invention.” Qt'her ‘protei'ns of interest are al'l ergen
lprwieias, i oged ins , Draehorhg ogto it i0r,i tLutRewn i Zingr dyw.rmone,

Dr u rri.er st. .(199 6 315 365 as havi nqg reduced
T T o Ssis s ot i e by A BiHeE
el hadalky | ierte xaxd uden Hnd rie@isequey, | e ys Witialleting

for use as tolerance inducers. Anong the allergens
ﬁﬂ@&%ed“%%ﬂee&yérﬂ]ﬁld@?faﬁtﬁg*%&%@ée venom mte

A AL QUL ING e, DMOARAIRGRNURS R HARne, thyroid-
I mmunogl obul 1 ns, oval’bum n, i pase,

gl imolceriety desimese drettiissud ipdsisamiplogem magervator.
activator and glycosilated interleukins, interferons

and colony stinulating factors are of interest, as are

i munogl obul.i ns such as 1gG I1gE, I1gM, .1gA, .| and
(NS T SO SR SHhEgT 60F 47 Tasaiears
ok o f Gdih Rirddi g o tRl ikt 13rd rintikedes A exist in non-
anti body fragments which are use

glycosylated form, usually the result of preparation by
recombinant protein techniques. The non-glycosylated versions

may be used in the present invention.

Other proteins of interest are allergen proteins disclosed by
Dreborg et al Crit. Rev. Therap. Drug Carrier Syst. (1990) 6
315 365 as having reduced allergenicity when conjugated with
a polymer such as poly(alkylene oxide) and consequently are
suitable for use as tolerance inducers. Among the allergens
disclosed are Ragweed antigen E, honeybee venom, mite

allergen and the like.

Glycopolypeptides such as immunoglobulins, ovalbumin, lipase,
glucocerebrosidase, lectins, tissue plasminogen activator and
glycosilated interleukins, interferons and colony stimulating
factors are of interest, as are immuncglobulins such as IgG,

IgE, IgM, IgA, IgD and fragments thereof.
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in clinical nedicine for diagnostic and therapeutic
pur poses. The anti body may used al one or may be

w@owalogrstd y conj ugated ("1 oaded") w th anot her PEE/GBR@®B/003409

nol ecul e such as a radioi sotope or a
%t otoxi c/anti-inf ective drug. Epitopes nmay be used
GoPaFAdGUaT dm HedF Sfito dFGe T&T PPN Ggéhild 95a1dy Rdnding
ﬂyéyéyﬂé(gﬁaléﬁgfhodgg%f‘H&‘QNtH%o@&a@Q%%%ehkgu%%ﬁ%%eare used
the 1 nvention. Results of the Exanples are given in
irhe ldodorpamedig iFieg foes d4atg@ozctlc| rantdhéhEmnmluésc purposes
roteln c{o %Npu%% alnlngo% %Phy S%&ya % con ugated
S Yedl%ués bét & syfiderei Todental mirng °a - e

(Palogiest ) divie H a:@mthheS: hitsii dirnéolesiudéesuser asused.
In cardiac tissue, brain natriuretic peptide (BNP) is
G &F @ LYFCAPRIG/aditd préestdore CFgpr o EBBPPes

agMEchéé% @d%aW%%dqﬁaQ %Ee%%e%rbﬁudgwgn 1%&%n%@bﬁ9c polymer

pro-BNP. Beta synuclein is , soluble
-preatogien nf @emd yyeitearily in brain tissue, and has a
chaperone-like activity. Other proteins used are
Interferon a-2b, endostatin, an anti-TNF al pha domain

ﬁﬂgiﬂ@ﬁibwﬁ&@ﬂm&ﬁhpl@&aﬁﬂHﬁslratbzth@DanBEG&h@hiOnR@Eults of
Hi s 6-proBNP PEG reagent structures :12 kDa PEG
then SXSHLGITe TSt AICETRr 1Y 2Ne) ARgSMpREyANgd figures 4 to 20.

a f.th i | r
%Ct;a% tﬂx%g’np%ﬁls; n Irﬁo%@sﬁosz Eﬁgt fgwbﬂﬁfclg)zlf‘t %tl%ge an‘%bhfyhastldlne

thgurod, 6TWG sdliidjuest sesfi detser mnmalbeaahlsgmud:llﬁent @g@é@lnlng a

eam ab542 ) in pH 7.8, 50 nM
OGRS eEe (10 Tnt L L8 g e e Ve Bl 188 %on TP
dageiiard tikemesi tm%rlnl mlraﬁ;r@qulcv@e@mtld(ew pnespect
to protein concentration) or nol ar equi val ents of 12
RO heEG 286h G Ss @ florde aere é‘&dé’dp(ff%lrﬁl?ror prepro-BNP), which

is cleaved by proteases to form a 108 amino acid pro-BNP.
Beta synuclein is a small, soluble protein found primarily in
brain tissue, and has a chaperone-like activity. Other
proteins used are Interferon oa-2b, endostatin, an anti-TNF
alpha domain antibody fragment.

Example 1: 12 kDa PEGylation of Hisg—proBNP

PEG reagent structures:
O SO
H T ( >
PEG—N
(1) SOQ_<: >—
pH 7.8 H 0
» PEG—/N
(2)
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4.8 nmL respectively). The reaction m xtures were then
placed in the fridge and left for 16 hours. The

WO e®al04ismy reaction m xtures were anal ysed usi P@T/GB2008/003409

SDS- PACE for size-dependent separation of their
constituents and the resulting gel after staining W|th
I nstant bl ue stain (Novexin) is shown in Figure 4 . In

1 L pEG dd- g driabelded dVushoveyhhe oy palidiiP by

protein markers (lnvitrogen) used as cal i brants. The

Irenvbdtaleal |odd tBe PHGadd st siud fiome  dapluetyfreHi(@)) in pH 7.8,
R BNPass I|e ( / ndA| an

‘:’l%_rrpmﬁér)lSf’)?j plhsa(%c?btbéllef%g]& rl?i;n mﬁ)mLi eqU| valhé)ﬁltrsof Two

alZ ddoa PG I'Oi‘—&(étrinﬂﬁham 6w ¢ iand ddhews alards proavel | (@thcam,
c, D and E which correspond to a nono- PEGy| at ed

16 Pedy 1ia & pr-Gduc® aWd sedivpegfiospegte (10 nL,

(PrSO /ter esRest 'c\ﬁe_LllﬂedT%% liQuer; bangsn lakelled A-and
B correspond to unreacted H'S -proBNP and the inpurity

dquitved esuppliviigd s@mplestr é@p@cmtmlny cobgeatIaitgon) or 3 molar

obt a| ed fro val ent s kDa PEG reacti on
e Fnave Dandic Mkl e (%8s e o ML o

4ccar rwmdalwdmno RRQy Iratzed iphoau et urdis- REGE ahed placed

product_and tri - | at ed pr oduct respectively. The

irovdre daidge Iaé‘lS’eIH B%nd Aht?é‘rrlsespond to unreact ed

H's -proBNP and the inmpurity in the supplied sanple
respectively. The gel was then also stained with
Ther ingaulddinge rf6@|ct\z'4'osu aliixsatriesn wefr ePEGaiytste ot hl@imels &$DS-PAGE

hovvn i n Theb nds | corres

it oA PRE Bl SRR £ SOBLFed Rt IhNa Thgngad the
dahgldied; Bel Bfard Etm'rﬁhlq:@rlﬁ:elsg@lﬁdah(t @1ue stain

nono- PEGy!| at ed produc Gyl ated product and tri -
PegAxindd 5 Sheen ﬁé&ﬁr@eﬂy TRe HigheEe Bandde lane

'a%téql'e%d vB sm%%w ANBHRUNE HaQ U 8REH 8 riFirk e xR QBNR i trogen)
and the inpurity in

used as calibrants. The band labelled B in lane 1 is the
sample of Hisg-proBNP as supplied (Abcam, 1 mg/mL). Band A is
an impurity. Lane 2 is obtained from the 1 equivalent of 12
kDa PEG reaction mixture and shows bands, labelled C, D and E
which correspond to a mono-PEGylated product, di-PEGylated
product and tri-PEGylated product respectively. The lower
bands, labelled A and B correspond to unreacted His¢—proBNP
and the impurity in the supplied sample respectively. Lane 3
is obtained from the 3 equivalents of 12 kDa PEG reaction
mixture and shows bands, labelled C, D and E which correspond
to a mono-PEGylated product, di-PEGylated product and tri-
PEGylated product respectively. The lower bands, labelled B

and A correspond to unreacted Hisg¢-proBNP and the impurity in

the supplied sample respectively.

The gel was then also stained with barium iodide for

visualisation of PEG with the result shown in Figure 5. The
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the supplied sanple respectively. Lane 3 which is

obtai ned fromthe 3 equivalents of 12 kDa PEG reaction
WOorRoov4wsoshows a band | abel |l ed C which corr espeC&BR@8/003409

unreact ed PEG reagent and bands labelled D, E and F

whi ch correspond to a nono- PEGyl at ed product, , ,

RANBEG)) HAF pr GRICIE Y 52 PESASE fifdadgagent which is

raspecdd el Yand hisadewerseandsy o akeldgd B @A correspond to
correspond to unreacted H's 6-proBNP and the inpurity

d marire- Rifpld tedl qargsiue tresiiedilGialat e Eramsiuet2 and3ri-

P atio f H.s6-pr.oBNP 3 PEG or.sul.f
El(ﬁ:‘é?yrluaclftt%/ur é”i%;]ucfocr ollr_éS )?%v;%% ) %m%gqﬁrwgﬁa;% %’“’y ld¥tled B
drit Ubadd are gforidh e PE@ eias>tsad fHing-pgbBNEt aned ¢hy fimpority in
exanple 1 ) in pH 7.8, 50 nmM sodi um phgosphate bhuffer
) FTRPRYCS 2 Yo dreSPefld Va1 liYqudtediSor & hiliFa ol aned

g e tagged IRABNR { Abeam; al&l 400 i PRi4t&hre®Ghows a
nM sodi um phosphate (10 nL , 0.5 /m.) were chilled
emd clelidiiere i@ hdrich ragirare sgrpuidzaltentunngadt ace Yéctrepgent

rptei n, congent.ration), or i.val ents of 30, kDa PEG
BBoS Ty RSN . e 15 Dot KB PR
rrEspecidd e nhducthhelir-eadyilen st idiric tpladced din FHBY 1ated
fridge and left for 16 hours. The resulting reaction
HhodUfite s SRS e Yoed N iRy eSDEPASE flgbelled B and A

& AR dEReNdentyiRRaTRld on QlpkbEneoRsHI tHENEBpaRdtyhen the
resulting gel after staining with Instant blue
Ju¥oMeddch)sdmp IshovesractRivgpiye 6 . The | ane | abelled M
shows the Novex Sharp protein markers (Ilnvitrogen)

used as calibrants. The band |l abelled Bin lane 1 is

Haansland € 30 il FEgyleRNRm S Hipl-pdoBRBPeam 1
ng/mL) . Band Ais an inpurity. The lane |abelled 2is
obtai ned fromthe 1 equivalent of 30 kDa PEG reaction

3tti XEDH ey SHOWR; 18 Rndss trakeldred @)W rdh ea@RRONTS was
0O a
prepared by incubation of the PEG bis-sulfone (structure (1)

from examplie 1) in pH 7.8, 50 mM sodium phosphate buffer

(10 mg/mL) for 5 hours. Two aliquots of C-terminal 6 x
histidine tagged ProBNP (Abcam, ab51402) in pH 7.8, 50 mM
sodium phosphate (10 pL, 0.5 mg/mL) were chilled on ice then
either 1 molar equivalent (with respect to protein
concentration) or 3 equivalents of 30 kDa PEG mono-sulfone
were added (2.0 pL or 6.0 ulL respectively). The reaction was

then placed in the fridge and left for 16 hours.

The resulting reaction mixtures were analysed using SDS-PAGE
for size-dependent separation of its constituents and the
resulting gel after staining with Instant blue (Novexin) is
shown in Figure 6. The lane labelled M shows the Novex Sharp
protein markers (Invitrogen) used as calibrants. The band
labelled B in lane 1 is the sample of Hisg.proBNP as supplied
(Abcam, 1 mg/mL). Band A is an impurity. The lane labelled 2
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nono- PEGy| at ed product and | ower bands, |abelled A and
B which correspond to unreacted His 6-proBNP and the

WO pgpao#1590 i n t he supplied sanpl e respecti vel y. PONEBR@AM03409

| abelled 3 is obtained fromthe 3 equival ent of 30 kDa
PEG reacti on m xture and shows bands, | abelled C

d
Y5 TG RSSF i e of (P HOTER Ry 1%k P gl s decton
rﬁiixﬁﬁ@laﬁﬁ&dsrwsd%tbgmq%é@éa g QUelc RS onds to a

| abell ed B and A which correspond to unreacted H'S
mww@%mam@nmu tand nlawesr shmma,edaémiﬁlaeﬂ A and B
res ectively. Th el dhe S e i . .
TERREC LoD SR ARt ALREd e smpueiey

1esiid ifpeled sEMOMN ddsgdglinge 1% .. THe laanre lakalled 3 is
M shows t he Novex Sharp protein markers (lnvitrogen)

R R AR S eHE FaRh éﬁ%ﬁoedm@ .Prlr?q HifRCL it mixture
;;rn? sﬁ%@ Dfadd 9 HOrER a%aHaphide AheaBerbnd to a

d Ai's an inpurity. The lane I"abel Ted 2 15
m@mﬁm threo du @y L nvdh | BNt P ETY 130 eldDap riREB ate astsipere t ive ly

B B2 05001 B0 200 o S Shosesponds

WOrgaspands 4,6 paoBRG affauthky impandsyl ahekhedsDpplde& sample

and F which correspond to nono- PEGyl at ed and

oF SISE it lett products respectively, and | ower bands,

| abell ed B and A which correspond to unreacted Hi s

6-proBNP and the inpurity in the supplied sanple

Thzespmﬂt e whe'lfhallm§ﬂaaib§ld ed t3 ibs rahtmaiimed der dart he
ivalents o PEG r eact.i.qn mxture and shaws

SEHREET o OFITR (R oS i e AR et Figure

T eagentlarie bank 1laheIM ethdwavineh Nearfgxe Spengs ;ix@t@laE@arkers

Impurity, bands | abelled D and E which correspond t

HoHo- PEEA™NL P thd SicPEGA S pridgudasd labelled B in lane

1 is the sample of Hisg-proBNP as supplied (Abcam, 1 mg/mL).
Band A is an impurity. The lane labelled 2 is obtained from
the 1 equivalent of 30 kDa PEG reaction mixture and shows a
band labelled C which corresponds to unreacted PEG reagent, a
band labelled F which corresponds to a PEG impurity, bands
labelled D and E and F which correspond to mono-PEGylated and
di-PEGylated products respectively, and lower bandé, labelled
B and A which correspond to unreacted Hisg—proBNP and the
impurity in the supplied sample respectively. The lane
labelled 3 is obtained from the 3 equivalents of 30 kDa PEG
reaction mixture and shows a band labelled C which
corresponds to unreacted PEG reagent, a band labelled F which
corresponds to a PEG impurity, bands labelled D and E which
correspond to mono-PEGylated and di-PEGylated products
respectively, and lower bands, labelled B and A which
correspond to unreacted Hisg-proBNP and the impurity in the

supplied sample respectively.

29



10

15

20

25

30

respectively, and | ower bands, |abelled B and A which
correspond to unreacted H'S -proBNP and the inpurity

W0 poovle7ssuppl i ed sanpl e respectivel y. Exanpl e 3PCT/GB200B®03409

PEGyl ation of Hi s8-beta synuclein and conparative
eactj on, w i.ne beta synuclein 12
REPHAL: Hord AHT SRSAkIRR e Himp beom SYaAGEELs fnd
¥ LPRFL drdh QL iidic Hﬁaﬂi %&Hléfﬁﬁh%iﬁgg%d Peta fs§huclein
structure (1) fromexanple 1) inp H7.8, 50 rtrM

sodr um phosphate buffer (10 ng/iriL) for 5 hours.

t t
P 0 mgls PR, ehindid ] LIy @a%glﬁ
picehared by Mrsnﬂbanncphoﬁprtatee HEIO hds-sul3Mheng/strjucture (1)
were chilled onrcet either 1 Iar ur\f@l tbuffer

faan IRttt i@ é’r%t eitn Sh&ht
(?rqwnvga,lnmt s 5 Wbl REG non u%’l'_lsf dﬁ‘@%&l%@qe@ x

6 ML or 4.7 nL respectively). The reaction was
ftlrﬁetnlcblrm:etcaqqed Hree tar isdigar calred 1l eftbdas CBt6 Wour 2b4PRd 5,

‘??‘4'8"” 'HW rorebharul hao%@ryasc%d ‘ﬁ)‘ 0.39 mg/mL)
A & i (Y &

gt size ependent separatiron
mtcﬁﬂﬂrﬁcs candddwe:rreeswﬂﬂhmg: gl.e|mcdfatrerecﬁilailaﬁjelmg: Wintift h
I nst ant bl ue ((Novexi n) S shovvn in Figure 8 _. The

SRS T atiel |RP 1 Sh SIS TRV St P Gt SRSk &fs 12 kDa
HHO VA ALA8M I Gt S LRIdPr @ntes piThe band JiaheldretBvely) .

inlane 1 i s the sanple o f His 8-beta synuclein
Bpptdadt o1y wisedher0 8 aggichiin thBard iAlde @ingh left for
1'%%11{9’: The lane labelled 2 i s obtained fromthe 1
equivalent o f 12 kDa PEG reaction m xture and shows
bands, | abelled C and D which correspond t oa
rrono PEGQy!| at ed product and di - | at ed _pr oduct |,

TR IO TGS I G AV 8 Ve D5 PAGE

Mrseﬁr@r&gerraérﬁr e84 tHicyg-d¥etid s constituents and the
resulting gel after staining with Instant blue (Novexin) is
shown in Figure 8. The lane labelled M shows the Novex Sharp

protein markers (Invitrogen) used as calibrants.

The band labelled B in lane 1 is the sample of Hisg-beta
synuclein supplied by Abcam (0.8 mg/mL). Band A is an
impurity. The lane labelled 2 is obtained from the 1
equivalent of 12 kDa PEG reaction mixture and shows bands,
labelled C and D which correspond to a mono-PEGylated product
and di-PEGylated product respectively and lower bands,
labelled A and B which correspond to unreacted Hisg-beta
synuclein and the impurity in the supplied sample
respectively. The lane labelled 3 is obtained from the 3
equivalents of 12 kDa PEG reaction mixture and shows bands,
labelled C, D, E and F which correspond to a mono—EEGylated
product, di-PEGylated product, tri-PEGylated product and
tetra-PEGylated product respectively and lower bands,
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synuclein and the inpurity in the supplied sanple
respectively. The lane labelled 3 i s obtained from
w0 b@B4msoui val ents o f 12 kDa PEG reacti on m xeC¥/6B2a09d/003409
shoms bands, |abelled C, D, E and F which correspond
0 .a nono- PEGyI ated product PEGy| at ed produc
e P Tt B G S R gy Laeed s dies beta

JdRsRadinvelng and |iowRiriRgnds, l-akelsh@p1B and opial ch

correspond to unreact ed H's -beta synuclein and t he
degnadtiyely .t he supplied sanple respectively. The gel
was then also stained with bariumi odide for

vi sual i sation of PEG and the resulting gel is shown in
THegWed Yas lthdn Glrss $tainke Waned bakdellhed ddisleowsrt he

Novex Sharp protein markers (lnvitrogen) used as
Uit iothel &f¢ 12askititéd resid tdBPaidtdd 1 shevn in

qgﬁeb@t a 13y MBI AS HePRkingd 1Ry A eaMy E'Fl%wlsaQ‘Ple Novex
IIed2|sotalnedfromthe1eqU|vaIent of 12 kDa

S:PE@IZT @acitiecdm maxthars dddlvgltameba\nd§eldaka@l IC@dl@r,anD The
and h _caorr.espond .t mono-.PEGy] a t
Eéé?]ﬁ.&?q.J.uégﬂgh&egﬁﬁfﬁgeyﬁg % E gyglh as

pr O
srwa@d W Mboamd IToaen shandspellakel |ZedsBoauﬁt(i1Ae\lﬂl‘lif(rh>m the 1
correspond to unreacted H s8-heta synuclein and the

SHPAFL G Rt He SispIREEd reambHemr é‘éﬁéé‘trlevélr’;‘/i SPRY'S| RRads
ﬂa@%qllle%d 3 i’ o0 & ned d @@rrla%p%n@q%vd %h%-@fm%ated
PEG reéaction mxture and shows bands | abel | ed
panhuttF whi-dlECodrartesh e dus ta amon § TREGRIGatLed epr @d@dﬁlct
|-PE t.ed Rr.oduct . th PE r od nd
pec%/}él@ﬁ Y4t & dglric? et braéléjﬁégl velﬁg,e%a%dlél c()jv\z\ wkr)]alr?

dc&h@dp@dchtaﬂﬁilrﬁe\Wt@ai ¢drspespoadsyoudbeeached ths 1mpur1ty
-beta synuclein and the impurity in the Ls}u%l%;lle

Sarhpice SBEHEE VTP L eBRPPEC S B IR Rp ARy Labelled 3 is

obtained from the 3 equivalents of 12 kDa PEG reaction
mixture and shows bands labelled D, E and F which correspond
to a mono-PEGylated product, di-PEGylated product, tri-
PEGylated product and tetra-PEGylated product respectively,
and lower bands, labelled B and A which correspond to
unreactéd Hisg-beta synuclein and the impurity in the

supplied sample respectively. Band C is a PEG impurity.

A comparison 12 kDa PEGylation study was performed between
Hisg-beta synuclein and non-histidine tagged beta synuclein
(Abcam. cat no. ab48853) using 1 equivalent of the PEG
reagent (2) at pH 7.0 and the SDS-PAGE result is shown in
Figure 10. The lane labelled M shows the Novex Sharp protein
markers (Invitrogen) used as calibrants. The Hisg-beta
synuclein result is shown in the lane labelled 1. In lane 1,
the band labelled B is unreacted Hisg-beta synuclein and the
band labelled C is mono-PEGylated Hisg-beta synuclein. The

lane labelled 2 shows the non-histidine tagged beta synuclein
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A conparison 12 kDa PEGyl ati on study was perforned

bet ween Hi s8-beta synucl ein and non-histidi ne tagged
wheaa/osxmucl ei n (Abeam cat no. ab48853) usi ngPAT/GB2008/003409

equi val ent of the PEG reagent (2) at pH 7.0 and the

SDS- PAGE result i s _shown | e 10.. The .l an .
TSR0 WD s TN NP LGPl b it dAR S FRofs and is the
I ild1ad8Me USRI eas petlal @i eibhe THese8iBehad PEGylated
synuclein result is shown in the lane labelled 1 . In

Hratein barse ipad@nealBel led B is unreacted Hi s 8-beta
synucl ein and the band | abelled Cis nono-PEGyI at ed
Hi s 8-beta synuclein. The |ane | abelled 2 shows the

Exampilies t4 :did0e kibag PEGylatta osy mifc Hiisgrbatai synactieihne
only visible band is | abelled A and is the
non- hi sti di ne tagged beta synuclein. There is no

ﬁE@daatpert; MoLisn1Fe iRdaRe e @yampbe éxam%@ek@ﬁl was
PEGyl ati on of Hi S8-beta synuclern 30 kDa PEG

prsmerad fooh e nesoagdom @ £ Thef Pon Sdgmsiud fonp fg§ructure (1)
f ot > f
PR, WD, PR PR fary bucres
gmdm@nmphosnhaﬁehbm&%erA@l&lﬁ@h@t)oﬁom—ﬁehmdnal An x
al uoltéﬁ of N-ter rgeg%hﬁg@gfci“ di ne ta 93%b93§35501ﬁmk13a in
piodi Wyn rstm@t@oelmpgﬂes,ph%t@ rm/ mi) wasochigl/hed @as

|ce then 1 nol ar equi val ent (mnth respect to protein
c&udd@«rt oat iies) téer3d Kod aPEGCIEYGSMt dwa thagsegaged to

b @l donc TG el . was el 3660 M Bfef Lad98aded

our e resulting reaction m xt
Massanalygm@ myamylsaSwBAGEhkmrpmazeddememﬁenﬁrldge and left
3#§§}on of its constituents and the resulting gel
AT ng with Instant blue (Novexin) is shown in
Figure 11. In Figure 11, the lane | abelled M shows

The resulting reaction mixture was analysed using SDS-PAGE
for size-dependent separation of its constituents and the
resulting gel after staining with Instant blue (Novexin) is
shown in Figure 11. In Figure 11, the lane labelled M shows
the Novex Sharp protein markers (Invitrogen) used as
calibrants. The lane labelled 1 is obtained from the sample
of Hisg-beta synuclein supplied by Abcam (0.8 mg/mL) and the
band labelled B is the Polyhistidine tagged protein whilst
the band labelled A is an impurity. The lane labelled 2 is
obtained from the 1 equivalent of 30 kDa PEG reaction mixture
and shows a band labelled C which corresponds to a mono-
PEGylated product and lower bands, labelled A and B which
correspond to unreacted Hisg-beta synuclein and the impurity

in the supplied sample respectively.

The gel was then also stained with barium iodide for

visualisation of PEG and the resulting gel is shown in
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the Novex Sharp protein markers (Invitrogen) used as
calibrants. The lane |l abelled 1 is obtained fromthe

W@ 200pl€750F Hi ss- beta synucl ein supplied by AbekeT/GB2®8/003409
ng/ m.) and the band | abelled B is the Pol yhistidine

t agged protein whilst the band | ahell i s an

0 (0f - Tie HAHES el 9G35 dBRRIeR 1 SRbefe che Novex
Wéy%%tteiqf mad dees REGViRaTded) Moddulg 23d ighaWesa  The
band |'abel | ed C which corresponds to a nono- PEGyl ated
Jprsductbedned dwers sdrtdsinddafalarediigsahdt 8 @lnefAlein as
carr.es t eagte i sg-_bet ucl_ei h

i ulrﬁ%)é;%gln pt(%)ncelé s'ugl&el g(fﬁsea%bal%%lﬁé%ggcgisv&%f%%ﬁtg gféf’m the 1

5 ampsivdiehtalso 3t el thedeariionmmiicdiuvde faerd shows a band
vi sual i sati on of PEG and the resultin el__is shown
i I

Qrhych SYFRSPRRIS e PaTES FEG WieSHGRS - bands

e e Shat 5 it RImKSohds M tHEegeRbu#S@d e85 bands
calibrants. The lane labelled 1 is obtained from

sl vt & andud] eiln cds onusisiced doyf cAlse N oTREQydaged product
| abe].l ¢ IS optained. . fromthe.l equival ent of
PO oo i e it "R Vs PRt - Ranish
10 leyglasgd Bl sind Anteatt et riEGpoeagent unhaads ddabidlsk elde &2
and G which corresponds to PEG inpurities, bands
I isd Brghdhe MHRY 1o ids F8Fd SUEPE 16h 6+ | at ed
i+@Nd; di - PEGyl at ed product respectively, and
| ower bands, | abelled B and A which correspond to
unreacted Hi ss-beta synuclein and the inpurity in the

SRS 5 PR R, Wt el o, 28 e @

15 Hhistidine tsaguantle wird [ th) K Bermithal0 wibh RBEGkDaaged 28 kDa

. Step 1, nt hesi s of
%ﬁ%aﬁ%@&ﬂ%?pi peri di nopropri ophenone
O 0]
H
PEG—N%
SO,
(3)

20 Step 1, Synthesis of p-carboxy-3-piperidinopropriophenone
hydrochloride 3(2).
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hydrochloride 3 (2) .A 250 ml round bottom fl ask was
charged with p-acetyl benzoic acid (15.0 g , 3(1)), 11.

woR@opsser i di ne hydrochl ori de and 8. 23g PCT/GB2008/003409

par af or mal dehyde. Absolute ethanol (90 m) and
ncentrated hydrochloric acid (1 m) were then added,

% -‘ultv'g suspen§i n heat ed der reflux for
v st+4ri nYy ua@gpNQrgo . Afte oppi ng the
et one\ (150m )y"was_added ang the reaction

?ﬁxturﬁ [l owed to, cool to roomtenperature. The
result'ﬁg)mhite pr cFHP? e was isolated on a gl ass
filter (&) and waphed:siwi ce with chilled acetone. The
solid was then driygd under vacuumto give a white

crystal powder (3(R), 1®h72/qg . 1H NWMR (400 MHz,
DVBO-d d 1,79, 2.96, 3.(45 (by m, CH2 of piperidine
moi ety), \3. 36 2H, @)/, 3.74 (t, 2H, NCH 2 )
, 8.09 (rf 4N A) . Shep 2/ Synshesis of 4- (3-
( p-t ol yid hi o) prepanoyl Y—bénzei c®acid 3(5) . The
p- car boxy- 3¢y peri di nopropri ophenone hydrochl ori de
3(2) (1.0 g ) and|4-nmet hyl benzenethiol (417 nmg, 3(3))
wer e suspendege+g<a Frrselr e's6terabsol ut e et hanol (7.5
m ) and net hano (SHQLkQ;;ELperidine (50 M ) was then
added and the suspgensio ated to reflux wth :
stirring for 6 h iln an Argon at nosphere. The white
preci pitate affor¥ed &fter/ cooling to roomtenperature
[ Hter (G3) , washed
g0l d/acet gne ,and dyied i acuumto
BRE d 6) d 2.27

d, —3.24, 359 (t, 2 x 2H CH2 ) ,
7.14, 7.26 (d, g2 b Ar i gfotolyl nmoiety), 8.03 (m
4H, ArH of carboxylic acid noiety) . Step 3 ,
Synt hesi s of 45 y ¥-tosyiops opanoyl ) benzoic acid 3(4).

[0} O
HO

A 250 ml round bottom flask was charged with p-acetylbenzoic

acid (15.0 g, 3(1)), 11.11g piperidine hydrochloride and
8.23g paraformaldehyde. Absolute ethanol (90 ml) and
concentrated hydrochloric acid (1 ml) were then added, and
the resulting suspension heated under reflux for 10 h while
stirring under argon. After stopping the reflux, acetone
{(150ml) was added and the reaction mixture allowed to cool to
room temperature. The resulting white precipitate was
isolated on a glass filter (G3) and washed twice with chilled
acetone. The solid was then dried under vacuum to give a

white crystal powder (3(2), 9.72 g). 'H NMR (400 MHz, DMSO-ds)
8 1.79, 2.96, 3.45 (br m, CH, of piperidine moiety), 3.36 (t,
2H, COCHp), 3.74 (t, 2H, NCHp), 8.09 (m, 4H, ArH).
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4- (3- (p-tolylthio) propanoyl) benzoic acid 3(4) (160
ng) was suspended in a m xture of water (10m ) and

woreaobasmsho (10 m ). After cooling in an ice batPCT/GBRIVS/003409

(720 ng, Aldrich) was added and the reaction mxture

%l{é?\r%eg tjg(tf\/\g%r?% ooi'[ %—n?i-e i#’géﬁvé\gl X: Stl s rJJ%nzoic acid

srduted with further water (40 m ) so that |t becane
nearly honbgeneous and the m xture was then extracted
three tinmes with chloroform(lntotal 100 m) . The

R R R B AR RN BRI A RIS 3(2)
Matmlgm ain B0 -0 tafyf oratest e thhidle (€©AlTi tha3( 8)(3)14Verg) .

1H NMR (400 MHz, DwVBQd6) d 2.41 (s, 3H, phen I-CH 3)
syspended o omieh e Ofs s olutegthang. 5 mi)ygnd

2 H, al y t H,

Wﬁﬁﬁcéo &%“ﬂ'luéﬁgéu ﬁ%}et§§ﬁg%§ %%S %%t%§§e§ gpd the
FEPdmiieth 4redtdd asy |yrfapaneylth @QﬂZ:Qil(mgaCflo& 6 BE@Gn an argon
reagent 3 . The 4- (3-tosyl propanoylf) benzoic acid _,
FOPSRIEFP ngT)hearYH“CFe( Pregiipddétty 1B fogdese e rPEQodMe to

Lo pr%qzatqpne BiQVestia)r el 13 el \éeq;l'a'?ssdrfﬁlter (G3),
toluene (5 m). The sol vent was renoved under vacuum
wii gheslitc dredti iy and It e ldh yposdlong rest diré efag nt yaguum to
redlssolved in dry dichloro

ha m
o o tend i o OM8LRTBboRRS S BHel b B @ (s, 3m,
&%AW@% sl quby added dii sepropyl caphodii m e Mé’qd 2 x

ny) under argon. ‘The reéaction m xture was then
&‘t,l erFhQDfattqladmnt@mpte/r at Wr-& Jovier, nidght ArEs of ):arbOXyllC acid
VoI attl | es were then renoved under vacuum (30 0OC ,
Tetery bath) to afford a solid residue that was
redi ssolved with gentle heating (35C) in acetone (20

m ). The_ sol ution vvas filtered over non-absorbe
AR ofy WiBIthesis of 4-(3- tosylprqpanoyl)benzozc ac1d 3(4).

4-(3-(p-tolylthio)propanoyl)benzoic acid 3(4) (160 mg) was
suspended in a mixture of water (10ml) and methanol (10 ml).
After cooling in an ice bath, oxone (720 mg, Aldrich) was
added and the reaction mixture allowed to warm to room
temperature while stirring overnight (15 h). The resulting
suspension was diluted with further water (40 ml) so that it
became nearly homogeneous and the mixture was then extracted
three times with chloroform (in total 100 ml). The pooled
chloroform extracts were washed with brine and then dried
with MgS0O,. Evaporation of volatiles under vacuum at 30°C
afforded a white solid 3(4) (149 mg). 'H NMR (400 MHz, DMSO-
dg) 6 2.41 (s, 3H, phenyl-CH;3), 3.42 (t, 2H, CO-CH;), 3.64 (t,
2H, S0,-CH,), 7.46, 7.82 (d, 2 x 2H, ArH of tolyl moiety),
8.03 (m, 4H, ArH of carboxylic acid moiety).
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renmove insoluble material. The solution was then
cooled in a dry ice bath to give a white precipitate

W@ b@/0¥x580 separ at ed by centrif ugation (4600 rpeT/GBR008/003409

mn) . The quui d phase vvas decant ed off and this
reci tatlon cﬁﬁdure ea ed three tines.

(& T RRep avd benzoic

atgmr pwlggggté;,tafj ord the PEG reagent 3 (437 ng) . 1H
NVR (400 MHz,” CDA™ 3) d 2.46 (s, 3H, phenyl-CH 3), 3.38

(s, 3H PEGOCIf3) , 3.44-3.82 (br m, PEG, 7.38,

f [_yl. 9 H,
it e ) pePaty Sy @ g gna -
a1 i &dhiydi ) R “eime@htya—PETal (MW S@-mﬁ@geﬁomFMga Eho?@cara) were

20 m_ sol ution of IFNa2b(1 in 10 m\/lsodlum
A% Buidter todmesieni(mg ™) rrMTI’EETRO&N&HISO’aﬁMrﬁ&‘éWe

Hdel %%d%ﬁﬁ‘%y%ﬂ$u¥ %%l%ﬁn%q%'wmﬂﬂg &y %%l&@argggdue was

reagent 3 (1.8 mM of a 6 ng/ solution in deionised
tieetre re carsgs allve o e@ulctnyngilmlmnometlh@cn@bdtléd nd\)emud@m argon.
roomte eratur repeat .was .al so perf d w
B e A e O 561 K LB dlgeh Lo drTy Was' slonly
w@wrﬁd@p@mtdawo@nam@eua DIed, hatd ag)guvelerah@yen. The
(3.3 mM of a 6.6 ng/mM solution in deionised water.

TSR IOAMFHES Wk & 3h & eiin &iSPSe & tHy TSDS- PAGE CORuUPAREEFRture

NRMEX 4’1t12(%’58'hs7 TR a98hSs MeSd WG RFAsr undlelr vacuum
from I nvi trogen, and InstantBlue staln (Expedeon cat.

NG.° CI,SBtaI_t)e)r b‘Ertél )r ésulatf fiog-ds lrowere Liidl E]eguldelelzhaltn walse.

beI are the Rrol t.ei n rkers Lan he
s‘%‘ |ng ]hI)?enLalr?e sﬁcr)l\%s thel&sesﬂ)l 25 Otnh s(fé

Thiloa é%EGitrleﬁg ents rraacteiren oblker e ca-abs od1bs:tn|tn etotkn@mds]ool to
bet ween the 30 and 160 KDa protein markers
TSRS PR ING 1o MAERThidth  Tho 56 1PEGoEn s then cooled in a

dry ice bath to give a white precipitate that was separated
by centrifugation (4600 rpm, 30 min). The liquid phase was
decanted off and this precipitation procedure was repeated
three times. Afterwards the resulting off-white solid was
dried under vacuum to afford the PEG reagent 3 (437 mg). 'H
NMR (400 MHz, CDCls) & 2.46 (s,3H, phenyl-CH3), 3.38 (s, 3H,
PEG-OCHz), 3.44-3.82 (br m, PEG), 7.38, 7.83 (d, 2 x 2H, ArH
of tolyl moiety), 7.95 (m, 4H, ArH of carboxylic acid

moiety) .

Step 5: PEGylation on histidine of C-terminal hisg-tagged IFN
a-2b

To a 20 pl solution of IFN o-2b (1.13 mg/ml in 10 mM sodium
phosphate buffer containing 2 mM EDTA and 150 mM NacCl,

pH 7.5) was added 1 molar equivalent of 10 kDa PEG reagent 3
(1.8 pl of a 6 mg/ml solution in deionised water) and the
resulting solution incubated overnight at room temperature. A

repeat was also performed with 1 molar equivalent of 20 kDa
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conjugated. Lane 4 shows the result of the 2CkDa PEG

reagent reaction. There are three distinct bands
Whei0e€150@ he 60 to 110 KDa protein markers PCT/GB2008/003409

corresponding to IFNwith 1 to 3 PEG chains

conjugated The | ane | abel

PEG
e d&masiirc 1 Gdds BfePaes PY §o“‘|’?6&’t’?§ndm| oFciSplte. that as
lhﬁerl > Jeabed 12616 dss o e 6191g|$/m P%e@urt%dﬁgh d&llettlsed

does not stain, so no band is visible.
welbee rREG tdx isempdfe sHivege -heyn geladivisesl bBa SFDEGPAGE (NuPAGE®

NQ- sulfqn structure (5 p y
incu Hd% g?gtﬁelﬁE@ebﬁé QE#fg%e ?Q%r%ctuF% (2 * from
5 Kﬁtiﬂrdaédﬂwaﬁahﬂﬂnﬂammenmatetbuhfemxbéde@hnbhtfomos ISB1L)).

hours. Two aliquots of N-term_nal 8 histidine_tag

ed

e Fesyricis Fhoasedm EaOurso 13apd0shbe 1508 QB&’Fqlﬁd 1 are
fHd brdbeid0 AVieadi, uﬁ%@%ﬁ@hﬁget@%osﬁhrt1%g3&Fﬁgb%hb Lane 3
were chilled on ice then either 1 nolar equival ent
ghwivish tﬂ@sp@@tultto Opfr dthei 11 Oc dbee MEGatrie@gpngr r@action. There
equival.ent.s of G _no sulfone (9)
é% d % 4% |ﬂ?eEespec%PVely) 3680 oFrO%eln

10 naim@mt s:dzfrekwoamey@ejoeltrm( Aieamicab. SneEGAAIENS,
14. 3 kDa) were treated the sane way and given either 1
GRIIA9EGH v &east 4 Ghessnithe gesyléqaiyvabentdkPe. §86preagent
deftildie THLR BEG mneesWilngct EQ%drse%%tt'w%%% ¥BEC 60 to
then i1 ncubated at anbient tenperature for
Iids WOa g otedat |n@rrl®618utqomr§smmellalqatty>sécENusnlrt@ 1 to 3 PEG

C %S:LHF;A%I(EDH%:’&d asct %14%%?\# t h I riSF)erit %legem(sE)ﬁ%ed%%n)kDa PEG

Pne Fabels shows <t h
15 ﬂ&ag@htswmwrdﬁee; morarskeris (Is@vmbr bgea) dsedsaele The lane
calibrants. The | anes | abel |l 1 and 2 are obtain

61 i Pl 'éh < Cof B BEPER Y MRdEroRoRe e Stain, S0

N3 £qu valams of PEG reaction mixture
respectively. The band |abelled Ais H's 8-beta

synucl ei n.
Example 6: 5 kDa PEGylation of Hisg-f-synuclein
20

OH
’ 0 0 SO,
SO
(4) 2
O
pH 7.8 H °
> PEG—N OH

(5)

5 kDa PEG mono-sulfone (structure (5)) was prepared by
incubation of the PEG bis-sulfone (structure (4)) in pH 7.8,
50 mM sodium phosphate buffer (5 mg/mL) for 3 hours. Two

25 aliquots of N-terminal 8 x histidine tagged beta synuclein

(Abcam cat. no. ab40545, 15.4 kDa) in pH 7.4, 50 mM sodium
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Faint bands below it are inpurities fromthe protein
supplied by Abeam The bands, labelled B, C, D and E
waoRi0l47500 r espond t o nono- PEGy! at ed, di - PEGy| aP@HGB2008/003409
tri-PEGyl ated and tetra- PEGyl ated protein products
respectively. Exanple 7 : 10 kDa PEGyl ation of ,
pposrhaitg  ENF-HE d Shved O b o e e &dridrdedaerdiifeetdgn either

1p'?ﬁolsﬂré%l LR NNy Lilefs‘ﬂé%t( $J !fJCLIoLEre nt( ?gn{g&%@ration) or

exanp was prepared by I ncubation o

Diesrsividleme g stfr dctkiree RED) nfargmseddmplee (B), we@engdaied (0.25
in pH 7.8 50 mMM sodi.um.phosphate huffer (5 /.nL) for

o ot o) SRR C AL Beac o ageda St SRTREgnee beta
SRl e 8Nt (Apedin fdaadment. (b28890a)1450) WDaQN we@eb treated the
mg/ mL) in 50 nmM sodi um phosphate, 150 mM sodi um

Eloriade il 2 Ve EDtRatad Frodpdr egiudvad eaitf f(@rdft uptr or 3

- p o~ +RH 7. 7. e | ar
AntReths PSS iy el R Mo e, mEpsf S T2 The
neerce iatdedvdre tthenHis cuthermich atolantiiens aempechtofret for 6 h.
four different pH s(10 ,. 0.6 /m) .. The .

T G T & A S B, YA GRE &t le Pt % SDS - PAGE
drf st NS wikhe TSt M UL atHipiedP) UisORB oW @n Figure

anal ysed using SDS- PAGE and stained with Instant bl ue
Y 4Ex pddeo)angs gch Mrishoms the NeoyexapdarapSricés im

h r rotei rker | Ryt T i
R o VN, RS S DATIRARLE S 1B daberiea 2
areft iaare mibtaimedudimog 3 heollareedguiadsngntes 6f kDA PBE&
PEG at pH 6.2, pH 6,7, pH.7.Q and 4 . :
TRa et g TR bk P FECedseshignmixture
GrdtiA Al A demRi N adrtlilkedy filagentpethesPandicin.

| abel | ed B i s the nono-PEGyl ated donmai n product. The .
Frdrids Nadistl IRed @ ditd apec dipespdi@ st & rem phey Paré¢iangupplied

HJ iA‘kfc%%’.l aItheed bqa%r@,n lfarb%qq%r&it Br,e%ge%t ia\ﬁ%l ¥: which correspond
to mono-PEGylated, di-PEGylated, tri-PEGylated and tetra-

PEGylated protein products respectively.

Example 7: 10 kDa PEGylation of Hisg—anti TNF-o domain

antibody fragment at different pH’'s

10 kDa PEG mono-sulfone (structure (2) from example 1) was
prepared by incubation of the PEG bis-sulfone (structure (1)
from example 1, 10 mg/mL) in pH 7.8, 50 mM sodium phosphate
buffer (5 mg/mL) for 3 h. The C-terminal 6 x histidine
tagged anti-TNF alpha domain antibody fragment (12.7 kDa)
solution (0.6 mg/mL)in 50 mM sodium phosphate, 150 mM sodium
chloride and 2 mM EDTA was prepared at 4 different pH’s (pH
6.2, pH 6.7, pH 7.0 and pH 7.4). Three molar equivalents of
10 kDa PEG mono-sulfone ((2), 1.41 uL) were added to the

Hisg-domain solutions at each of the four different pH’s
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PEGyl ation is seen at each of the four pH s and the
extent of PEGylation increases as the pHis increased.

wWE@aPIB0B8 : PEGyl ati on of His6-anti TNF-a donBCTIGB2008/003409

anti body fragnment using 10 kDa, 20 kDa, 30 kDa and 40
PEG. kDa, 20 kDa, 30 kDa and 40 kDa PEG

G 8 1% _rf(%%}ldct J‘?@ CEP Trigise sy ¢PET) Mgrpated at

Sepaat elanddratiateeddm PHol®. 50 nM sodi um phosphat e

buffer for 3 hours at anbient tenperature to give the

correspondi ng PEG nono- sulfones (structure (2) from
exanple 1 ) . The concentration of PEG was 10 ny/ni,

s feisle / f 1 ; -
R O i e e S L
dd ertdimedd 6vilitstlinditeentt ddged (@xpiedENR )daristhoamt ilnodyigure

2 .7k luti .25 ./ 5 ' 0 MM [
STios St SanESd ARASAH BB (206 ART % BT R AeFer
rdee ddeth witdtb ddg .10 HDa.an2@ Kde13@KkBa tand 4@ KkbBdtained

PEG nono-sul f one solutions (0.74 nL , 1.5 nolar

fetpm \icentes)c t e Medarticons el & MIRdiR L ReBardgnas #€ 10 kDa
rs, T r ti [ r,e d

HEY RN 2, T TN 00 OB el MR AN e

ksheinsl dted INal X ishampr qarcdtesd mivar ket $-TNAvelpbgeddmain

used as calibrants. The | lahelled 1 is.the H's
i R AR B0, AGHHT “Sh o Sag g Toro EEGylated
dfareaduthe Inrepdrakelilagd 12 o S adide pokicireshohidoro

the reaction of 10 kDa, 20 kDa, 30 kDa and 40 kDa PEGs

Hedfiéotliatady anph& Wakd$naped semaiar & rasimeadt égshestively.
reant .- .dongi_n. l.abel /Bl B20,

O T coistnd & T org LG abhd dom e Sivent of

HiEGgreanitcs fiorcrBdse20,as3@ heengbH4Q sk Dan cREGsreeispect i vel y.-

The band | abelled O O corresponds to the di-PEGy| at ed
product for the 10 kDa PEG

Example 8: PEGylation of Hisg-anti TNF-a domain antibody
fragment using 10 kDa, 20 kDa, 30 kDa and 40 kDa PEG.

10 kDa, 20 kDa, 30 kDa and 40 kDa PEG bis-sulfone (structure
(1) from example 1) were separately incubated in pH 7.8,

50 mM sodium phosphate buffer for 3 hours at ambient
temperature to give the corresponding PEG mono-sulfones
(structure (2) from example 1). The concentration of PEG was
10 mg/mL, 20 mg/mL, 30 mg/mL and 40 mg/mL for 10 kDa, 20 kDa,
30 kDa and 40 kDa PEG respectively. Four aliquots of the
C-terminal 6 x histidine tagged anti-TNF domain antibody
(12.7kDa)solution (1.25 mg/mL, 5 pL)in 50 mM sodium
phosphate, 150 mM sodium chloride and 2 mM EDTA were then
added with the 10 kDa, 20 kDa, 30 kDa and 40 kDa PEG
mono-sulfone solutions (0.74 -uL, 1.5 molar equivalents). The
reactions were then incubated at 4°C for 8 hours. The

reaction solutions were then analysed by SDS-PAGE as shown in
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reacti on and the C20 band corresponds to the
i - PEGyl ated product for the 20 kDa PEG reacti on.
wEx@aPss0® : 2 kDa PEGyl ati on of Hi s6- Endost at PCIT/&BR008/003409
conparative reaction with Endostatin not possessing a

ol yhi st d| ne ta nono- Ssuitone cture
Eq M o exd; %f ﬁ%ﬁgglﬁgeﬁ"arsé’z?wﬁy Ghse B |Xor? G Pt pgotein
rrPEf@e%§ %wvfl%%g(est I yGleldr @ s( BaDi Hria@sex aimel Qa-]‘le) l'a'Belled 1
.8, 50 nM sodi um phosphate buffer (1 ng/nL) f

Jh?omf@ Hiwe-apngloT¥Foflomatier Anhabodyhi seddene @b@\g@das a

| h 247 :
S IR RS s U (DR one
readtdernt e 16 tdbar, 2 onodDar, e;@uuk\nal amd @0 Kkibar @gpact to

pr ot ein concentrat| on UI val ents of 2 kDa PEG
SRS 0o TS B aaieq 2PE14 S foroh Sngeacts

m%%psﬁuv@w) domBén! €At PANAL XTI HpE18E Bhen1p! aﬁ@@' I B30 and
e fridge and left for 16 hours. Two aliquots of

Bﬁl@ﬁ tcagges pendosoattive  (rCalchiPESydmtest doma1n3Z4a@9enity for
1%H FQOZ 3%0 m\céll %%dlklbm %%Sg:réast ec(tlve Iy 1T%e /dmi)abelled C10

wer & dl so ¢ ['ed on

dbqwe\sqﬁoems ol teher asp@mmatpﬁotpmdaiumnmm Itatei an) k0a PEG
equi val ents of 2 kDa PEG nono-sul f one

Wlé’@d@@d( 306 (12 00P28 0 CRETREDRAES ) Sr)he d?ﬁgEG)ylated

PgreReidtonrMas Hchen Rinacetd Rebhe iftni.dge and left for 16
hours. The resulting reaction solutions were anal ysed

usi ng SDS- PACGE for size-dependent separation of their
Eomaunptliet 9eni2s kdad PEGY Laddgnt iofg Hgsls— afxdestst'ah na'mg with
| nst ant, .bl u [ ure

4 .
CEPEA iy EeeatArr TheE EBRTREas R pots PRSEERFEdo
POIPHS sifiRliNey @agShar p protein narkers

2 kDa PEG mono-sulfone (structure (2) from example 1) was
prepared by incubation of the PEG bis-sulfone (structure (1))
from example 1) in pH 7.8, 50 mM sodium phosphate buffer

(1 mg/mL) for 4 hours. Two aliquots of C-terminal 6 x
histidine tagged Endostatin (Calbiochem cat. no. 324743) in
pH 6.2, 50 mM sodium phosphate (30 pL, 0.5 mg/mL) were
chilled on ice then either 1 molar equivalent (with respect
to protein concentration) or 3 equivalents of 2 kDa PEG
mono-sulfone were added (1.4 pL or 4.2 pL respectively). The
reaction mixture was then placed in the fridge and left for
16 hours.

Two aliquots of non-tagged Endostatin (Calbiochem cat. no.
324769) in pH 6.2, 50 mM sodium phosphate (10 pL, 0.2 mg/mL)
were also chilled on ice, then either 1 molar equivalent
(with respectvto protein concentration) or 3 equivalents of
2 kDa PEG mono-sulfone (0.1 mg/mL) were added (2.0 pL or

6.0 pL respectively). The reaction was then placed in the

fridge and left for 16 hours.
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C which correspond to the unreacted protein, and
nono- PEGy| at ed product respectively. The |ane | abell ed
2 is obtained fromthe sanple of the 3 equival ent of

@ﬁﬁﬁ’!ﬁqW HacrByosd At bl Lard i o sdOWss ing SDS-PAGE
bands, |abelled B and C which correspond to the

mﬂfe%mezrddqﬂ@t@rrt FHRPHOLPEGH dthead prasggiituents and the

{EARAY P ﬁ%@#%@b f@*‘h’“é LR AR s

geaat | on mingh3: elguil va]lrerfhs;mn‘e 2KDa tPEG w fith-Emdb stadiunm of
reactlon res ectlve ly a single band | abelled A
ae%%}e]cﬁpq \P’éli}“ t%‘Ecd\“’r"e%?b R #1H¢ h &F
rwleéfb presgit foe bofde reacti ons sHhow Mg thadn tie
kDa P Gonly reacts with the Hs 6-Endostatin.

P o the Ol ki il S0t kida ﬁﬁ@l&ﬂq oritgf Hise-Endostatin
te r d o r iqn wt
SAECL D) S A0S S o PR A Lbrpospond

i ttetar urade B tte S tp b el aggeﬁ rﬂdﬁicEfEfE@’ydl’ata}&QDr(cﬂiLﬁﬁ:

m, 1.14 rTg/m._ was prepared i H 7.4, 50 odi u
e B i i P e PRl sbitaindt] vty the sample

dPB)e aﬁ%c}ﬁ%l]eﬂt e arkmduinaleth @dhheheseeatihOreaction
the protein concentration) of 20 kDa PEG bi s- sul f one

e “Umviﬁ‘ oIS £ rlovhedari® ang QNEi‘éuaﬂde@I(HE’gPQﬁ_d gfo the
ei on| sed V\Iéiqceé&)[%iel fr%ﬁ[%rgoaz%ﬂédﬁ%ecesoo qu:e q’eﬁFeCtlvely

Tred rlageafsatloarbeflolredl& haoud 4 whee roemﬂltnemgrﬁacmt idre 1

m xture was sed by _SESIS-P and the result sh
G B PR G S8 e e A5 o M Hove
equivalents of 2kDa PEG with Endostatin reaction
respectively. Only a single band labelled A and B
respectively which corresponds to the unreacted protein is

present for both reactions showing that the 2 kDa PEG only

reacts with the Hisg—Endostatin.

Example 10. 20 kDa and 30 kDa PEGylation of Hisg-interferon
alpha and comparison reaction with non-histidine tagged

interferon alpha.

A sclution of N-terminal 8 x histidine tagged interferon oa-2b
(2.63 mL, 1.14 mg/mL) was prepared in pH 7.4, 50 mM sodium
phosphate buffer containing 150 mM sodium chloride (PBS) and
then 1.7 molar equivalent (with respect to the protein
concentration) of 20 kDa PEG bis-sulfone (structure (1) from
example 1) was added (420 pL of 11.5 mg/mL 20 kDa PEG
bis-sulfone solution in deionised water). The reaction was

placed in the refrigerator for 18 hours. The resulting
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the Novex Sharp protein markers (Invitrogen) used as
calibrants. The | ane | abelled 1 shows the reaction

W@ 2000047500 wher e the band | abell ed A corr espondBCT/GB2008/003409
unreacted IFN, the band | abelled B to nonoPEGyI at ed
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SMduh ane regHinalient ©f Boukda 1IREGtae Q.aheae1aRd & shows
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thep Nqve2 SRarr) Pred oy Mar ket spH InvE trpgeny esisied wés

iim | ar .t.o 4 i hth .a nqQ-.P |.at -
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wigrdeerthe darahd dbetlieen Al Ho rarct pbt@isk Be corcespendiIf)y, the
to di-PEGyl afed | FN an hi rd band tween the 1
Bt JAyARE Dot ANGTEGY C6rt dapndiivy bRgd 1abelled C to
dirHEREQHRE adN BN AHeOmRald Sebaitdy morhitstipgici@ated IFN.
tagged | FN al pha-2b showed no reaction with one
equi val ent of PEG reagent (1) after 18 h and under the

S i L it h t r I iR f

AR ity Yirh WOE, SRR PO IR8 el e
o.BVRJyind- sand @ne)o 1fuari onorjfu flattiecamitng INSt er miisalid@ne tagged
hi stidine tagged jnterfero | pha, Preparation_of PVP
WS T T R @micn&lgr QUBP%A%H/@}QU,%g tpﬁilbg'vt\’/asTEe result
welarged 1Mt b LHSHL 2D K®a( @A i®n) witl AXaRRcLBEG L ated IFN
and a magnetic stir bar. After %entle heating to all ow

banso|vijtsiidd & deftopragn tthe HO @nidod WkPap PreEgini MR regen 2
t f 1 n, id | [

o] DA 196 S DMl ershil) sOUE9 g0y

T&N enda o whiihey dand betthiecenwahef dldlowed 2602 kD2 protein

'-azobis (2-nmeth _proionit,rilg;) .082[ ) .. After .a :
TG S8R EE B S T TEE S SodFly) & compariZon with
non-histidine tagged IFN alpha-2b showed no reaction with one
equivalent of PEG reagent(l) after 18 h and under the same

conditions, with the result shown in lane 2 of Figure 18.

Example 11. Use of poly(vinyl pyrrolidone) (PVP bis-sulfone)
for conjugation to N-terminal 8 x histidine tagged interferon

alpha

Preparation of PVP with a terminal amine group: A pressure

tube was charged with cysteamine (0.042 g), dioxane (8 ml)
and a magnetic stir bar. After gentle heating to allow a
solution to form, the solution was purged with argon at room
temperature for 5 min. While still purging, l-vinyl-2-
pyrrolidone (2.0 g) was then added and after a further 5 min
this was followed by 2,2’'-azobis(2-methylpropionitrile)
(0.089 g). After a further 2 min the pressure tube was sealed
with a screw cap under argon and placed in an oil bath at
60°C for 23 h with stirring. After allowing the tube and

contents to cool to room temperature, diethyl ether (15 ml)
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with a screw cap under argon and placed in an oil bath
at 60 OC for 23 h with stirring. After allow ng the

WO 2090/0471500 contents to cool to room tenperat ur ePCHGBRIVEI003409
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Imdeiseilvade uns@lc&t@@eon@anﬂd Zhei ﬁﬁéﬁlédlgllga§§eft@ﬁﬁeISOlUtlon
t sl t C
s e a0 e R SR T e

dnynundamdwam@umnﬂcupﬂmmwbedmeﬂat@ﬁeo@wasao— 2. %4ngexed
white SO|Id) ., _Conj ugﬁtlon of protein reactiyve en

Ty PR E SSai KOceR08 ingroicn. [Be Shiig was

W Prd! Bilt%mffre%r}‘ﬁ/ld)l@%th@/w Ltagst Yhb m1henzei ¢nagi ql(té%éd to
ng) , and di met hyl antnopyrldlne (6 nmy) were m xed

daivt hlr@tﬁxyctra@wndla@hlr@rométem@éa(cmem magader lakdod,anbiite
t.h stlrrlng was then added 1
é & i'sopropyl carbodiimde (80 m ) . The resulting
rnnwe\msaHmmdtosUrfor20hatrmm

: PVP-

to 0 t f|| Iy t
s ”@‘8 %ag) and”?ne rbélsﬂ @ ﬁ%&%@ﬁf%?‘gﬁim.@‘goweaetyl1-
H@nzuﬂdIacﬁwgaﬂQﬁnm@QHO&&drﬂﬁﬁlﬁemhwlaﬁlﬁprrTﬂénblqﬁldg
ase was decanted off and .the remaining resid
ret &&é&%weﬁ%eﬂ?%ng@étsafﬂécp@ometsenge@amﬁ under argon
dANYLRS: Afiter ndecanrt ithenohligkhe 1ethwl 1@%§ 136 1PR2B8diimide
the solid residue was redi ssolved in dichloromethane

(8 ) -f Ghicowed WBy inige Madditricomagf adtlykdaget afar( £9r 20 h
Jy)r o h%e% %@QH%@€M§% pk%%%dgiﬂt%&%dlgaﬁﬁgﬁ k%n aﬁsorbent

resu nprecipitation o o)
cotton- wool To the filtrate was then added dlethyl ether

(20 ml) and the resulting precipitate isolated by
centrifugation (2,000 rpm, 2 min, 2 °C). The liquid phase was
decanted off and the remaining residue vortexed with ethyl
acetate (5 ml) for several minutes. After decanting off the
ethyl acetate phase the solid residue was redissolved in
dichloromethane (5 ml) followed by the addition of ethyl
acetate (15 ml). The solution was placed in dry-ice for

15 min resulting in precipitation of a solid which was then
isolated by centrifugation (2,000 rpm, 2 min, 2 °C). The
sticky residue obtained was vortexed with fresh ethyl acetate
(5 ml) and then dried under vacuum at room temperature

(mass = 0.118 g).

Fractionation of PVP bis-sulfone: The solid material obtained

from the above step was mixed with agueous 20 mM sodium
acetate buffer, 150 mM NaCl, pH 4.0 and then centrifuged at

13,000 rpm until a clear solution was visible. The solution
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i solated by centrifugation (2,000 rpm 2 mn, 2 0C).
The sticky residue obtai ned was vortexed with fresh

weelwihsmeet ate (5 nl) and then dried under vacRCFGRR008/003409

roomtenperature (mass = 0.118 g ) . Fractionation of

PVP bi s-sul f sol i.d ter. obt ai ned £.0m.t, he

S Y B BT G A o0 A SO L B drgted on
éﬂﬁﬂﬁﬂad:mﬁyaﬁwﬁﬁﬁgnddﬁm420@ @ﬂ@pt@ﬁﬁd§e§iiéfé@ﬁihéﬁon column
13 000 rpmuntil a clear solution was visible. The

Ot Utsoidiase) refr%\Péd]q POMTh & ashi U acediadige b&ﬁcfetrherﬁo mM,
JH acld apated, 10n, i, 'yak%qlﬂe@/t? e@sHea th)S(ntsmev%% Ar8An during

grade size excl usi col um care) running 20
e ls adiwm cacetTitee foacftarons] 0 utingpletvweat 72 o Midnmin was

Ueﬁy%f %Qntectl fracti.ons .every 1 mn during peak
lf]acciqn@ﬁ%g i 'ng between 72 to 80 mn
was used for protein conjugation. PVP conjugation to
INFR erarinejat8idr dtd di—rte rimeiggead 8 AN helgihatineFNag@e@R5 EN alpha:

/m) red in 7.5, 50 .mMM_sqdi .
i S P H0 &% SRR, 54 B St e By sodtum
I"E%@hate-r%mgﬂ chnt|aENl(nZg5 18 mM.odigiTch 1was dedde®s) . To
of the fractionated PVP bi s-sul fone sol ution

E(q:rpektqfor?ssFI\VZ 28 9,748 M I/18 Inivias 7sldfch 5:9nd118@fmtﬁl)e
f4ro Sresud IR %@ytguq]%% LARf % 4M mc%q% £ atin,

overni ght. The resultant reaction so ution was
7aharhys,ed763yHJSDS -BAGE rarcha F&Q rmasm)l +t The steewd timgFisgplug io

. Figure 1 n | ed M.shows . the
AL G AT St Foger ST A 5ﬁ&%aﬂt
rded e ssdiaheldrediad taalaaysimmawgrrse@@t@mran@oltwe QRSult is
fromthe different sized PVP reagent fractions used

Sy thi i B B e 1P P gt /f ridve 2ang gabelled M shows

%kﬁeéﬁﬁnﬁ{ét%’%&’/ ps diahdn hahel | 6% B R he BN s

calibrants. The lanes labelled 2 to 5 show the reaction

solutions from the different sized PVP reagent fractions used
(72 min to 80 min PVP fractions from 2 to 5 respectively).
The bands labelled B show the mono- and multi-PVPylated IFN

obtained.

Example 12. Multimeric conjugation of interferon alpha with
interferon alpha using N-terminal 8 x histidine tagged

Interferon alpha

A solution of N-terminal 8 x histidine tagged Interferon a-2b

(50 pL, 1.14 mg/mL) was prepared in pH 7.5, 50 mM sodium

44



10

15

20

25

30

obt ai ned. Exanple 12 . Miltinmeric conjugation of
interferon alpha with interferon al pha using

woRGeo#ismal 8 x histidine tagged Interferon al PEEGB2008/003409

solution of N-termnal 8 histidine tagged Interferon

-2b (50 1.14 [ L. repared in 7.5, 5
STt e e B P Attty i cliitipn (PBS) and
€hd0rd dep 5 AR a anshd e h R Swilrarr epd ol @ntihd Wridtein
respect to the protein concentration) o f 10 kDa PEG

ERHCRIEL TN IPED rhdgeit B Rddingdded 3o BEF meagamtar(6) was
< . . ) Gt

TR a0 LIS armer S PR o ls, (et YaetS . mhe

rezsall tomgvasealst  ore tm adthuren watemarradatses: for SOBSHRAGE.. The

The resul tant gel showed a band betweepn.th 0 a

B U VAR S Tt i B Y By i or e

AN Wdh disianta Baw ([Jomedeohd It 10 resp@dxDa

to the | FN-PEG | FN fusion conjugate. Exanple 13 . Ml .

NovRst Shmomiffainmarkers t Emiitaosmi safitdhe tdggeg with

el eron, al ddh hymn ﬁx‘i’@%o@u‘ﬁ? nd ’i‘?@ TFN-PEG-IFN

containing a free cysteine. To a solution o

MNedisymmaral jByatc i stidi ne tagged Interferon a-2b (1

inL, 1.14 ng/ ) prepared in pH 7.5, 50 nM sodi um

phosphat e buffer containing 150 mM sodi um chl ori de

KRR 1vas3 adderk imdmie ssydiigadilen f J8dradinal 8 x

equi valents to TFN, 10.77 ng). and allowed to dissolve.
has $idine diagged Inkenfigron Ripha, wikd fyumamiserun

L5 PO U dfn P qe&aéao'%s]@in(el. mlar
; kDa PEG bis
(bis-sulf one) (6) solution in water) . The reaction

'ﬁénh )e(at ?S;@d{v%sor{g e(;‘ g I\?—E t earnn?iI nearit 8t %W%%rs%tilgi% e]c ra glg8e cp oIl“rlirtSé'r feron

o-2b (1 mL, 1.14 mg/mL) prepared in pH 7.5, 50 mM sodium

phosphate buffer containing 150 mM sodium chloride (PBS) was
added human serum albumin (3 molar equivalents to IFN,

10.77 mg) and allowed to dissolve. To this solution was added
10 kDa PEG bis (bis-sulfone) (structure (6) from example 12)
(1 molar equivalent to IFN, 75 pL of 8 mg/mL 10 kDa PEG bis
(bis-sulfone) (6) solution in water). The reaction mixture
was left at ambient temperature for 18 hours. The resulting
reaction mixture was purified by ion-exchange chromatography
followed by metal-ion affinity chromatography and then
analysed by SDS-PAGE and the result is shown in Figure 20. In
Figure 20, the lane labelled M shows the Novex Sharp protein
markers (Invitrogen) used as calibrants. The lane labelled 1
shows the purified reaction solution where the band labelled
A is unreacted IFN, the band labelled B is mono-PEGylated »
IFN, the band labelled C is IFN-PEG-IFN and the band labelled
D is IFN-PEG-albumin.

45



reaction m xture was purified b y ion-exchange
chromat ography followed b y netal-ion affinity

W@ booomstseyr aphy and then anal ysed b y SDS- PAGEPG@HGBRG18/003409
result is shown in Figure 20. In Figure 20, the |ane
|.abel  ed M shows the Novex Sharp protein markers
43Vi% rogen) used as calibrants. The lane | abelled 1
shows the purified reaction solution where the band
| abel led Ais unreacted IFN, the band | abelled Bis
Ihonos RE@poaireﬂ ddrlgr itshHen doan gbd 1g/med 1 enbn@dg&tleléll\ltléE@r pENtein
and t and |.apelled D is |EN.PEG al bum n.Cl a
%&ﬁ% c:S ORI 92 Py RS "o Fy At é’&’ltyé‘la?tldme tag.
protein or peptlde said conjugation being via a
pol yhi stidine tag. 2 . A conpound as clainmed in claim
2. , A rcosricind ke pdlayiviest iigi e atiag Gornaiwig chrom 2 to

2 histidi ne r.esidues .. Ac ound as cl ai ned
L b R T4 st Tmne e T ha TR Rom
Zediddy hi stidine residues. 4 . A conmpound as cl ai ned

in any one of the preceding clains, in which the

polymer is a polyal kyl ene glycol, a

oI Vi I| . I ryl at
po|¥xcﬂ%ﬁ%%ﬁ#gt59Q2%63F§ggazgﬁﬁﬁgﬁze p%lf&ﬁﬁylgpcoho

=0 Ipdl scirdjlreemitehgy, caonpeliyreetthaor W dam dé, ha sHRMAne re51dues.
copol ymer, a pol yester, polyacetal, poly(ortho ester),

pol ycar bonat e, poly(imno carbonate) , polyanm de, a

x0opal WiipRina Rk Aldiere ax téelyaraﬂhea d¥oltyesteeceding claims,
pol yacetal , poly(ortho ester) poly (am no acid) ,
g wlﬁactéwarﬂoééfmeé FreotPeib?, Ypadﬂvd@@team cgdird@ a

}ﬁﬂ het| }%gr%ﬁ%l?)fﬁ o?rg%;%ogfﬁcqﬁzelacmeno a%'oqyﬁl'%@h%crylate, a
Hhth%dZHﬂuHeﬂnﬂ(ﬂqiymﬂmmmahmyhmhj a polyacrylamide, a
polymethacrylamide, a HPMA copolymer, a polyester,
polyacetal, poly(ortho ester), polycarbonate, poly(imino
carbonate), polyamide, a copolymer of an alkylene oxide and a
polyester, polyacetal, poly(ortho ester), or poly{amino
acid), a polysaccharide, a protein, polyglutamic acid, a
copolymer of a saccharide or an amino acid and a synthetic

monomer, or a copolymer of divinylether-maleic anhydride and

styrene-maleic anhydride.

5. A compound as claimed in claim 4, in which the polymer is

o))

polyalkylene glycol.

6. A compound as claimed in claim 5, in which the polymer is

a polyalkylene glycol containing C, and/or Cj3 units.
7. A compound as claimed in claim 6, in which the polymer is
a polyethylene glycol.
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styrene-mal ei c anhydride. 5 . A conpound as clained in
claim4 , in which the polyner is a polyal kyl ene

wW@Ropeos7506 . A conmpound as clained in claimb5 PCT/6GB2008/003409
whi ch the polyner is a polyalkylene gl ycol containing

C2 and/or C3 nlts ound as .cl ai me

%, A ParRand %‘f\ 6&%& hyiferf& g she golymer is
A Hoynd as clalned inclaim6 , in which the

polynmer is a protein. 9 . A conpound as clained in any

one of the previous clains, in which said conjugated

a;ffeln Oﬂﬁﬁ?ftldejkﬁﬁgﬁgeptlde poly%yr%]Ia @gev1ous clains,

Gheymkdesa if £ R RIga Rl ftaGholhbr RRRPIHIGR REr BDRRptide,

toxin, transcription protein, or nultimeric protein,
HRiYB@RﬁﬂﬁﬁnnﬂPQﬁbQﬂMm @@@lbﬁddl&nmqmeannQM%M&@rS&N@Oklner

ted on [ a 0 n
SRS Rt PR (Rl BT B Hor®] o,
uruhsﬁrﬂﬁﬁiqnwynﬂﬁanm,cb&inm;tumewhmc@rsamdnconjugated
protein or peptide is a native protein which has been
reacted with one or nore blocking groups to protect

Bhar 61 RO A LGRred o on s1a28F o sy Rereid

mldgaﬁéoegwcﬁ:%mhld‘xh PRI itdee ap et laeﬁl@jrodq»l agnest aes.ibody
sialic aci sugars, and/or starches. 12. A conpound

T amedithred in any one of the preceding clains, which

is a conpound of the general forrmula da; in mhlch one

of X and X' represents a polyner, and the

11. A compound as claimed in any one of the preceding

claims, in which said conjugated protein or peptide is a
native protein which has been reacted with one or more
blocking groups to protect sensitive groups thereon; or is a
protein which is additionally conjugated with one or more
polymers, small molecules which are therapeutics or

diagnostics, sialic acid, sugars, and/or starches.

12. A compound as claimed in any one of the preceding

claims, which is a compound of the general formula

(Ia)

in which one of X and X’ represents a polymer, and the
other represents a hydrogen atom;
each Q independently represents a linking group;

W represents an electron-withdrawing moiety or a moiety
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ot her represents a hydrogen atom each Q i ndependently
represents a |inking group; Wrepresents an

W@R@on#75m0 Wi t hdrawi ng noi ety or a noi et ypr epar Bai/6BR008/003409
reduction of an el ectron-withdrawing noiety; or, if X

' represents a | yner - Q W _together . r epresent.
R A oo R ST B Gl L A H T G G ety
$EPrES e Srap RO SHEY ,a Yool vk ehedt-npn tWddteaWindy represent
group Wtogether with the interjacent atons may form a
31 riyt e L p@prreisdi Wl I sHEUP o gl peptAddE Yidiked & & A

. St dion _ . . Lk
T S S R s P R e e o
torget Heany igrte Wi imt r3j a dercorgieursd mesyy doadmred rimg;
claim 12, in which each Q i ndependently represents a
di rect PortEPEEEN D AINEAEHS Godp Pesitigle linked to A and B

[ | W substifut aryl or heteroaryl group, any
Vggvagﬂl%aly shiddited;

e termnated or interrupted by one or
nore oxygeis ai ans; Slkyasife atronEl, ker\R egieOps iin Wwhicch
R represents a hydrogen atomor an al kyl or an aryl
group, Ketis gr dupsl c0LCG1-gradupslensd/agr algern@lene chain.
groups. 14. A conpound as clainmed in claim13, in
which Qis an al kyl ene group or a direct bond. 15. A

oMol Ridedidiid gl a3 amn didh FhacH @
whi ch Wrepresents a keto or al dehyde group CO _an
axienenpaiupl ¥ O-a@re ANt sulPheed drodgh aSO120 alylgne

obt aj y, ot f FQUP L Qe
G o TR S PR R A fhd MR neteddhryl groue,
amyt helf awid ingh greouphe 1ite rrAl reedrqabd und iag eddraipied iy ame or more

n f clai 1 1 i n [ [
c%g%eor} Sactlgfmsn,s su pghour 5a’toms,Wh—I th g)golusiasa i%o%r}%rﬁ Ral}dep)§esents

a hydrogen atom or an alkyl or an aryl group, keto groups,

-0-CO- groups and/or —-CO-0- groups.

14. A compound as claimed in claim 13, in which Q is an

alkylene group or a direct bond.

15. A compound as claimed in either claim 13 or claim 14, in
which W represents a keto or aldehyde group CO, an ester
group -0-CO- or a sulphone group -S0,-, or a group obtained
by reduction of such a group; or in which X-Q-W- together

represent an electron withdrawing group.

16. A compound as claimed in any one of claims 13 to 15, in

which X is a polymer, and X'-Q- is H-.

17. A compound as claimed in any one of claims 1 to 11,

which is a compound of the general formula:

X=[Q-W- (CH=CH) y- (CH2) 2~Z ] (Ib)
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17. A compound as clainmed in any one of clains 1 to

11, which is a conmpound of the general formula: X -

WO QOW4T58H=CH) v- (CH2 )2-Z] V. (Ib)in which XPCT/GB2008/003409

represents a polymer; Qrepresents a |linking group; W

represents an el ectron-w thdraw rou or._ a

Y SRS TP HRSRIS G EOTLYF T61 CoeEBE Ao vl ing

JRIBRY W bR S0 eqreca:ri:dnmvﬁ&@fdr%fwﬂnrgo@rbuboo‘l' a moiety

v ' represent an integer of from1l to 8 ; and

rEpeesdntss by prestusitd ooy of @éptell@é?ﬂriomlk@dtﬂderaalmg moiety; v

< s .cl gi lai

Q#%ﬁéyéaél(ﬂ%niéﬁld}ﬁ ﬁg %&p%gg%gé.gg}%tg%d r%p%e@qu an

ipreepgratd oIt rafm d Wu@casz Clegireeentis anproneiof otrhe

preceding clajns, whic nprlses reactlng a polyneric
Wﬁ%?g?at%werdeé’d@ma mllw%al 69 ‘pept i de

cont ai ning a polyhistidine tag under condi tions such

t hat conjugation occurs via said polyhistidine tag.

120, A compind ofs theigereral dermulia,(lih Wwhiwh ¢hiene.
of X and X' represents a polyner, and the other
represents a hydrogen atom each Q i ndependently

LRSSl 1SR M LR e i

V56 tE moitefy OrEgara

iredust i off etmeelp&@demn\ql i drigai, ngrhieihe tipmpeti s elsf réacting
" represents a polyner, X-Q W together may represent
3 P Y& i6n %r’tjh’d?raé\ﬂnor‘i‘g rgeoept Aidh R BIGitEiien ori pertide

JERESEMUS 2 RAIWTRL Hne 3R eheeh! %n\ﬁl‘ltttl@%%wsﬁ%h that

group Wtogether wth the interjacent atons may form a
adnjgrgaZ ireeprogsentss va aprsetiel podiyhd speptiinge tlaignked to A
and B via respective histidine residues;

20. A compound of the general formula

in which one of X and X’ represents a polymer, and the
other represents a hydrogen atom;

each Q independently represents a linking group;

W represents an electron-withdrawing moiety or a moiety
preparable by reduction of an electron-withdrawing moiety;
or, if X' represents a polymer, X-Q-W- together may represent
an electron withdrawing group; and in addition, if X
represents a polymer, X’ and electron withdrawing group
W together with the interjacent atoms may form a ring;

Z represents a protein or a peptide linked to A and B
via respective histidine residues;

A is a Cy-5 alkylene or alkenylene chain; and
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Ais a G-5 alkylene or al kenylene chain; andB is a
bond or a Cl-4 al kyl ene or al kenyl ene chain. 21. A

W@ oo9poursdo as claimed in claim20, in which saiBCT/GB2008/003409
respective histidine residues are present in the
native otein or peptid 22.. A process far the .
pr epar att or® of %O%%ncg%ﬁgla% aclllﬁflrp?é’de i Dhe Gye chain.
claims 12 to 16, 20 and 21, which conprises reacting
either (i) a conpound of the general formula (IDin

i chp oPRRAUNE @l O ainpaschrids értasing 4Fbl yier e t39d d
%%Eéc{ﬁ% %%‘E%&J]yf&s%ﬁfésataqg ggtééq{tei e native

ing group; represents an ron-w t hdraw ng
groupin ovy pdptdderepresents a pol yner, X-Q Wtogether
may represent an electron withdraw ng group; A
represents a Cl-5 al kyl ene or al kenyl ene chain; B

%ﬁpr %%ﬁ!&c@s@% od’hdégébgjne' Aara%‘é(ﬁénerb% y CQJHWLM‘IC?%% claimed

ain; ‘and each L in ently represents a | eaving
- rany are (¢f )claigonpidur df6,t 12 gewerZdl, fwdrimil adnprises
I n ich X, X" . W, A an have the ni ngs
HFEn TR S T ot A TR . b G50 S e x
represents apolyner, X' and el ectron-w thdraw ng
group WtogekKheQ-wifh the ipterjacent atons nmay form a
ring, and mrepresentg an integer 1 to 4 ; with a
protein or a peptide gontaining at |east two histidine
resi dues; and i%'deyTred—Téducing the
el ectron-wi t hdrawi ng group W. 23. A process as
claimed in claim?22, which is carried out (11)

in which one of X and X’ represents a polymer and the other
represents a hydrogen atom;

Q represents a linking group:;

W’ represents an electron-withdrawing group; or, if X’
represents a polymer, X-Q-W’ together may represent an
electron withdrawing group;

A represents a Ci;-5 alkylene or alkenylene chain;

B represents a bond or a C;-4 alkylene or alkenylene

chain; and

each L independently represents a leaving group;

or (ii) a compound of the general formula

X—Q— W' _aA—L
) ri

(III)

X'—Q

in which X, X’, Q, W, A and L have the meanings given for

the general formula II, and in addition if X represents a
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at a pHin the range of fromabout 6.8 to about 8.5

24. A process as clained in claim23, which is carried
wo@ui09as7580 pH i n the range of from about 7.0 toPEGBR008/003409

8.0. 25. A process as clainmed in claim?24, which is

carried out at a pH in the Hggge of fromabout 7.5 to

ey, X" ANd £l A EHAFRM ¢ e TG Wi th

tqlé:olW}fjac?él@laﬂidﬁ%d ndy &g B! AdP rl Aprkderdd an
and 21, together with a pharnaceutlcally acceptabl e

ioareder .1 20 W wrﬁimmmlastaﬂlralqmeh ipepdmydeomendfaining at

flaasltmst o hls]t8 2noe arned J,Zd]Ue or aaI’lcgé.afr ;Eaecselurteldcalredu01ng the
conp05| P on as ¢l'al med i el’aim use
d herafyn- &ithdkdﬁﬁﬂgxbmmqimeatlng a patient which
conprises adm ni stering a pharmaceutically effective

anount of a conpound as clained in any one of clains 1

Hal thTOE % 4 SRS N0 G dhit, WHieh 13 Tartled out
at a pH in the range of from about 6.8 to about 8.5

24. A process as claimed in claim 23, which is carried out

at a pH in the range of from about 7.0 to about 8.0.

25. A process as claimed in claim 24, which is carried out

at a pH in the range of from about 7.5 to about 8.0.

26. A pharmaceutical composition comprising a compound as
claimed in any one of claims 1 to 18, 20 and 21, together

with a pharmaceutically acceptable carrier.

27. A compound as claimed in any one of claims 1 to 18, 20
and 21, or a pharmaceutical composition as claimed in claim

26, for use in therapy.

28. A method of treating a patient which comprises
administering a pharmaceutically effective amount of a
compound as claimed in any one of claims 1 to 18, 20 and 21,
or a pharmaceutical composition as claimed in claim 26, to

the patient.
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