WO 2009/047500PCT/GB2008/003409 5Novel Conjugated Proteins and Peptides This invention
relates to novel conjugated proteins and peptides, and their preparation. 10 Many therapeutically
active moleguempsanexample proteins, do not possess the properties reqaired:nmeisve efficacy in
clinical medical use. For example, many native proteins do not make good medicines because upon
administration to patients there are several inherent drawbacks that include: 15 (1) proteins are
digested by many endo- and exo-peptidases 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 20 medicines are
systemically toxic or lack optimal bioavailability 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 rlsk of tOXICIt 25 sép.emallg/ [ un%lolcally derived toxicities.
Water soI?;bIe synthetic polyraeér By D228 Fewidely used to conjugate
therapeutically active molecules such as protelns These therapeutlc conjugates have 30 been shown
to alter pharmacokinetics favourably by prolonging circulation time and decreasing clearance rates,
decreasing syBiemienBRRE) C8nd il d&atal Cadkyy s ITIAY Fcredsed ehfitaFeffiRdcy. The process
of covalentlycopjugating MO 20Q9/04£309R I {GB2008/003409 polyethylene glycol, PEG, to
proteins is commonly known as "PEGylation”. It is important for optimised efficacy and to ensure dose
to 5 dose consistency that the number of conjugated polymer molecules per protein is the same for

each mojgcule, and that eachnolymer, molecule is,specifically covalentlyconiuggteddte the same

amino acid re5|due in each protein molecule Nonspecific conjugation at sites along a protejn molecule

10 results in AiSEBURBA B THONfUITATORBAGR AE Febtefty CuAEHiIGReBidrofi Yo Give a
complex mixire thatis diffigult andepensie WpHYe, many native proteins do

not make good medicines because upon administration o

patients there are several inherent drawbacks that include:

15 (1) proteins are digested by many endo- and exo-peptidases
present in blood or tissue; (2) many proteins are immunogenic
+o some extent; and (3) proteins can be rapidly excreted by
kidney ultrafiltration and by endocytcsis. Some molecules
which might find utility as active therapeutic agents in

20 medicines are systemically toxic or lack optimal
bicavailability and pharmacckinetics. 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,

25 especially immunologically derived toxicities.

Water soluble, synthetic polymers, particularly polyalkylense
glycels, are widely used to conjugate therapeutically active
molecules such as proteins. These therapeutic conjugates have
30 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



WO 2005/007197 describes a series of novel conjugation 15 reagents. These can be used to react
with nucleophilic groups in a biological molecule, for example a protein, to produce a protein-polymer
conjugate. Wesassagaots find particular utility for their ability to conjugatecvithBhetbrmalohur atoms
derived from a disulfide bond in a protein to 20 give novel thioether conjugates. Immobilized-metal

affinity chromatagra E %IMAC isas ang@ technigue for.the purification roteins and peptides. In
this techniqucaD,Ogl cefl?/ }/élgﬁ‘]eet %Hf%?teh r%’fe%rgd o %Eeal*hsls-lfasg'pé"sghco%fhgi?\ogfn coan(%iguous
histidine residteis: tyipicallyr® or 6 residues, not present in the native protein) is attached by synthetic
methods to a protein, generally to one of the termini of the amino acid chain. The resulting protein or
peptide is said to be 30 "histidine tagged". Polyhistidine tags bind strongly to metals such as nickel and
cobalt, via at legst Bva:ef the: histidinerresiduies: $» HMAEE polyhistidide taggetspraieinssareqpassed

over a nickel- or cobalt-containing column. The polyhistidine tag hinds strongly.to the column, thus
enabling e?gﬁgeedzﬁ%?én%%%rb(g’ %lh'g]c t RmXQ e A &agg%ﬁ’éﬂ\e/ﬁdely used, being

separate from mixtures. Po Wiggﬁng
attached to amvde canges op protpinstarnic péptidéstosenablédhe reahprodietsiderivedhitherefrom to be

separated frog, e A3 fwuie date. Same uiagaed. pialeins coplalpustiding gesidugs in close

proximity to each other, such proteins may also bind to nickel and cobalt IMAC columns, although
usually less strenglyethaatpolyistiding tagge@ pictemst SUNMNMARY wVe Haverd@f¥esnd BAtimproved

method of conjygating a r&f&!}ﬁq@@aﬁm@w REGs {0 piojginssangd-peptides,dndhisipethod, the
y

polymer is conjugated to a polyhistidine tag. It is believed that, surprisin%gé:reagents capable of

binding td & hi&iid Fesidud will SreféRItERY r@actRTAE PRl dIRe B Fatfdtdhan at a single
histidine residue-presgat ip, thetadiveuyetein. bhetesuting sogjigates atenpaes. mbeteagents of WO

2005/007197 act as extr egée@cient @d stable conjuggtin% aggnts for proteins and peptides
containing poﬁ}h‘—f’ﬁidﬁe %&5 &wen 38 oref){r%?enlﬁ%‘é%deeﬁld%s éG‘ntaining similar histidine structures
in the native protein to produce novel conjugates.

WO 2005/00718%7 describes a series of novel conjugation

15 reagents. These can be used to react with nucleophilic
groups in a biological molecule, 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

20 give novel thioether conjugates.

Immebilized-metal affinity chromatography (IMAC) is a
standard technique for the purification of proteins and
peptides. In this technique, a polyhistidine tag, often

25 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 sald to be

30 “histidine tagged”. Polyhistidine tags bind strongly to
metals such as nickel and cobalt, via at least twe 0of the
histidine residues. In 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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accordingly, the present disclosure 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. The present
disclosure further provides a method of conjugating a polymer to a p

€ 1;{%@% r peptide, which comprises
introducing & pelyhisiigine pagamdsakppﬁﬁeiﬁe&ad'efﬁt%%,,Iafn?insﬁ[bsequ‘énty reacting said protein or
peptide with a polymeric, conjugafion reagenrtiandercondjtionsisuchethatcdrgdgatorFotein via said
polyhistidineﬁ%&@&Egrldci'lrlfgz]1 fo ggfl#st aspect, there is Providedbg]gr;g‘(%egﬁ fg(__t Rreparation of a
compound of thesgendrapfalimakas -@@(Iﬁ?ﬁ?@vﬂﬁfﬁ oife 8(’?; d X'represents a polymer, and the
other represents .a Q}édrplgggaaftggﬁ eachQ independentlyfepresents atinkinggrdup - =W repres,ats
an electron-\ﬁﬁﬁ&%wlng" moiety or a moiety preparable by reduction of an electron-withdrawing moiety;
or, if xt 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 o, A and, % vciﬁ?é)eolyhistidine
tag attached g saicprotejpst peptideiard contairing HoRt 24672 FERiAE T8sidlies; Ais a Ci.5
alicylene or aél;eongi%r}% gh%ig; ggghB is 2 bond.qra G4 akylesng 05 afkepykehechaimd to

nickel and cobalt IMAC columns, although usually less

strongly than polyhistidine tagged proteins.

SUMMARY

We have now found an improved method of conjugating a |
polymar, espacially PEG, 1o proteins and peptides. In this_
method, the polymer is conjugated to a polyhistidine tag. It
is believed that, surprisingly, reagents capable of binding
to a histidine résidue will preferentially react at the
polyhistidine tag, rather than at a singleAhistidine residus
present in the native protein. The resulting conjugates are
novel. The reagents of WG 2005/007197 act as extremely
efficient and stable conjugating agents for proteins and
peptides containing polyhistidine tags, &= wall as for
proteins and peptides containing similar nhistidine structures

' ‘ r ] es.
in the native protein to produce novel conjugat

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

i i sal otein or peptide
or peptide, and subseguently reacting said pr pep



which comprises reacting either (0 a compound of the general formula X-Q-In 1 x -Q B-L in which: X,
K, Q, A and B have the meanings given above; W represents an electron-withdrawing group; or, if X'
represents a polymer, X-Q-W' together may represent an elecgon withdrawing group; and -ac'n L
independently represents a leaving group; or (i) a compound of the general formula X-Q-W ' -L in
which X, X, Qh\é\l{%A and,L. hg\lzdgéhecg}pﬂm%gﬁgﬂ/eggggmtgenﬂiaﬁm@mﬁlipaﬁd fr&ddition if X
represents a’po rhén X1 an electron-withdrawing, group W, to_gkethgrn\évitpatgne inte,rjacent atoms
may form a rmgaﬁrmbmljrm@sl@ﬂs%mﬁf@ge‘ﬁiatoséﬁ\%tﬁ’gﬁ&ﬁn’%%é pepfidé ‘carrying a polyhistidine
tag attached to said protein or peptide and containing from 2 to 12 histidine residues; and if desired,

reducing the electron-withdrawing %gugs\élé(@'e polymer conjugates of thepresent diseldsife are

novel, and th%cpfr‘é“é%?*ﬁ‘%lis?éfosaure therefore also provides a cgn},%%nq comprising a polymer

conjugated toagrateinionpeptidec SERPEOR| alicit bETRG Vid a polyhistidine tag, per se. Such
compounds may be represents by the general formula;

X—0—W A\
I
B

%' =Q
(Ia)

i1 which one of X and X' represents a polymer, and the other represents a hydrogen
atorm; 7

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 2 polymer, X-Q-W- together may
represent an electron withdrawing group; and in addition, if X represents a polymer, X' and
el‘ectron withdrawing group W together with the interjacent atoms may form a ring;

7 represents a Protein or 2 peptide linked to A and B via a polyhistidine tag
attached to said protein or peptide and containing from 2 to 12 histidine residues;

A is a Cy.s alkylene or alkenylene chain; and

B is a bond or 2 C;. alkylene or allkenylene chatn;

which comprises reacting either (i) a compound of the general formuia

xr—g” 2L

(D
in which:
X, 3, Q, A and B have the meanings given above;
W' represents an electron-withdrawing group; or, if X’ represents a polymer, X-Q-W'
together may Tepresent an electron withdrawing group; and
each L independently represents a leaving group;

. . e '
or (i) 2 compound of the general formuiza
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X-Q'-(his)u-Z(1) in which X represents a polymer; Q' represents a linking group; (his) u represents a
polyhistidine tag containing u histidine units; and Z represents a protein or peptide linked through said
polyhistidine tag. ugation reagent capable of bonding to a may be used in the process of the Such

reagents include the bifungﬂg@gﬁ@ag_ents which as well as binding to polyhistidine tags, have also
e

been found histidine res%ue§pre ﬁfrroZ%*BEHﬂ‘g present in residues are located sufficiently close
native structure to enable conjug

ation|of the bifunctional together in the reagent to both histidine
residues. Accordingl)g{ in__ajre']cmaspect, the, present invention further provides a compound
of the general formula

(I1I)

in which X, X, Q, WL A and L have the meanings given for the generzl formula L ar.}d in
addition if X represents a polymer, " and electron-withdrawing group W' to_gether‘ ‘with the
interjacent atoms may form a ring, and m represents an imteger 1 to 4; with a p#o‘felln ora 7
peptide carrying a polyhistidine tag attached fo said protein or peptide and containing fom 2

. : . "
‘6 12 histidine residues; and if desired, reducing the electron-withdrawing group W

i ovel,
The polymer coniugates of the present discleosure are I

and the present disclosure therefore also protides a comézrédﬁ‘a{A
comprising a polymer conjugated to & protein OI 1;36&;;1:3.1~ea;1 said
conjugation being via a polyhistidine tag, fer se.. Suc
compounds mey D& represents Dy +he general formula:

¥=0' - (his)yu-% {I)
in which X represents a pblfmer; o' represents a l%n%ing
group; (hislu represents a polyhistidine tag contamélng u; »
nistidine units; and 2 represents a protein or peptide linke

through said polyhistidine tag.

4 £ } to a
Any polymeric conjugation reagent capable of bonding
re E ) ‘ |
y )
1yhistidine tag may be used in the process of the +
- ~ ents include the pifunctional reagents
preseﬁt disclosure. guch reay )
s ot idine
£ WO 2005/007187, which as well as binding 1o polyhistidin
o ,
£ bindi to two
+ags, have zlso been found to be capable ot binding
’ N .
] ! : ' eptide
nistidine residues present in a native proteln or pep
| istid r uch
(1.2, nol being present in a polyhistidine tag) where 8
esiduss are located sufficiently close together in the
r S — L
- i ' £ i tional
native structure tO enable conjugation oL the bifunct

histidine residues.
reagent to hoth histicdine I

4y



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 thelinterjacent atoms may form a ring; Z represents a
protein or a peptide linked to A and B via a polyhistidine tag attached to said protein or peptide and
containing from 2 to 12 histidine residues; A is a 01-5 alkylene or alkenylene chain; an i$ a bond or
aCl4 alkylent%‘ Oralken ?%’e chain, Asﬁ?%necf g%gaﬁcgf'no‘%/%cf anﬁ%%ﬁ}:%ls Jél‘g\é%%g%%%og[ﬁ%%sent
disclosuissisrepresentst] by thérgenerat formufarX{QW-(CH=CH)v-(CH2)2-Z]va(lb) 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%ﬁ@fﬁ resents a protein or a peptide linked via a
polyhistidine tag. In these compounds, V' preferably repfesents an integer from 1 to 6, preferably 1 to
4, for example 1. Preferably v is O. % -0 BI

(Ia)

4b



Other reagents which may be used in the process of the present disclosure include reagents that are
capable of acylation or alkylation. Such reagents may be mono or multifunctional and include for
example PEG carbonates (e.g. PEG-p-nitrophenyl carbonate, PEG-succinimidyl carbonate,
PEGbenzotriazolyl carbonate), PEG carboxylates and PEG esters e.g. PEG-succinimidyl ester and
PEG-p-nOtrophenyirestdd sid theirderivafives): PE@%%%E?P‘E&?@W%W—@%? Fhe
PEGdichIortcgi@§iQ§ Qs L}[gg%i@gi@,@%@d@@y{ ssifene, PEG maleiimide and PEG-iodoacetamide;
and corresponding reagents containing polymers other than PEG. Z in the novel conjugates of the
present disclosure saaynbé deriverdroprst pitsREIIE BSTRIE ThrdlighcutdhidSpiecification, the term
"protein” will be used for convenjence, an cept w * ires otherwise ~keferences to
"protein” should bewurFoee%Fo%%FT%‘oeapefé%%%%%egt%%}:egr%gglp &%&rﬁﬂggtgﬂ a§ thiFr%raspect,
there is proviged.a precess-3s defined aboveZinanhiehdhe compotinupreparen B edipound as
defined above. According to a fourth aspect, there is provided a magceutical, it
comprising &&empouhd d‘ée&é‘:fﬁse%f%ﬁo@eﬁgg%e&(/vig gzd ;ﬁarn?aggegubtﬁ:% y%gfg}c’egta le gﬁﬁer.
According to:a fith aspest thereris providedzr compoand asrdefitiltdlsove, HF apharmaceutical
composition as defined above, fqor use in therapy. D - T, rotein forming part
of the novel EERTGEREGFHR .pf%%%“ulearl’a gus’fl %ﬁnt%?r-lg at iea%t?v%o% %E%ﬁ%si ues.ﬁrhese two
residues may; bepreseatingthemative drotainjane ifsscs thentwaonsasideesinust bedocated sufficiently
close together in the native structure to enable conjugation to the gr%)aupls.Agn %.OTaisarplgy cecur
when two histidine residueSaiEaaREENEIFERHT Ofhet n T BRteRcham. of they:may be close
together as asgsult of ihe foldingsef the pugtein: Sush:proteinssgederalty birid toIMACSBERARiNSTFdr
example, the prokaryotic organism Escherichia coli has onge grotein known as YODA where binding to
IMAC columr&B5A 8. EBPBferably), HoWeldr thBIWG histiding 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 eans, o1 pxample by chemicahmganshy pestztranslational labelling
with a polyhistidine tag or a moiety containing a polyhistidine tag, or via protein engineering by
inserting histidine sequéhces i fasipA With thétargét proteineforexaniifa byahe usesdfa gene having
a short coding sequence which codes for a polyhistidine tag of the desired length.

2 further group of novel compounds according to the present
disclosure is represented by the general formula:
%= [Q=W= (CH=CH) v+~ {CH2} 2=Z ] (Ib)
in which X represents a polymer; Q represenits 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

bt

integer of from 1 to 8; and Z represents a protein or &
peptide linked via a polyhistidine tag. In these compounds,
v' preferably represents an integer from 1 to &, preferably 1

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

Qther reagents which may be used in the process of the
present disclosure include reagents that are capable of

acylation or alkylgtion. Such reagents may be mcono or
multifunctional and include for example PEG carbonates (e.g.
PEG-p-nitrophenyl carbonate, PEG;succiﬁimidyl carbonate, PEG-
benzotriazolyl carbonate), PEG carboxylates and PEG ssters

{e.g. PEG-succinimidyl ester and PEG-p-nitrophenyl ester and



WO 2009/047500PCT/GB2008/003409 Polyhistidine tags may contain any desired number of histidine
residues, for example up to about 12 residues. They must contain at least 2 residues; preferably they
contain at least 3 residues, especially from 4 to 10 5 residues, especially from 5 to 8 residues, for
example 5 or 6 residues. They may contain only histidine residues, or they may also contain one or
more spacey residues ot nges inaddition,tg histiding r gi%u’es.’ 0 The exact nature of the
binding preégehnef%ﬁ th%’%r?j%%%?é’s% f th'e”’p“?esaen %‘ ean ibn%é“ﬁk\o Eﬁrsrgr}ftlyolgnow“r? : prg% ration of
one possibld tonjugate; iikustrated wstgh & spetifit xedgent iPbhichieadh SOR2RrepreFHYs a leaving
group, and in.which R pref a?bl represents an alkyl, aryl, 15 alkaryl or araléxl roup, esap“ecjally a tolyl
group, is sh%&v@ﬁﬁﬂd’dgr'é 1S Eo tf%e“%céoorgggr?ﬁﬁ&%%%ihgg |gﬁ?e%2(sa5) an How? ERtéfnative

' conjugates prepazabiérty thelpmeess of Eiurédatt i®BSsumed in Figures 1 and 2 that bonding is to

adjacent histidine residues, but bonding to spaced apart 20 histidine residues, providing that the
spacing is ngt %%o %{QGI}QVQVGV&Q} ,forméition of the conjugate,'pqnnot be ruled out. In addition to
carrying a polyhistidine tag, thé PrOtEIA iy D5 bESEmnaeEd B reiesoraisevifresired. In particular,
prior to conjdgatiorzdhe native preteie Mayciave bagn teacted with yatious blocking groups to protect
sensitive grqu esctlheg%%r%ioorgt may have been previously co,njjugated with one or more polymers or
other moleciifes, aither using 30THe protBss Bfthrsiventitror B8ing 2fraliedmative process. Further,
the conjugatesrofshé smentioanmay havsonmermEoradditaaakiolyagrs: (nguding proteins) or other

molelcules GO ted to the paoteiqafter,,co%%%zittion according to the invention. Novel conjugates

a
according to %ﬁ&?ﬁ&ﬁooﬁé%@éﬁooé 6o tfe BRELERE IRRALGR iPRhEhIREP6EEN is
conjugated tecone or twd mdditiorappalyaters are shown in Figures 3(a), 3(b) and 3(c) respectively of
the accompanying drawings. In these Figures, polymers together with their linking groups 5 are shown
schematicall@seAd Brantd<C awhilend, waipelcz repiesentthertotatimgmberof poigmers A, B and C
conjugated igany-eembination fo theproteinviaistidine residues.@f courseoggriygation of one or
more polymers via residues other than histidine is also possible. As well as being 10 conjugated to one
or more addﬁ{l?)?’féﬂﬂ%olye1 &YS (including proteins), the protein may be conjugated to one or more
molecules selected, for example, from small molecules, for example therapeutics or diagnostics; sialic
acid; sugars;xand starhes, B and.Cn Bigiwe 3 maytherefore-rapresent suehba faoleculas. In
addition, Figlé[%BOssh,otws A, B and C located ad'acerc'it eac otther,dbg}othis is {:nere%schen?%tic, and . -
they may be Spaced apart front each other ComPoUne a8 Gelinst above, together wi
a pharmaceutically acceptable carrier.

According to a fifth aspect, there is provided a compound as
defined above, or a pharmaceutical composition as defined above,

for use in therapy.

DETATILED DESCRIPTION .

The protein forming part of the novel conjugate of the

form T ' i ' :

rormula Iz must contain at lsast two histidine residues.
- . . -

These two residues may bs present in ths native prote

if s0, the two

in, and
residues must be located sufficiently close

together Iin the native structure to enable conjugation to the

roups A ! i lstidi
g P and B. This may occur when two histidine residues

are adjacent to esach other in the protein chain, or they may

be clese etl i
se together azs a result of tha folding of the protein.

Such proteins generally bind to IMAC columns, For example
i

the prokaryotic organism Escherichia coli has one protein

known as YODA whers binding to IMAC columns can ocgcur.



Many proteins supplied commercially contain polyhistidine 20 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, 25 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 Pleadintpiola paPiciaaiiy 30 Skl dhd Seledi Goriigatre  §eneraily btdined'in high
yield. Becausg t%% \g\gi&’fﬁ%&%&a&@e&er@w attached i the surface ofithe preteid, genetally at one
end of the protein WO 2009/047500PCT/GB2008/003409 chajn, and c{_agn bfg}lggsizign%g gt any desired
site in the protest, ithie BISIBERER atfiviRPEFtheSsrotei r‘@‘@ly%ﬁ?lﬁﬁt&ih g folowing thie process for
introducing a Bqlgkaiét__igin@rtaigegag@sg,iollg\j\ﬂmgm% shibsegiient proeesstd bt sitg-speeificcednjugation
at the polyhistidine tag to a polymer. For_these reasans, t resent invention.can.he u o form
conjugates of PFcteins \}QI??iic’rl:\clﬁv“etf)’fger\‘/f’c}lfsttﬁL o\ d i%sﬁ%%%%ﬁg to f’rgaiti%ngfjéa'njﬁ%a‘itgl{oér? %?tocesses.
10 Provided that @ pelyhistiginertageontainsiagutiicient phier df thistickee residués; a conjugate of
the present invention may still be pyrified using IMAC. For, this to ffective, ast.two, preferably
more, histidiné’fésidires ﬁf“tﬁanpecﬁ%ﬁ%ﬁd%% tégsnee%% t%grelrjnléﬁﬁ%%%%oﬁu%%%é}d" 2?%%5% ffvailable for
binding to the pickebin thedMAG cotumpzThe redeadtion ificthesnanbarotired histidife esidues post
conjugation allows for selectivity in binding_t tn:ﬁ [ .colum eeplncopjugated peptide or
protein and th& EBRjugaled defiva |\?er.RNi’qu>ée)l m It%é%ﬁ%@a%@eéﬂc%?s&% 2(£)1 J:t&hl%zaésame biological
molecule, IMAG-allovis fordseparatign of thdmultkednjpgalezhdéfivatives. A polymer in a conjugate of
the invention (e.g. X or X') may for example be a polyalkylene glycol, a polyvinylpyrrolidone, 25 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,

6a



30 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, inglydempolyssters, polyacetals, poly(ortho esters), polycarbonatesy jgaygiminsesearbonates),
WO 2009/047500PCT/GB2008/003409 and polyamides, such as poly(amino acids). The polymer may

be a homopoliyr‘r_aterh rasr%q%'g &é)pgg/%r?e;ngr a égrgggﬁﬁll%ggﬁra%%g%glymgghoafs a block copolymer.
0 r

For example |tom5y be & bloc cop ymelyderlved om two or more alkylene oxides, or 5 from
poly(alkylenetoxide)cdneitiesrial polyesiarr pokaepts, paty (orthehester)l r BsolgE@dino acid).
Polyfunctiona} polymers that may;be used include copalymess of {Jb@@ﬂ@gﬁwa@g@nhwride and

styrene-maleic anhydride. 10 Naturally occurring polymers may also be used, for example
polysaccharid%é@é‘r@éﬁla@Ehi%iﬁ?aéxﬁaﬁﬁééﬁﬁﬁ?chif’o%%%%ﬁa]riﬁ, dIrfbe, ‘Glyddyen, poly(sialylic
acid) and gerivativgs thereet A prateinmayde gsedas the polymey, This-alowssosjugationdf one
protein, for example an 15 antibody or antibody fragment, to a second c‘%mtleﬁig’ for exam%e an enzyme
or other activé PFofET Shlso i 8 itile SOHaHING & LAty SEG0EN e &1 TRE foPéxampie an
0-glycan accepior site forqgyeesyitransfetasand allowsstheineerpbdation ofra salystrateesr atarget for
subsequent 20 en?r/imatlc reaction., P%I.Yénerésssjygg as polyglutamic acid may also be used, as may

hybrid polymé‘ré ORI nla?fﬁrlaﬁ1 MONGMers SUch as saccharides or amino acids and synthetic

monomers such as ethylene oxide or methacrylic acid. 25 If the polymer is a polyalkylene glycol, this is

preferablyone.conlajaing Gz 8ndior 05 WRLs s sspecialy apalyelulene.dlyegh Agolymer,
particularly a po?ya‘l?y?ene glycol, may contain a singlé linear chain, or it may have branched
morphology arEcar b edbmposeensimany Thamis &ither SotdialfePtarge. THE so-called Pluronics

are an importgpt.elass of PEG blogkecopalymsis: Theseryewderivedifiam,ethylene«pdde and

propylene oxide blocks. Substituted polyalkylene glycols, for example methoxypolyethylene glycol,

may be used SRS bicErrEa AFRbSdiRTent ol the fRERLGHZE TFEZL 02 7800PETT5B20081003409
single-chain pelyeipyleseglyeolis initiateddaed suiiahle greppefosexanple ankalkoxy e:g, methoxy,

aryloxy, carboxy or hydroxyl group, and is connected at the, other e f the chain to a linking group Q
OrQ'aS&iCu% 58 (mﬁ; é&aygyﬁ group, 689601J¥iy a téEE% group, 18 showg

in Figure 1 of the accompanying drawings. Figures 2(a) and

2 (b) 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
20 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

25 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

30 the process of this invention or using an alternative
process. Further, the conjugates of the invention may have
one or more additicnal polymers (including proteins) or othex
molelcules conjugated to the protein after conjugation

according to the invention. Novel conjugates according to



5 The polymer may optionally be derivatised or functionalised in any desired way. Reactive groups
may be linked at the polymer terminus or end group, or along the polymer chain through pendent

linkers; in syeh KAsR4IER polymer is for 10 example a polyacrylamide, polympthemngamide,
polyacrylate, polymethacrylate, or a maleic anhydride copolymer. Multimeric conjugates that contain

more than one biological mo'““'%%?%{leiur{t inhsy erg'ﬁgc and addriltiviesb%

nefits, If desired, the
polymer mayB%@c&ﬂpef’eS& 15 a'dblia support usfﬁggll conven%ﬁgﬁ%ethods. %leoqpiatﬁﬁémgr%olecular

weight of the pokymer wmoqfaxﬂm:’csa'depén@@bmhe intededapplicatidr.cRregsrablya the number
average molegulay Welght sJp the aae el ol 63004W0L, 2R dnpexample S0g/mple, toground

75,000g/mole. en the compound of the general formula | is intended to0 leave the circulation and
penetrate tisstieefr xdgriplesor Dsé WNEHEStréaFREREST iNA&MntathtcaustEB\e nflighBACy, infection

or autoimnune, disease, Ory, kadma, imay be advantageous tq,83 usea lowesfpolecular weight
polymer in the range 2000- 30,000g/mole. For applications where the compound of the general

formula | is inESTIRFRert&iR it eirddiafibiehay b advaREGebus fo 838 ShiGREP HbREGTar weight

polymer, for example it range 6h2@.0001e/ 1080gARole: 30 Therpelymer i@ bedised. sluguld be
selected so the conjugate is soluble in the solvent medium for 'gs intended use. For biological

applications, FEHE Ry T3P dREHOSTR applicafforts ald theraPelfic Applicaticns or cifical WO
2009/047500B€H#E B20a8/ 6030 thesa peutcl admpruistsafidreto a kzameial, the donjugate will be

soluble ingaueous, media, Many proteins, such asanennes ays il o industo e gxample to
catalyze chenticar reactions. For conjugates intended for use in such 5 applications, it may be
necessary thatihé ebngigatéive solgblein aitherbe botm atggedgsiang organie nédias The polymer

should of courge; not ynduly irppair the intgpded fypgtion et the RIQIBIA. molecules, for

example therapeutics or diagnostics; sialic acid; sugars; and

starches. B and C in Figure 3 may therefore represent such
153 molecules. In addition, Figure 3 shows A, B énd C located

adijacent each other, but this is merely schematic, and they

may be spaced apart from each other.

Many proteins supplied commercially contain polyhistidine

20 tags, either because the protein has been previously purified
by way of IMAC, or tc 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,

25 previously not envisaged. Conjugated products, specifically
PEGylated products, can be obtained with a high degree of
consistency. Use of the conjugating reagents of
Wo 2005/0067197, resulting in conjugation to two histidine
residues, results in a macrocycle, leading to a particularly

30 stable and selective conjugate, generally obtained in high

yield.,

Because the polyhistidine tag 1s generally attached to the

surface of the protein, generally at one end of the protein



10 Preferably the polymer is a synthetic polymer, and preferably it is a water-soluble polymer. The use
of a water-soluble polyethylene glycol is particularly preferred for many applications. 15 The polymer is

suitably covglgnthwakead to the polyhistidine tag via a linking group. A linkiiga gigidpefiigeshe formula |
may include a group W (i.e. Q" may be equivalent to -Q-W- of formula la). A linking group Q' or Q may

for example be a direct bond, an alkylene group 20 (preferably a C1-20 alkylene group), or an
optionally-subsStitdied &5PofRBterGakf Bh?dpc,’ré%% SFWAIEK n‘%’f b& ?grn’?ihg?edl& ﬁ%@rrupted by one or
more oxygenstems; sylpiie atansodNR groues (nikkich R has thernteahing. givesrigelow), keto

groups, -0-00- groups and/or -00-0- groups. 25 Suitable aryl groups include phenyl and naphthyl
groups, While“é%'rﬂfb?éﬂ%gerég%g 8‘?’ %1[% %%Fuo%rgﬁ?dslﬁe%%#dlggfﬁ?gﬁcﬁﬁé)n?imidazole, pyrazole,
oxazole, pyridazige,iprtiniline ahdqpurared Thbdmkigeltowhe pobyinte smay ey Wayroefce bgdrolytically
labile bond, of py.a pen-laile bond. 30, substivianis whishmay Rniesent g0 angelopally subsituted
aryl or heteroaryl group inc ué’e or example one or more of the same or different substituents selected
from -ON, -NO21 YBERR, -EON HGH2ZOFE2EOR,-OR&-(DORS c0J0 R VB L gpocan be

2009/047500BC{CE200890340% HAR, SO2R, AHHTOR. MRGORNHERIR NI COZR, -NO,
-NHOH, -NR'OH, -C=N-NHCOR, -C=N-NR'COR, -NTR3, halogen, for example fluorine or chlorine,

-CECR, -C=0RP%7f -E2CaR bW Rich%dchPR IGriRNAde SEideHf repReserRE &5 Rijdrogen atom or
an alkyl (preferably C1-6 alkyl) or an aryl (preferably phenyl) group. The presence of electron

withdrawing substituents is especially preferred., Preferably the grou which Jinks to a hydrogen
atom in al¥0 E&MAPLERT of the f&rnﬁﬁ/&?@i‘ss SA AR el %ro(iﬂf%%é %%e%t Sblr% 7 %)%?%referably, X in

formula la is apabsaer ANdDE+Qd ixnld-. AW rhdy der, exampleirepsesent & kéte qrraidehyde group CO,

an 15 ester group -0-00- or a sulph roup. - -, Q" agroyp ghfained by reduction of such a group,
e.g.a CH.Ongnr‘g%%‘fjéﬁnetﬁlgP’gr%)ﬁlb H%(%R?%ﬁ%sﬁeérggg%sgﬁg H%}‘&:(O)R, an amine group CH.NH2,
CH.NHR or CHERRZ; ‘orean amidee€HNHE(0) R0 IGH NE(0YR)2e i YorWoioertiésrepiésent an

electron in the polyhistidine tag need to remain unconjugated and

15 available for binding to the nickel in the IMAC column. The
reduction in the number of free histidine residues post
conjugation allows for selectivity in binding to the IMAC
column between unconjugated peptide or protein and the
conjugated derivative. Where multiple conjugation occurs to

20 the same bioclogical meolecule, IMAC allows for separation of

the multi-coniugated derivatives.

A polymer in a conjugate of the invention (e.g. X or X') may
for example be a polyalkylene glyceol, a polyvinylpyrrolidone,
25 a peclyacrylate, for example polyacryloyl morpheline, a
polymethacrylate, a polyoxazoline, a polyvinylalcohol, a
polyacrylamide or polymethacrylamide, for example
polycarboxymethacrylamide or a pclyacrylate or
polymethacrylate with phosphatidyl choline pendent groups,
30 such as Z2-methacryloyloxyethyl phesphorylcholine, or an HFMA
copolymer. Additicnally, the polymer may be one which is
susceptible to enzymatic cor hydrolytic degradation. Such
polymers, for example, include polyesters, polyacetals,

poly{ortho esters), polycarbonates, poly{imino carbonates),



20 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 25 reagent is

being used ypgdahighspsotein or peptide is being conjugated. Such condifigfgsapoyiiiiathe common
knowledge of the skilled man. For example, the pH for the reaction will generally be between pH 4 to

pH 10, typically between abqut 6 and about 8.5, for example abqut 6.5 9 8.0, 30 preferabl
POuCT 0.7 B AP EEARDN SHFE (ISt b DEDIRE 1P b bt ot RS T SR Tally be
above 0.20 mgémi andniypicaliynabeve Ordiong/nbfol exampter 05 wigimEtoxt Hlig/mhék Mzhere the

process uses the difunctional WQ 2009/Q47500PCT/ 008/003409 SO 05/007197,
the process c%%%grjli r%er%a%ﬁﬁa either (i)c%oc%ﬁr(nﬁzggjn%%%t }é'ger?égc?gl f%gr{%%lﬁj:lrg(éév\\//}é%ﬁ%’(e g B-L (1)
in which one bl ¥cand-Xbrelyesentderpolyrhef 2emd thecother BeapresthislahyderdeieaiomIQ

represents a linking areun;, ;  We FRPrESeRis an, lgclroppuithdraing, graup, fopexample-a keto group,

an ester group -0-00- or a sulphone group -SO2-; or, if X' represents a polymer, X-Q-W' together may

10 represent BABIESFSR NithBFaFihg GrBup: RILBIESBHS atsii & alkyléite BF dikehiRStetchain;

polymers that may be used include copolymers of divinylether-

maleic anhydride and styrene-maleic anhydride.

10 WNaturally occurring polymers may also be used, for example
polysaccharides such as chitin, dextran, dextrin, chitcsan,
starch, cellulose, glycogen, poly{sialylic acid) and
derivatives thereof. A protein may be used as the polymer.
This allows conjugation of one protein, for example an

15 antibody or antibody fragment, to a second protein, for
example an enzyme or other active protein. Also, if a
peptide containing a catalytic seguence is used, for example
an O-glycan acceptor site for glycosyltransferase, it allows
the incorporation of a substrate or a target for subseguent

20 enzymatic reaction. Polymers such as polyglutamic acid may
also be used, as may hybrid polymers derived from natural
monomers sich as saccharides or amino acids and synthetic

monomers such as ethylene oxide or methacrylic acid.

25 If the polymer is a polyalkylene glycol, this is preferably
one containing C, and/or C; 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

30 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



B represents a bond or a C1-4 alkylene or alkenylene chain; and each L independently
represents a leaving group; 15 or (ii) a compound of the general formula in which X, X', Q, W', A and L

have the mq@@jm@y@m for 20 the general formula Il, and in addition if Xgepregenisiazaglymer, 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 containingiat least two histidine residues. 25

WO 20091047500 Pe THEBZD 00340 TRE ohfutibnireadanisit R 1 4ré cABMiddifequivalent

to each other, apd are dlescribadin Wer2005/00719% Hheyrrerdharacterised by, having axy
cross-functionalised, latently cross-conjugated, bis-alkylating moiety that is selectcilve r.5 two
nucleophiles.Cthé ¥R s TaRTEd ofiftndér &%ﬁ'fﬁé\:se (ﬁﬁtth%ie%hé)a}:h

_ _ eaegren?%lné)s tot Wo histidine
residues in therproteindo Heicganjugatesi- this sarprisig theat highs sekestivityotolwo histidine residues
may be obtained. Other conjugation methods tend to produce mixtures 10 of products; for example, it
has previoq,lsly been found difficult to bind selectively to histidine residues rather than to lysine
rggic()jgss.NTher%e@@Jlieﬁyj;ngn@u;ptﬁ@mﬁdr;eﬂ%nrderepzes‘eméesax15u86)t2:R;na1ised

- ,-N+R3,-N+HR2 -114H2R, halog or -Q0, in which R has the meanj v, ove, and 0
represents a $(ibétitdte g&fee%sp"é%yaﬂy OhesT oreuf ~comainig a?feegf% grg;eg%?gcgtrngg%vithdrawing
substituent, faroaxanple=EihiNG2, 6CCIR, - COHP-ClH204, cCORNMORDTER, F-ODO2R,

CRNHCOR B RENREOR NIRD NFHIRS L1138, hdlogn, Sepeialy chiofe or,
10 example a polyacrylamide, polymethacrylamide, polyacrylate,
polymethacrylate, or a maleic anhydride copolymer.
Multimeric conjugates that contain more than one biclogical
molecule, can result in synergistic and additive benefits. If

desired, the polymer may be coupled to a solid support using

15 conventiconal methods.

The optimum molecular weight of the polymer will of course
depend upon the intended application. Preferably, the number
~ average molecular weight is in the range of from 250g/mol,

20 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, 1t may be advantageous to

725 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
axample in the range of 20,000 ~ 75,000g/mole.

30
The polymer to be used should be selected so the conjugate is
soluble in the sclvent medium for its intended use. For
bioclogical applications, particularly for diagnostic

applications and therapeutic applications for clinical

11



especially, fluorine, -CECR, -C=CR2 and -C=CHR, in which R and R' have the meanings given above.
25 Typical structures in which W' and X' together form a ring include WO
2009/047509BCH4aB2008/003409 in which n is an integer from 1 to 4, aretAsg20080803M4111b) 5 In one
preferred embodiment the process according to the invention uses a reagent of the general formula:
10tornodum%%gggggg@ygggg%g%q§%¥g§gggoggugxﬁggggi’ the conjugate will be

soluble in agqueous media. Many proteins such as enzymes have

utility in industry, for example to catalyze chemical

reactions. For conjugates intended for use in such

5 applications, it may be necessary that the conjugate be
soluble in either or both agueous and organic media. The
polymer should of course not unduly impair the intended

function of the protein.

10 Preferably the polymer is a synthetic polymer, and preferably
it is a water-soluble polymer. The use of a water-soluble
polyethylene glycol is particularly preferred for many

applications.

15 The polymer is suitably covalently linked to the
polyhistidine tag via a linking group. A linking group Q' in
the formula I may include a group W {(i.e. Q' may be
eguivalent to —Q-W- of formula Ia). A linking group Q' or Q
may for example be a direct bond, an alkylene group

20 (preferably a Ci-ip alkylene group), or an opticnally-
substituted aryl or heteroaryl group, any of which may be
ferminated 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-0- groups.

25 Suitable aryl groups include phenyl and naphthyl groups,
while suitable hetercaryl groups include pyridine, pyrrole,
furan, pyran, imidazocle, 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.

30
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, wOCOR, -0COR, -8R,

12



His /Protein His A key feature of this embodiment of the process of this 15 invention is that an
a-methylene leaving group and a double bond are cross-conjugated with an electron withdrawing
function thatvservigarsed Michael activating moiety. If the leaving group isHSIDGBLo08MGH#Ation in the
cross-functional reagent rather than to direct displacement and the electron- 20 withdrawing group is a

suitable activating moigty for the Mishael tpaction thepssguentigkinggmolecyiar bisalylation can

occur by consecutive Michael and retro-Michael reactions. The leaving moiety serves to mask a latent
WO 2009/04 75050RET/GR 20081808809 tenjlgated hubdioBrd thatHs notexfsed NnfitAfter the first

alkylation hag,qeciyred apd bisgliationsragylts frors seguentialand interastjve Miekgekand

retro-Michael reactions as described in J. Am. Chem, Soc. 1979, 101, 3098- 5 3110 and J. Am. Chem.

Soc. 1988, 116 BHR- 5312 Y1 eftHORWRRdFawihE PGS R thE IESRAG IO afe optimally

selected s bisyalkykationcasoeatr 4y sequentigh Michaelsng etro-Michael reactionsa ityis also

possible to prepare cross-functional kylatin% agt(aj{)t%s with additional jY_loerElél{t:iglreogonds conjugated to
an

the double bortiF6r 6&RREEh tﬂ%qgg\ﬂ!ggg%ﬁ ; 3

he éﬂggt?gﬁ“\?ﬁthdrawmg group as described in J.
Am. Chem. Sect 188381ty 52115212 entSome exrples bi novekdenjugdtes according to the
invention 15 include the following:

Preferably the group ¢ which links to a hydrogen atom in a

10 compound of the formula Ia is an alkylene group or a direct
bond. Most preferably, ¥ in formula Ia is a polymer, and
X"-0- is H-.

W may for example represent a keto or aldehyde group CC, an
15 ester group -0-CO- or a sulphone group -80;~, ©r a group
cbtained by reduction of such a group, e.g. a CH.OH group, an
ether group CH.OR, an ester group CH.C.C{0O)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

20 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

25 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,

30 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



0/ / polymer N O polymer N 20 Some examples of reagents which can be used in the process
according to the invention include the following: WO 2009/047500PCT/GB2008/003409 X-Q-W
polymerpolymeriky pelysger -Q-Wpolymer -Q-W polymer -4 -Wpolymer-Q-¥¢pakyimsiodsWeWith respect
to the protein, the histidine residues are

reagents of WO 2005/007197, the process comprises reacting

either (1) a compouhd of the general formulsa

X—Q— W' _a—1

L

in which one of ¥ and X' represents a polymer and the other

X' —Q
(11)

5 represents a hydrogen atom;
Q represents a iinking group:;
W’ represents an electron-withdrawing group, for example
a keto group, an ester group -O-CO- or a sulphone group
-50,-; or, if X’ represents a polymer, X-0-W' together may
10 represent an electron withdrawing group;
A represents a Ci;; alkylene or alkenylene chain;
B represents a bond or a Ci.a alkylene or alkenylene
chain; and
each L independently represents a leaving group;

15 or (ii) a compound of the general formula

X—Q—W'

=

(I1I)

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

20 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 centaining at
least two histidine residues.

25

14



positioned in close proximity to each other, preferably 5 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 ghoygdruudlae. Without wishing to be bound by theory, the begdiggigtigdustidine
residues may be as shown in the following 10 formula: WO 2009/047500PCT/GB2008/003409 but

bonding to other nitrogen atoms in the histidines is also ﬁfssible. 5 The immediate product of the
above procesEi€ £C8MPaand Of tHE GaREET fdrm 4 Ta i whithPWARSH SRt nSHR IR group.
Such compounsischaye utility in theraselves;deecatisedtie piotEsLofithedavarttion isMeversibke under

suitable conditions, additipnally compounds of formula la in which W, 10 is,an electron-withdrawing
moiety have Wﬁ]cﬁﬁﬁ?c%%g;é%vn;%%ar‘e”‘rrel%a%ec(ﬁ%ﬁg fr%ettlenpcr%%eolﬁ\‘%5 %esqeuclll’edl, ?gfa Ieﬁ%grﬁple in direct
clinical applications.-Anelect@radithdrasving kydietyiWantay; howeter belredeeedad give danoiety
which prevents release of the.protein, syg compaunds will alsq have utility in many clinical,
industrial gd%mggﬁggﬁlcegﬁrg&%%hs. %%her,l%he %act that once Wehas been reduced reverse
reactions canamoibhgepnecet pheddsthat o edange Wil ésolseried ifd stdéAdgeenucleophile is

added. Therefqre, j§ becomes passibis. for,example. 10,20 REGMate via agolyhisidinei tag; reduce W;

then reduce a disulfide bond in the protein; and carry out a subsequent PEGylation across the reduced

disulfide bond: 6t dohad pR&teRfst ity behdedinlB 16 tar bt SBEALSHEE without reducing the
group W. 25 Thus, faeexamples 2 meiefy y¥ costainingra ketorgreupasay bededecad:te armoiety W
containing a CH(OH) group; an_ether group CH.OR m%y be obtaineq byl_'ghe re%ctiondof a hydroxy
group with’an“thBR L§ént &h &H8Fgroup CR.OC(OREY +ous Ly been Toun

difficult to bind selectively to histidine residues rather

than to lysine residues.

The or each leaving group L may for example represent -GRK,
15 ~350;R, -08S0:R,~N'Rj, ~N'HRs, -N'H;R, halogen, or -0@, 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,, -COR, -COH, -CH,0H, -COR, -0OR, -0COR,
20 -0OCOsR, =~SR,~S5CR, -350;R, ~NHCOR, -NRCOR, -NHCOR,
-NR’ C0OsR, -NO, -NHOH, =-NR'OH, -C=N-NHCOR,-C=N-NR’'COR,
~N*R;, -N'HR,, =~N'H,R, halogen, especially chlorine or,
especially, fluorine, -C=CR, -C=CR; and -C=CHR, in which R
and R’ have the meanings given above.
25

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

0
( HZC : A—L
Jh[“ ﬂ—)—mH
Sy

15

include

(IIIa)



30 may be obtained by the reaction of a hydroxy group with an acylating agent; an amine group
CH.NH2, CH.NHR or CH.NR2 may be prepared from a ketone or aldehyde by reductive amination); or
an amide CiR-hligRIR@r CH.N(C(0)R)2 may be WO 2009/047500PCT/GB2@8(edHaBformed by
acylation of an amine). A group X-Q-W- which is a cyano group may be reduced to an amine group.
The process may be carried out in a solvent or solvent 5 mixture in which all reactants are soluble. The
protein may be allowed to react directly with the compound of the general formula Il or Il in an
aqueous reaction mediugr.iBrs feacticthmegtisganay adso he bofferedseiepending on the pH
requirements of the nucleophile. The optimum pH for the 10 reaction will generally be at least 6.0,
typically between about 6.8 and about 8.5, for example about 6.5 or 7.0 to 8.0, for example about
7.5-8.0 but preferably about 7.0 t0Q.5. It is surprising that the process according to the invention is
selective to binding to histidine resi iftictarly in a 15 polyhistidine tag) at basic pH, as literature
methods of PEGylation tg{ld_t@ gestthat basic conditions lead to nonselective PEGylation,
including PEGylation to lysine resi d that PEGylation to histidine is optimised at pH 6.0 to 6.5.
Even then, literature methods suggest non- 2e-sei?e_c)ﬁr§/"é1PEGylation, including PEGylation to lysine.
The optimal reaction conditions wifPof course depend upon the specific reactants employed, but in
general, use of a pH towards the lower end of the above range will{tengio increase selectivity towards
histidine binding, while use of 25 a pH towards the upper end of the above range will tend to increase
the yield. Reaction temperatures between 3-37C are generally suitable: proteins may decompose or

denature igpaifng funclid¥fthe § embodiment the process according to the

invention uses a reagent of the general formula:

49 0 SOZ-Q-
10 to produce a novel conjugate of the general formula:

O QO His
H N :
PEG—N Protein
e
His

A key feature of this embodiment of the process of this

15 invention is that an a-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-

20 withdrawing group is a suitable activating moiety for the
Michael reaction then seguential intramolecular bis-
alkylation can occur by consecutive Michael and retro-Michael

reactions. The leaving moiety serves to mask a latent
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30 conjugation reaction is conducted at a temperature where these processes may occur. Reactions
conducted in organic media (for example THE', ethyl acetate, acetone) are typically conducted at
temperaturgg gl pobegvdaient. WO 2009/047500PCT/GB2008/003409 Themreiesr@andageeffectively
conjugated with the desired reagent using a stoichiometric equivalent or a slight excess of reagent,
unlike many other reagents. However, since the reagents do not undergo competitive reactions with

aqueous 5 m&HB URRLR SRR oGRS iFR3TossThiRG BREAEERe Tmdg Ao Feadtidn with an
excess stoichipmetry of reagentohhaexcessteagentant thespratuctican be easiyseparated by ion

exchange chromato rapf:TV during. routine purificatjon of proteins, or py separation using nickel. 10
Another classstﬁ‘%?g‘ﬁéa d?ﬂé]efhw;o?rc%#&@’aﬁiﬁéﬁ%hg %)élyfa”ﬁls idfneegé%%g%%?lggented by a
compound of theageneral farmulas X{ (¥4 (CH=CHEACH2)2r hef 4 ) 1BSihSwhithiX, QF9%&nd v' have
the meanings giyen apQus, Welepiesenls angleclinuiiidigving gioup And L repiesents a leaving
group. The direc proéluct résulting from such a conjugation pfocess is a compound of formula Ib in
which W is areélectronrwitiidradday gralps Fodwsipst! thRTes6fiMg 2D E&inpBuAd®f formula Ib can be

converted int%g@!&éﬁ%%’%ﬁ?@cm@gusb $necifically; ap slectromwithdiawing gseundnay be reduced,

as discussed above. particularly preferred reagent of the general formula IV 25 has the general

formula IVa: XUEGEREO-ARV HEHECH) qE1sd) 2rSosRi M) It is also possible to

prepare cross-functional alkylating agents with additional
10 multiple bonds conjugated to the double bond or between the
leaving group and the electron withdrawing group as described

in J. Am. Chem. Soc. 1988, 110, 5211-5212.

Some examples of novel conjugates according to the invention

15 include the feollowing:

u O Q His\
— Z
polymer NJ—O—U—C -
His
H O H Hés\
polymer—N Z
e
Hi

S
20
Some examples of reagents which can be used in the process

according to the inventicn include the following:

17



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 30 aryl group contained in
linking grouR;Qa@Rmfsad', v and v' have the meanings given above; to pigépegmgaeksonjugate of
the general formula: X-[NH-CO-Ar-W-(CH=CH)v-(CH2)2-Z]v,(Ic) WO
2009/047500PCT/GB20081003409 In these preferred compounds, preferably v is 0, and preferably v'
represents an integer of from-1-tQ 4-¢gpecially 1. Preferably W' rgpregentsial C oup, and W
represents a CO group or a CH.OH groujp. Preferably R 5 represents a Cl_AaJkyl-arfyl group,

- especially p-tolyl. Preferably Ar is an unsubstituted phenyl group. Preferably Xlis a polyalkylene glycol,
especially polyethylene glycpk 1Suigable reaction conditions for use W& workingy with 10 reagents of
the general formula IV are the same as those discussed above in the context of reagents Il and Ill. It
is believed that the conjugation process using a reagent of formula IV proceeds via the formation of an
intermediate 15 compound of the general formula X-[Q-W-(CH=CH),-CH=CHW,(V) in which X, Q, W',
v and v have the meshipge giveipabave. ILiNs praferregio gemerate-te-eamipo of the formula V
above in situ in the presence of the mold¢ule t& be 20 conjugated, a relatively Righ pH is suitably used
throughout. Alternatively, if it is preferred4o generate the compound of the formyla V above in a
separate step and subsequently add the mglecule to be conjugate, the first step i$:suitably carried out
at a relatively high pH (e.g. 7.5 to 8.0) whilgi25 the subsequent step is suitably carried out at a lower
pH (e.g. 6.0 to 6.5).

olvmer—Q—W' ol QW' L

polymer—Q—W'

With respect to the protein, the histidine residues are
positioned in clcse proximity to each other, preferably

5 adjacent to each other, either in the native protein or in a
polyhistidine tag. Of course, polymers other than
pelyethylene 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 fcllowing

10 formula:

a Q N/EN
PEG—H—“—Q—H—C %Pmtein
T
\=N

18



As mentioned above, depending on the number of histidine residues present, more than one polymer
may be conjugated to 30 a suitable protein, and this is shown schematically in Figure 3. For example,

two polymeggonisiaesgonjugated to a 6-residue polyhistidine tag. This pigvidesacsseiugnethod of
attaching multiple polymer residues to a protein. This may be desired when it is wished to obtain a

high molecular WO 2009/047500PCTIGB20081003409 weight product using a lower molecular
weight PEG, e.g. to obtain a 60kD molecular weight product using three 20kD PEG chains; or when it

is desired to adld twa different polymers. for exaqule aderrteinand,a PEGtpanRRtber profeinyto obtain
5 multiple effects; or to achieve, for example, glycosylation and PEGylation in a single step. Such
multiple conjﬁ%ﬁi%%ﬁé%ﬁen difficult to achieve with conventional conjugation technology. 10 Many
proteins contain free cysteine residues and/or disulfide bridges, and the conjugation reagents used to
prepare the novel conjugates of the present invention may also react with exposed cysteine residues
and reducéd @iselfidensddgds Depsehiditg apofltRe :BaEorrEasdiiond and thesaeienfFet 15 the

protein, they may reagtwith sch-meieties in prefierenceyto; ieacting mith bistidipe-iesiduesnia a
polyhistidine tag. Therefore, if it is desired to conjugate a protein which contains such moieties as well

as a polyhistiFe4Rg, SUtahI& BIREKRG fndeineemial el tided it rédEFsE 1H6°20 BREMPTE Sdth
moieties mayha,blosked by:canjugationwith aireagent eerresponding1oshe geapesal formula Il, 111 or

itine (oo Thag THEN A FArT RGN L IV SR ioaGErt S5 TRE combtis o the
general fétmula | davelentimber of dpplications. by trgap foreexampletye used for direct clinical
e o BSLSIL 04SSP, U Bsert e ek s sl 2
for example in direct clinical applications. An electron-
withdrawing moiety W may, however, be reduced to give a
moiety which prevents release of the protein, and such
15 compounds will also have utility in many clinical, industrial
and diagnostic applications. Further, the fact that once W
has been reduced reverse reactions can no longer occur, means
that no exchange will be cbserved if a stronger nucleophile
is added. Therefore, it becomes possible, for example, to
20 PEGylate via a peolyhistidine tag; reduce W; then reduce a
disulfide bond in the protein:; and carry out a subseguent
PEGylation across the reduced disulfide bond. For some

proteins, it may be possible to carry out such a process
without reducing the group W.
25
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.CR may be obtained by the reaction ¢f a hydroxy
group with an etherifying agent; an ester group CH.O.C(O)R
30 may be obtained by the reaction of a hydroxy group with an
acvlating 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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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
pharmaceuticgiygfieative amount of a WO 2009/047500PCT/GB2008/0834Q%:sqmpeupsl or a
pharmaceutical composition according to the invention to the patient. Any desired pharmaceutical
effect, for example trauma treatment, enzyme replacement, protein replacement, wound management,

toxin removalf SABES ifarAmaté* 8htiShfeRivérdnombdaress), $abcilatsh or @ntitahcer, may

be obtained by.suitabla-eheicepf preteirdliize: composndsai the invemtion may also be used in non-
10 clinical applications. For example, many physiologically active compounds such as enzymes are
able to catalyse reactions in organic solvents, and compounds of the invention may be used in such

applications. ryether. compoynds efdhedpyantion may e used asdiagnasticegls, £ompounds of the
15 invention may include an imaging agent, for example a radio nucleotide, to enable tracking of the

compound®in MiveE HHe prbtelR ivay forexRRmieaiets peblid& Sy peptidd amiRes Bnibsdy
fragment, enzyme, 1cydekine rehamseakineqs 204eeepton.iaod factabmpeplide harmone, jexivral
transcription protein, or multimeric praqtein. The foIIowingr%ig/fe; some sggcific p{;%tfisns which may have

utility in the pfeXERt ivehtioR dépéndifgUhorthe dtsired s app

applié“aetlonl.lrl%'nzymes include
carbohydratesspecificcenzymesinoroteoliiccen panes: and tiee ikéeBrryineyg ofintehestpidr both

industrial (orgapig,based iractions). and hialogiagh analicarposda osperal ANlierggaLic applcations
in particular include the oxidoreductases, transterases, 30 hydrolases, lyases, isomerases and ligases
disclosedi By US4 1 7918371 SbeztiitcasdhiieSof fiterbst fellodaspaiabftasky drgiriséradenosine

deaminase, sypgraxide dismudagsocataiase, chymolypsin ipase,uticass, ilirghip o 8.0,
for example about 7.5-8.0 but preferably about 7.0 to 7.5. It
is surprising that the process acccrding to the invention is
selective to binding to histidine residues (particularly in a

15 polvhistidine tag) at basic pH, as literature methods of
PEGylation tend to suggest that basic conditions lead to non-
selective PEGylation, including PEGylation to lysine
residues, and that PEGylation to histidine is optimised at pH
5.0 to 6.5. Even then, literature methods suggest non-

20 selective PEGylation, including PEGylation to lysine. The
optimal reaction conditions will of course depend upon the
gpecific 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

25 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
30 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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WO 2009/047500PCT/GB2008/003409 oxidase, glucose oxidase, glucuronidase, galactosidase,
glucocerebrosidase, glucuronidase, glutaminase The proteins used in compounds of the present
invention 5 {QBIE%/B%%ampIe factor VII, VIII or IX and other blood faCtOfﬁc’i‘?éHQBbs’r%&Eb‘é’ glucagen,
somatostatin, somatotropins, thymosin, parathyroid hormone, pigmentary hormones, somatomedins,
erythropoietin, luteinizing hormone, hypothalamic releasing factors, antidiuretic hormones, 10
prolactin, intetleakinse itéHerons, belopyStintdlaghy factons: hrehssy|bbinh ciHokirtkss brtidodies,
chorionicgonadatzapip, folligle;simulating harmens Lhyeid-slimulating harmgne ppddissyes
plasminogen activator. 15 Certain of the above proteins such as the interleukins, interferons and
colony stimul&fing $2ciBFstalss ekistin ‘ﬁ%ﬂ@lﬁ%gﬁlétéﬁﬁﬁﬁ%uallyﬁﬂ’@%’s‘wt Stiprepafdtfon by

recombinant peatgisrteshaisugs« The Aenglyeosylated-versionsdnay bediserkin theyuesent invention.
20 Other proteins, of interest are allergen proteins, disclosed by Dreborg et al Crit. Rev. Therap. Drug
Carrier Syt PES90) €375 368 ARG rBA0&sd Blergenicit) RET LB igatec A Polyhter such
as poly(alkylenengxide) aned coaseguentlywateh2asudablesfer ase asitolenancy indlcess.gdmong the
allergens discﬂtgsed are Ragweed aq:ti erQ?Etggne t())%eu\clﬁn%rgh ite aI§£9§n and the like.

arat b .
Glycopolypep idfesSich as ﬁr?r%%ﬁgglo ulins, ovalbumin, lipase, gg?ucoce¥eb5r%%l ase??ectl%s, tissue

plasminogen aetivater aadagty cosiat predalkinsiuintarterons ahdc ooy Stmatating faétors are of

interest, as a grg@ygggIo(pylig?sgg%é@&]g@m{gg5%, I9A- 1913 and fragments thereof. WO
2009/0471%00 CT/GB2008/003409

Another ¢lass of compounds useful for conjugating to a
polyhistidine tag is represented by a compound of the general
formula:

X-[Q-W' - (CH=CH) - (CHz) 2-L]+ (IV)

15 in which X, Q, v and v’ have the meanings given above, W'
represents an electron withdrawing group, and L represents a
leaving group. The direct product resulting from suéh a
conjugation process is a compound of formula Ib in which W is
an electron withdrawing group. TIf desired, this resulting

20 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
25 has the general formula IVa:

X—[NH-CO-Ar-W’ - (CH=CH) =~ (CH2} 2-SCzR] {IVa)
in which Ar represents an unsubstituted or substituted aryl
group, especially a phenyl group, in which the opticnal
substituents are selected from thcose mentioned above for an

30 aryl group contained in linking group Q; and R, W', v and v’
have the meanings given above; to produce a novel cenjugate

of the general formula:

X~ [NH~CO-Ar-W- (CH=CH) = (CHz) 2—-Z ] « (Ic)
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Of particular interest are receptor and ligand binding proteins and antibodies and antibody fragments
which are used in clinical medicine for diagnostic and therapeutic purposes. The antibody may used

alone or may, 8%0%%%%@9&'3/ conjugated 5 ("loaded") with another atom or rp@{gﬁﬂ%%&lﬁ%g B85 a

radioisotope or a cytotoxic/anti-infective drug.. Epitopes may be used for vaccination to produce an
immunogenic polymer - protein conjugate. 10 The following Examples illustrate the invention. Results
of the Examples dreggive® itfiiraesbmpanyingFguesf 8720 .ln theiBxdmpRadproteins pro-BNP

containing a palyhistidipe Jag of S-hjstidingresidyes and beta, synyclgimeaniaining a polyhistidine tag
of 8 histidine residues were used. In 15 cardiac tissue, brain natriuretic peptide (BNP) is synthesized

as a 134 amifGBERFretYrdor (pFEtbRPY, Ywviich i€ REERBALY Frot€asECitPlord i 188 amino acid

pro-BNP. Beta sypugleint is & sowll; selkible; pratetdfoondpragrily i beaigtigsue, and has a
chaperone:-like activity. Other 20 proteins used. are Interferon a-2b, endostatin, an anti-TNF alpha

domain amtibdRPREGHENE. Exdmpie £Y10 RD% PEGYHion GHTSEBroBNP ZE°BES reagent structures:
WO 2009/04 T500RGHISR2008/063409 2kDe: PEG teahpselforie (strugture @k wasasepared by

incubation of the PEG bis-sulfone (structure.(1)).in. pH. 7.8, .50 mM sodium phosphate huffer (10
mghﬂL)forShgu%1%%£¥5§k§ghng é@ycol, esé%c1§if§ pgayegh§ﬂghe Blycga.

Suitable reaction conditions for use when working with
10 reagents of the general formula IV are the same as those

discussed above in the context of reagents II and IIT.

It is believed that the conjugaticn process using a reagent
of formula IV proceeds via the formation of an intermediate
15 compound of the general formula
X-[Q-W' - (CH=CH}-CH=CHz] + (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 ¢f the molecule to be
20 conjugated, a relatively high pH is suitably used throughout.
Alternatively, 1f it is preferred to generate the compound of
the formula V above in a separate step and subseguently 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
25 the subseqguent 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
30 a suitable protein, and this 1s 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
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5 aliquots of C-terminal 6 x histidine tagged ProBNP (Abcam, ab51402, 13 kDa) in pH 7.8, 50 mM
sodium phosphate (10 pL, 0.5 mg/mL) were chilled on ice and then either 1 molar equivalent (with

respect to psateip,seiMsgptration) or 3 molar equivalents of 12 kDa PEG mgrprsidfpig.éigse added (1.6

pL or 10 4.8 pL respectively). The reaction mixtures were then placed in the fridge and left for 16
hours. The resulting reaction mixtures were analysed using SDS-PAGE for size-dependent separation

of their constitifeifis arREPRIES rétifidy Gel&ités@mcs WiRInyehE Bluf&am BNBvestif) is shown in
Figure 4. In Figirg 4, the danelakelled M showsithietNeyeaSbarppiateinunadkers (lnyitregen) used as

calibrants. The band labelled B in lane 1 is the sample of His6..proBNP as supplied (Abcam, 1

mg/mL). Ban§ R0 aR ImPifly. 1 ane™ 54E &ﬁo%ﬁe%%qéyb’ééﬁ%ﬁz%g‘ﬁféé ‘reaction

mixture and shews=hamngs, dabellecth€e Drarch & whighdgortespandithar monotRES yatedpratact,

di-PEGyIaged HPJE’QECSE%”C’ %—P&Gsylaterd [%rcg)dug £e§peecti¥gly. Thgnl1 wer bands, labelled @nand B
450 FheG pioBNP 28 and P (he SURoTed akpioT

correspond to unreacted His6-proBNP 25 an e(lempbrity in the su ple tespectively. Lane 3
is obtained fremctheEZgdaivaients of 22 kD PE G reactionSmilureudiid Bhews Behies: Talselled C, D

and E which garrespand tes 2 mona-PEGyIatad; raductdi-REGylated product and JIREGylated

product respectively. The lower bands, labelled B 30 and A correspond to unreacted His6-proBNP and
the impurity iff #d*8Gpp1t sample respectively. The gel was then also stained with barium iodide for
visualisation of PEG with the result shown in Figure 5. The WO 2009/047500PCT/GB2008/003409

bands in Lane 1 correspond to unreacted PEG reagent which is lahelled C, and bands lapelled D, E
oo F il G oL AR G R Gy et B T AT 5 Al SR TP Er e

product respectivetye I hedowet ibandsnipbbged & reagents used to prepare the

novel conjugates of the present invention may also react with
exposed cysteine residues and reduced disulfide bridges.
Depending upon the reaction conditions and the structure of

15 the protein, they may react with such moieties in preference
to reacting with histidine residues in a polyhistidine tag.
Therefore, if it is desired to conjugate a protein which
contains such nmoleties as well as a polyhistidine tag,
suitable blocking means may be used if required. For

20 example, such moieties may be blocked by conjugation with a
reagent corresponding to the general formula II, III or IV
given above in which the polymer is a relatively low
molecular weight meiety. Conjugation to the histidine

residues may then be carried out using the desired reagent.
25

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
oresent invention further provides a pharmaceutical

30 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 amcount of a
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5 and A correspond to unreacted HiscproBNP and the impurity in the supplied sample respectively.
Lane 3 which is obtained from the 3 equivalents of 12 kDa PEG reaction mixture shows a band
labelled C whickheossesponds to unreacted PEG reagent and bands labeligerfd.gzoagishzmhich
correspond to a mono- 10 PEGylated product, di-PEGylated product and tri-PEGylated product
respectively. The lower bands, labelled B and A correspond to unreacted His6-proBNP and the
impurity in thé& SUBPIEE sample PAGHERGEN " 1§aéxa?ﬁﬂﬁ)%°f]§blﬁ)ﬂaﬁ§€§§ 188 ot His8SoBNP 30 kDa
PEG mono-sulfaren{stectire @)dropa example 1amasierepacet] pidncubationicfdhe SHEG dtis-sulfone

(structure (1) Pom example 1% i%[%r'ﬁ' 7.§' ggtml\e/l %odium h%sppgt%buffer 29 (10 rgg/@k) for 5 hours.
Two aliquots of C-tefminal s x histidine {cagge% roBNP ﬁr)lcam,% %_c[%l{ffln'pﬁ% , 50 MM sodium
phosphate (101} &% meg/nl )woemedchilled: onricea thert eitlier I enslapéquigalent (with respect to

protein cogcepyration), of 3,&Auivalents; of 3Q-kDa PEG,mana:sulfone ao-yere, added £2.0,pL or 6.0 pL

respectively). The reaction was then placed in the fridge and left for 16 hours. The resulting reaction
mixtures wer®analsedifng SDIPAGE f@P§i§éH%§é?ﬁeﬁ?é&ﬁ&%ioﬁ%ﬁ%ecé?ﬁtituents and the 30
resulting gel afterstaining 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 His6...proBNP as supplied (Abcam, 1 mg/mL). Band A is an impurity. The lane labelled 2

WO 2000/047500PCT/GR2008/003¢09 i blainad flom (e, egubialentaaf 33 kRa,LEG reaction

mixture and shows a bands labelled C which corresponds to a mono-PEGylated product and lower

bands, lallled Ardrieh B \eRieh icetespiofid tBUnréSe®a 1HisENFroB NI A dthe Frpaitily’s in the

supplied sample-respegtivelyufie lane-laheled Jiswhiained fremdhes equivaless of 30 kDa PEG
reaction mixture and shows bands, lapelled C, and D which correspond to ono-PEGylated product
and di-PEGyIAEF ottt 1o pEvBR ari? fovdt e & TRt BART A @h%h%&sﬂé’?ﬁ(&ﬁd’ to

may be used in such applications. Further, compounds of the
invention may be used as diagnostic tools. Compounds of the
15 invention may include an imaging agent, for example a radio

nuclectide, to enable tracking of the compound in vivo.

The protein may for example be a peptide, polypeptide,
antibody, antibody fragment, enzyme, cytokine, chemokine,
20 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

25 application. Enzymes incliude carbohydrate-specific enzymes,
proteolytic enzymes and the like. Enzymes of interest, for
both industrial (organic based reactions) and biclogical
applications in general and therapeutic applications in
particular include the oxidoreductases, transferases,

30 hydrolases, lyases, iscmerases 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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10 unreacted HisE-proBNP 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 Figure 15 7.

The lane lakgdeddoshans the Novex Sharp protein markers (Invitrogen) ugeg:aswapsasts. The band
labelled B in lane 1 is the sample.of HisE_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 20 bg#d $a5sliedE WIHER BFELpEAds T BHtEedPER rd4géiit8 BHAd 8belled F which
corresponds @laPEkse reputiyi basds labeltesdanthE andg wiheti aagespond to mono-PEGylated
and di-PEGylated products respectively, and lower bands, labelled B and A which correspond to
unreacted HisE-proBNP and the 25 impurity in the supplied sample respectively. The lane labelled 3 is
obtained fronTthe Pequivalents of @0kDa PE®D veattion‘mixtereparnd showsavisarid {abelled C which

cortespongs to uvagtes PEG, sa0en. 3 band Iahalled s whil correspands 0.3 REG mpurty,

bands labelled D and E which 30 correspond to mono-PECylated and di-PEGylated products
respectively, &8¢ tWer bdmds! dbel B n doA Yifek Eorresps i@ 36 @ihidacted HisE-proBNP and the

impurity in they sppRlisd-sRMple respestively, WOr2099/047500BCTAZB20984A3409,Example 3: 12
kDa PEGylation of Hiss-beta synuclein and comparative reaction with non-histidine tagged beta

synuclein 12 ROEBEE $norfouioRe {ditdetufd PGS Eple 1ias 8 prépa Py iitSibation of
the PEG bis-sulfener{strugtice (&) kasiexaplerbria pH {8, G0 sodiusrpbasphate buffer (10

mg/mL) for. 5 hours. Two aliqu ts%‘| N-terminal,8 x histidine tag ecgbetas nuclein (Abcam cat. no.

aoa0545, 15 RO} FFor ™ 6 50 By S o APl O Be 6 SR ray 148
factors, hemoglobin, cytokines, antibodies,
chorionicgonadotropin, follicle-stimulating hormone, thyroid-

stimulating hormone and tissue plasminogen activator.

15 Certain of the above proteins such as the interleukins,
interferons and colony stimulating factors also exist in non-
glycosylated form, usually the result of preparation by
recombinant protein techniques. The non-glycosylated versions

may be used in the present invention.
20

Other proteins of interest are allergen proteins disclosed by
Dreborg et al Crit. Rev. Therap. Drug Carrier Syst. (1%%0} 6
315 365 as having reduced allergenicity when conjugated with
a polymer such as poly{alkylene oxide} and consequently are
25 suiltable for use as tolerance inducers. Among the allergens
disclosed are Ragweed antigen E, honeybee venom, mite

allergen and the like.

Glycopolypeptides such as immunoglobulins, covalbumin, lipase,
30 glucoccerebrosidase, lectins, tissue plasminogen activator and

glycosilated interleukins, interfercns and colony stimulating

factors are of interest, as are immunoglcobullins such as IgG,

IgeE, IgM, IgA, IgD and fragments thereof.
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10 were chilled on ice then either 1 molar equivalent (with respect to protein concentration) or 3
equivalents of 12 kDa PEG mono-sulfone were added (1.6 pL or 4.7 pL respectively). The reaction

was then plkagsshiathesiiidge and left for 16 hours. 15 The resulting reactippgixtiscemyygse analysed
using SOS-PAGE for size-dependent separation of its constituents and the resulting gel after staining

with Instant blue (Novexin) is shown in Figure 8. The lane labelled M shows the Novex Sharp 20
protein markérs (RVitroGEHsetP 2§ ESRbrahtS TIRCBENG aithed B AR AL iR %Sample of
Hise-beta sypucieinisupplied bymaheani(0s8 mgimidBandiA ismagitepurity wkhetane-labetled 2 is
obtained from the iZS.e% ivzraél’%%of, 12 kPa P Gareaoction mixtu%{e %nd shov{\{%ggndgrlagseged Cand D
which corresﬁélncf 02 MGo- ﬁ%\fleed p?orduc% and qﬁ%?l% edt preorda&? respe iveﬁ/ and lower
bands, labellet4 amd BowHighreorrespondatbanireactetitisBeheata syhaulely andihiadraperity in the

supplied ssampl\elgg égéﬁpﬁctwg% The lane labelled 3 is ghtained from, the 3 gayivalents of 12 kDa PEG

reaction mixture an ows bands, labelled C, D, E and F which correspond to a mono-PEGylated
product, di-PE&Yigtba presectoti-P ESyiatekdrotutt And idrsPEGy A tIprodiret Fegettively and
lower bands, W0 20091Q47300PGTEBR008003409 ] abelleckB.and Anvhish sRirespendhie sinreacted

Hiss-beta synuclein and the impurity in the supplied sample respectively. 5 The gel was then also
stained with barffifi 16dible ¥5FvisEAaIRSation of PEG and the resulting gel is shown in

10 The following Examples illustrate the invention. Results of
the Examples are given in the accompanying Figures 4 to Z20.
in the Examples, proteins pro-BNP containing a polyhistidine
tag of 6 histidine residues, and beta synuclein containing a
polyhistidine tag of 8 histidine residues were used. In

15 cardiac tissue, brain natriuretic peptide (BNP) is
synthesized as a 134 aminc acid precursor (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

20 proteins used are Interferon o-Zb, endostatin, an anti-TNF

alpha domain antibody fragment.

Example 1: 12 kba PEGylation of Hisg-proBNP

25 PEG reagent structures:
O 510) —< :>"“
H ) 2
PEG—N
) SOQ—< :>“"‘

pH 7.8 H
» PEG—N
SO,
(2)
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Figure 9. In Figure 9, the lane labelled M shows the Novex Sharp protein markers (Invitrogen) used as
calibrant. The lane labelled 1 is obtained from Hiss-beta synuclein as 10 supplied by Abcam. The lane

labelled 2 isabtaipadfeggm the 1 equivalent of 12 kDa PEG reaction mixtusg-pag s gnds labelled
C, D and E which correspond to a mono-PEGylated product, di-PEGylated product and tri-PEGylated

product respectively, and lower bands, labelled B and A which 15 correspond to unreacted Hiss-beta
synuclein and the impurity in the supplied sample respectively. The lane labelled 3 is obtained from the
3 equivalents1of IdbkDafE@spackan puxkire anchshows=bads labeded f2d= aad which correspond

to a mono-PEGylated product, di-PE ted product, tri- 20 PEGylated product and tetra-PEGylated
product respelc?i%%%\ﬁa%\?vgrqf)%re]d?%?b%ﬁegd %‘%}éo,& €\a/vh?csr;C Egrér%lslﬁgncﬁg lilnfLerlacEfed ﬁisgé-beta
synucle_in anoﬁmerim;mﬂﬂymtlmusaméecbsmﬁfeenespb@timjymand@fiSSa mmpmww. 25 A N
compariso 1adaa EESYalen slugy was Reriormed eteendissdied aypeleinaad on-histidne
tagged beta synuclein (Abcam. cat no. ab48853) using 1 equivalent of the PEG reagent (2) at pH 7.0
and the SDS#HXGEYSsult B ¥hawn i Fiduré-10. THe Ehesabalisy Rhsisehs tife NbVekSharp protein

30 markers (Ipvifrogen) used as.calibrantsy The Hiss-beta sypuslewnsresult ig shgwgyn the lane labelled
1. In lane 1, the band labelled B is unreacted Hiss-beta synuclein and the band labelled C is

mono-PEGyI&8Y iR S a SyhhBIelt SERFaNEIaBERIE 2 BhoWRIRR THoH-ARBdif tag B eta
synuclein WQz0021047600PE TS 820083409 eaction and theanlwyisdde bang iglakelled A and
is the non-histidine tagged beta synuclein. There is no PEGylated protein band jn lane 2. 5 Example 4:
50 kDa PLG At o1 EREERA S iin TS P o LR (RERue B3 foHA SScmple )
was preparediby rcubitiongt the PEE® Dis-Salforié ($truntsre (1) from example 1) in pH 7.8, 50 mM
sodium phosphate buffer 10 (10 mg/mL) for 5 hours. An aliquot of N-terminal 8 x histidine tagged beta
synuclein (Abcam, ab40545, 15 kDa) in pH 7.8, 50 mM sodium phosphate (10 pL, 0.39 mg/mL) was
chilled on ice then 1eRvlkl He@iveRast-(iith rREpEer&SpMtdin coneerfatoMsénso kRPaPREE

mono-sulfonerwas added 5.6 8ty Theseactionwas ther placedinthe fudge apddeftfar 16 hours.

15 resulting gel after staining with Instant blue stain
{Novexin) is shown in Figure 4. 1In Figure 4, the lane
labellad 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 1is

20 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 tc a mono-PEGylated product, di-PEGylated
product and tri-PEGylated product respectively. The lower
bands, labelled A and B correspond to unreacted Hisg-proBNP

25 and the impurity in the supplied sample respectively. Lane 3
15 obtained from the 3 equivalents c¢f 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

30 and A correspond to unreacted Hiseg~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 resulting reaction mixture was analysed using SOS-PAGE for size-dependent separation of its
constituents and the 20 resulting gel after staining with Instant blue (Novexin) is shown in Figure 11. In

Figure 11, thg;lanedakglied M shows the Novex Sharp protein markers (Ipyitea8giusgsas calibrants.
The lane labelled 1 is obtained from the sample of Hiss-beta synuclein supplied by Abcam (0.8

mg/mL) and the 25 band labelled B is the Polyhistidine tagged protein whilst the band labelled A is an
impurity. TheltaR& fabelet®'’ dbtaREEERBM the P ellivaRnt 6 36KDd PEYS Téallibthixtdre and
shows a band lahelled C whichgosespends ke aaenar, PEGytaled produtt ansktovasdrandse labelled

A and B which 30 correspond to unreacted Hiss:-be clein and the impurity in the supplied
sample respe%tiW@R/?’Tﬁg%g\gI%a% th%ﬁoacﬁs}‘g Etaiﬁéd%%ngjgrlﬁ% iB&iag‘%SF v%ﬁ%iééftfon of PEG and the
resulting gel iBEhplut ik VWORDIOHN04E50RCTIE82008/063409 ¢igurert In Kgearel£2, the lane

labelled Mcshows the Novex.3harp protein,markers (lwvitrogenjysed.as cafibrants, The lane Jabelled 1

is obtained from His8-beta synuclein as supplied by Abcam. The lane labelled 2 is obtained from the 1
5 equivalent 630 RPRIREEeaelion miXRFBSHULSOWs alizrl [AbBheE T WhichPEGESSONdS to

unreacted PEG feaqens, bands lahelledis agd Gavhieh corespends IQ.REE iepudties, hands labelled
D and F which correspond to a mono-PEGylated product and di-PEGylated i%;oduct respectively, and

lower bands, 28Rdbaf&E Bl A WHiERToTRISPBRBIBdMréActBl 15e8 1ita S5RulRAPERE the impurity
in the suppliegrsampledespaetivelys ExgmplessdPEGylation evhistigdinenin IEN exabnwith an 8 15
histidine ggayence,on s G teinal wif) 10403 20d 20 K0 PEC 16800030551 ot o

product respectively. The lower bands, labelled B and A

correspond to unreacted Hisg=-proBNP and the impurity in the

supplied sample respectively.
15 Example 2: 30 kDa PEGylation of Hisg—proBNP

30 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

20 (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 eguivalent {with respect to protein
concentration) or 3 equivalents of 30 kDa PEG mono-sulfone

25 were added (2.0 pL or 6.0 ul 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

30 resulting gel after staining with Instant blus (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 His¢prcBNP as supplied
(Abcam, 1 mg/mL). Band A is an impurity. The lane labelled Z
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0 PEG-N //SO2 (3) 20 Step 1, Synthesis of p-carboxy-3-piperidinopropriophenone hydrochloride

3(2).

10

15

20

25

30

WO 20609/047506 . PCT/GB2008/603409

is obtained from the 1 equivalent of 30 kDa PEG reaction
mixture and shows a bands labelled C which corresponds to a
mono—-PEGylated product and lower bands, labelled A and B
which correspond to unreacted Hisg-prcoBNP and the impurity
in the supplied sample respectively. The lane labelled 3 is
obtained from the 3 eqguivalent of 30 kDa PEG reaction mixture
and shows bands, labelied C, and D which correspond to a
mono-PEGylated product and di-PEGylated product respectively
and lower bands, labelled B and A which 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 and the resulting gel 1s shown in Figure
7. 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 HisgproBNP as supplied (Abcam, 1 mg/mlL).
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
labelied D and £ and F which correspond to mono-PEGylated and
di~PEGylated products respectively, and lower bandé, labelled
B and A which correspond t¢ unreacted Hisg-proBNP and the
impurity in the supplied sample respectively. The lane
labelled 3 is obtained from the 3 eguivalents 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 & 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.
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WO 2009/047500PCT/GB2008/003409 3(2) Ethanol / Methanol A 250 ml round bottom flask was
charged with p-acetylbenzoic acid (15.0 g, 3(1)), 11.11g piperidine hydrochloride and 5 8.23g

paraformaldghylesfpsplute ethanol (90 ml) and concentrated hydrochlorig-aaig{dosaldagre then
added, and the resulting suspension heated under reflux for 10 h while stirring under argon. After

stopping the reflux, acetone (150m1) was added and the reaction mixture allowed to cool to 10 room
temperature. TREREBIHG v ité‘%?eczi’g'l?é?%é}/v&é’ Bofite 10?185%%35 &GS and \?V%pshed twice with
chilled acetorenigeradlicrewagdhen tise dwinder vacutiistoigiiea whgedy teltpowgeni@(2),19.72 g).
1H NMR (400 MHz, DMSO-dd 8 1.79, 2.96, 3.45 (br m, CH2 of piperidine moiety), 3.36 (t, 15 2H,

COCH2), 3.74 (t, 2H, NCH2), 8.09 (m, 4H, ArH). WO 20091047500PCT1GB20081003409
12 kDa PEG mono-sulfone {structure {2) from example 1) was

5 prepared by incubation of the PEG bis~sulfone (structure (1}
from example 1) in pH 7.8, 50 mM sodium phosphate buffer
(10 mg/mL} for 5 hours. Two aliguots of N-terminal 8 x
histidine tagged beta synuclein (Abcam cat. no. ab40545,
15 kDa) in pH 7.8, 50 mM sodium phosphate (10 pL, 0.39 mg/mL)

10 were chilled on ice then either 1 molar eqguivalent (with
respect to protein concentration) or 3 equivalents of 1z kDa
PEG monc~sulfone were added (1.6 pulL or 4.7 pL respectively).
The reaction was then placed in the fridge and left for
i6 hours.

15
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 8. The lane labelled M shows the Novex Sharp

20 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/mlL). Band A is an
impurity. The lane labelled 2 is obtained from the 1

25 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

30 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—EEGyiated
product, di-PEGylated product, tri-PEGylated product and

tetra-PEGylated product respectively and lower bands,
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Step 2: Synthesis of 4-(3-(p-tolylthio)propanoyl)benzoic acid 3(5). The
p-carboxy-3-piperidinopropriophenone hydrochloride 3(2) 5 (1.0 g) and 4-methylbenzenethiol (417 mg,

3(3)) were § P % %Qoa mixture of absolute ethanol (7.5 ml) and metha&p}mgs/gd?&gdine (50 gl)
R

was then adde e suspension heated to reflux with stirring for 6 h in an argon atmosphere. The
white precipitate afforded after cooling to 10 room temperature was filtered off with a glass filter (G3),
washed careflufipvithecbl8 adetorfe dhd eirieddn YRRROREIOLGIVETB{SR®EIZCMY). 94 VIR (400 MHz,

DMSO-d6) 8 2,215 3t PIGAYELE Im3dA B39 4L 2re2Hubid)e 4. 1426, (d, 2 X 2H, ArH of tolyl
moiety), 8.03 (m, 4H, ArH of carboxylic acid 15 moiety). Step 3, Synthesis of

4-(3-tosylprop&TRRybé£die acid 3(4). 4-(3-(p-tolylthio)propanoyl)benzoic acid 3(4) (160 mg) was 20
suspended in a mixture of water (10m1) and methanol (10 ml). After cooling in an ice bath, oxone (720

mg, Aldric?) was added and the reaction mixture allowed to, warm to room temperature while stirring
overight (15 )2 THE TeSiiting RHSpeSBIoAS ORCtet i H P ABH LA mhf So that 1t 25 became
nearly homogetsous s thenmodureswas thien extractedithieey times wish shlowaform (in total 100 ml).

volatlos under By ¢ SHC A Ged el SUT St e I EAMH (400 MG EISO- 30 i
8 2.41 (s, 3HSpleemy{CK3E BARHr ket TOIOM2R), 132641, 2HE SOBREHD 1 114627182 (dIEx 2H, ArH of
tolyl moiety), 33&%’&“@&6'5'3.%‘3 Of C@éb@%@ﬁ%n}ggw)ﬁisrbeta synuclein as
10 supplied by Abcam. The lane labelled 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 mone-PEGylated
product, di-PEGylated product and tri-PEGylated product
respectively, and lower bands, labelled B and A which
15 correspond to unreacted Hisg-beta synuclein and the impurity
in the supplied sample respectively. The lane labelled 3 is
obtained from the 3 eguivalents 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-
20 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.

25 A comparison 12 kDa PEGylation study was performed between
Hisg~beta synuclein and non-histidine tagged beta synuclein
{Abcam. cat no. ab48B53) using 1 eguivalent 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

30 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 labeslled C is mono-PEGylated Hisg-beta synuclein. The

lane labelled 2 shows the non-histidine tagged beta synuclein
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WO 2009/047500PCT/GB2008/003409 Step 4, Synthesis of PEGylated 4-(3-tosylpropanoyl)benzoic
acid, PEG reagent 3. The 4-(3-tosylpropanoyl)benzoic acid 3(4) (133 mg) and O-(2- 5

aminoethyl)‘-,@(')e%%mylfgjlt—‘@ (MW 10 kDa, 502 mg, BioVectra) were dissolygd.in;thsdpisene (5 ml). The

solvent was removed under vacuum without heating and the dry solid residue was then redissolved in
dry dichloromethane (15 ml) under argon. To the resultipha solution, cooled in an ice bath, was slowly

10 added diiSoPPEVICALVERMIAE (BTRPE, 86 Fid) hded Higdrs. TRE Fea@ormditretwas en kept
stirring at roogyiernperaiurenevernight 4154 aVelkatileswere. theraemave chsnderadcatisa (30C, water
bath) to afford a solid residue that was reéjissolved with gentle heating (35C) in acetone (20 ml). 15
The solution RES P BUEr ABn-eB3Brent cotton wool to remove insoluble material. The solution

was then cooled in a dry ice bath to give a white precipitate that was separated by centrifugation (4600

rpm, 30 min) __The liquid ph s dlgﬁén ed off and this.precipitation procedyre was repeated 20
three timeés. Eﬁceafm agfﬁs t 'eaiit\ﬁt?ng 0 -\Kvléii?e solid was dlr%sd under \%%uum to afford the PEG reagent
3 (437 mg). IH NMR (400 MHz, CDC13) 5 2.46 (s,3H, phenyl-CM), 3.38 (s, 3H, PEG-OCEW,

3.44-3.82 (br 48, REG)pF38n 2,83 [ 1%x.24, ArELofdelylaojety) £7-9% @hAthaATH of garhoxylic acid
25 moiety). Step 5: PEGylation on histidine of C-terminal hiss-taggH%i IFN a-2b To a 20 pl solution of

IFN a-2b (1.185RBARER RY miNt <88 20 phoddhard B Somtifing2 vk EBFAARd ¥50 mm
NaC1, pH 7.5mas addagd lemolaragquivalensef Hpka REGireaggAbdphate buffer

10 (10 mg/mL) for 5 hours. An aligquot of N-terminal 8 x
histidine tagged beta synuclein (Abcam, ab40545, 15 kDa) in
pH 7.8, 50 mM sodium phosphate (10 ulL, 0.39 mg/mL) was
chilled on ice then 1 molar eguivalent (with respect to
protein concentration) of 30 kDa PEC mono-sulfone was added

15 (1.6 ul). The reaction was then placed in the fridge and left

for 16 hours.

The resulting reaction mixture was analysed using SDS-PAGE
for size-dependent separation of its constituents and the

20 resulting gel after staining with Instant blue (Novexin) is
shown in Figure 11. 1In 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

25 band labelled B is the Polyhisﬁidine 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

30 correspond to unreacted Hisg-beta synuclein and the impurity

in the supplied sample respectively.

The gel was then alsc stained with barium iodide for

visualisation of PEG and the resulting gel is shown in
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(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 WO

2009/047509B GahiaBRaP8/003409 PEG reagent, again prepared by a metheg-analognuyssto that as
given above (3.3 pl of a 6.6 mg/ml solution in deionised water. Both samples were then analysed by

SDS-PAGE (NuPAGEéréeNovex 4-12% Bis-Tris gels, MES running buffer, all from 5 Inyitrogen, and
InstantBlue st {ERpedeort Bat N 18B1E)). The re30R is-8R6wn 51 FigdtRs 1htfe Y& fabelled 1
are the proteigHaagkess ckanie: 2nia the starting ¥EN onderhanesd shawsdbe iesult of the Ta&Da PEG

reagent reaction. Tr;{(]—:'r S distinct bands, between the, 30 and 160 KDa protein 10 markers
correspondin W65 a\%i%ietd 5f PEG 8%%%%%%%%%?%. lasr‘?ehzlelsthaovf/"é,2 the resutt 5tthe 20kDa PEG

reagent rea_ctmrpgiﬂh'mé_ drg th@@adistimd?m&&ke@hﬁhé 6D mlmKﬂalp_r:btéimmatkasl
conresponding o JEN i 1dp 3BEG chaips Conlugaled. T Anelabelied s dhg 20,a PEG 15

reagent which does not stain, so no band is visible. The lane labelled 6 is the 10 kDa PEG reagent

which does nbebgld,ash fo Wahalis wisiBIeSERBADIE 8: B TR PESYI&HS SERREEP-s\ERIMEN 20

labelled E and G which corresponds to PEG impurities, bands
labelled D and ¥ which correspond to a mono-PEGylated product
and di-PEGylated product respectively, and lower bands,

10 labelled B and A which correspond to unreacted Hisg-beta
synuclein and the impurity in the supplied sample

respectively.

Example 5. PEGylation on histidine in IFN a-2b with an 8
15 histidine sequence on its C terminal with 10 kDa and 20 kDa
PEG reagent 3.

O O

H
PEG—"*N—U—@——[K/\
SO,

(3)

20 Step 1, Synthesis of p-carboxy-3-piperidinopropricphenone
hydrochloride 3(2).
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WG 2009/047500 PCT/GB2608/003409
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A 250 ml round bottom flask was charged with p-acetylbenzoic
acid (15.0 g, 3(1)), 11.11g piperidine hydrochloride and

5 8.23g paraformaldehyde. Absolute ethancl (90 ml} and
concentrated hydrochleric 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

10 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,

I5 2H, COCHz}), 3.74 (t, 2H, NCH;}, 8.09 (m, 4H, ArH).
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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 taggagbsetaxgynuclein (Abcam cat. no. ab40545, 15.4 kDa) in pid1/gRpkmivksodium WO
2009/047500PCT/GB2008/003409 phosphate (10 pL, 0.38 mg/mL) were chilled on ice then either 1

molar equivalgnt (with respect to proteip gongenjration) o g{he, ivalents Of?é( a PEG mono-sulfone
(5) were addé&d Fé’Zé pl_%é)g1 ﬁ%ﬁspg_sré?s%e%tively# As!f (ojoﬁtiro ,%%%%ﬁaﬁgﬁog egig%zgylrﬁjc?&ﬁ Abcam
cat. no. ab488%3)14.3 kDa) were treated the same way and given either 1 molar equivalent (0.18 pL)

or 3 equivalents (0.52 pL) of the 5 kDa PEG mono-sulfone. The reactions were then incubated at
ambient temperature for 6 h. The resulting reaction solutions were analysed using SDS-PAGE 10 and

stained with IG5t bhas (ExpETETn) R SHOWIP I PRUFER RS ThBdahe tHiseHo dM Fowd (the Novex
Sharp progein(qla@k? D({l;mgtrggg@tqtg%@% g@ﬂ@r@ﬁ%ﬂh@l@me@qbgm} ajg2 are obtained from
a

the 1 equivalent of PEG reaction mixture and 3 equivalents of PEG reaction mixture 15

respectively. TRERRIHIPRbEed ANSIH4EHE SRtk FHtTBAMs Bdlow Fhte #ifurities from the

protein supplied by, Abgamy The,bands, lahellgd B, GpD,and Fawhichsoresponddamene-PEGylated,
di-PEGylated, tri-PEGylated and tetraPEGylated protein products respectively.
suspension heated to reflux with stirring for 6 h in an argon

atmosphere. The white precipitate afforded after cooling to
10 room temperature was filtered off with a glass filter (G3),

washed carefully with cold acetone and dried in vacuum to

give 3(3) (614 mg). 'H NMR (400 MHz, DMSO-d¢) & 2.27 (s, 3H,

phenyl-CHs), 3.24, 3.3%9 (t, 2 x 2H, CHz), 7.14, 7.26 (d, 2 x

2H, ArH of tolyl moiety), 8.03 (m, 4H, ArH of carboxylic acid
15 moiety).

Step 3, Synthesis of 4-(3-tosylpropanoyl)benzoic acid 3(4).

4-(3-(p-tolylthio)propanoyl)benzoic acid 3(4) (160 mg) was
20 suspended in a mixture of water (10ml) and methanol (10 ml).
After cocling in an ice bath, oxone (720 mg, Aldrich) was
added and the reaction mixture allowed to warm tce room
temperature while stirring overnight (15 h). The resulting
suspension was diluted with further water ({40 ml) so that it
25 became nearly homogeneous and the mixture was then extracted
three times with chlecroform {in total 100 ml)}. The pooled
chioroform extracts were washed with brine and then dried
with MgSOs. Evaporation of volatiles under vacuum at 30°C

afforded a white solid 3(4) (149 mg). 'H NMR (400 MHz, DMSO-

30 de) & 2.41 {s, 3H, phenyl-CHs), 3.42 (t, 2H, CC-CHz), 3.64 (t,
2H, SO,-CHs;), 7.46, 7.82 {(d, 2 % 2H, ArH of tolyl moiety),

8.03 (m, 4H, ArH of carboxylic acid moiety).
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20 Example 7: 10 kDa PEGylation of Hiscanti TNF-a 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 {(sfygiukg 4eby 25 from example 1, 10 mg/mL) in pH 7.8, 50 mM,sogiwmnahpshiate buffer (5
mg/mL) for 3 h. The C-terminal 6 x histidine tagged anti-Tiff 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 4HifBren PI¥E HASIF6 OF REEYLPERE (AaF pECFHFPRTREARBIL RERAEnts of 10 kDa
PEG mono-sulfane, ((Bid .4&0axvere.added to the His6-domain solutions at each of the four different
pH's WO 2009/047500PCT/GB2008/003409 (10 pL, 0.6 mg/mL). The reactions were then incubated
at ambient temperature for 3 hours. The resulting reaction solutions were analysed using SDS-PAGE
5 and stainediwih 4rstant blerel (Expeseon) asshowirinakigure314.) TH Bhentabeded Mskdws the

Novex Sharp protein markers (Inyitrogen). lanes.labelled 1 obtai th ction
mixture usgilngz%1 %nn(ﬁgf:ga/é&}%nén %%6?(§E§E ntgt E’)E gqgeang(?é %ﬁ'?%ﬁaﬁggﬁ?ﬁ rgégegctively.
The 10 band tbistledveds dnredieyed pllstmi- TN ErEpha Yoenan BHEbbdy #gRsaeY $he band labelled

B is the mono; PEGYIgted damain praduct..The Rands lakelied £ and 3 carresporddo di-PEGylated

and tri-PEGylated domain fragment respectively. PEGylation is seen at each of the four pH's and the
extent of 15 PEGY)IatdRiAcensed asthdpH fretessmpthane (15 ml) under argon.

To the resulting solution, cooled in an ice bath, was slowly
10 added diisopropylcarbodiimide (DIPC, 60 mg) under argon. The
reaction mixture was then kept stirring at room temperature
overnight (15 h). Volatiles were then removed under vacuum
(30°C, water bath) to afford a solid residue that was
redissolved with gentle heating (35°C) in acetone (20 ml).
15 The solution was filtered over non-absorbent cotton wool to
remove insoluble material. The solution was 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
20 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-CH;), 3.38 (s, 3H,
PEG-OCH3), 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
25 moiety}.

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

a-2b

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

pH 7.5) was added 1 molar eguivalent of 10 kDa PEG reagent 3

(1.8 ul of a & mg/m} 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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Example 8: PEGylation of Hiss-anti TEF-d domain antibody fragment using 10 kDa, 20 kDa, 30 kDa
and 40 kDa PEG. 20 10 kDa, 20 kDa, 30 kDa and 40 kDa PEG bis-sulfone (structure (1) from example

1) were sepgigtglyineyhated in pH 7.8, 50 mM sodium phosphate buffer fgr8doihs,al:agbient

temperature to give the corresponding PEG mono-sulfones (structure (2) from example 1). The
concentration of PEG was 25 10 mg/mL, 20 mg/mL, 30 mg/mL and 40 mg/mL for 10 kDa, 20 kDa, 30
kDa and 40 kPEPEeRASpecti?8y: RoBE SRGIGS o7 Yhé Cliedhhfital® R hrdidite HygedmiTNF

domain antibedy; k2. ZkBagsolatien {ih.25 Mme/nal.,e5 pk)in H0suaiM:seditm phasphates 480 mM sodium
chloride and 2 mM EDTA were then 30 added with the 1Q kDa, 20 kDa, 30 kDa a PEG
mono-suIfonew%ﬁﬁ0n§%%4sﬁrﬁpl{.l§ diaF 8qlivalertaf %%er%a%ﬁoﬁ?%@?@%ﬁen@%%%ga% at 4C for

8 hours. The reactiondsdl@tions weTe ilreryahalysHa HyrSDSiRAGE1AS showalih WOm
20091047?(195’&:9’ /682eg§8/0§)1§?40§n|:slggretélezu 'Ie'h% Lig#egdleﬁgl e@ddglo%h%% _'Ehei\]lalov%ﬂ@m protein

markers (Invitrogen | Used &s calibrants. The lane la s'the His6- anti TNF domain antibody
fragment shoW®icas & Feferense sTiverfanies |EbeNa® 246 5 die dhainexforaihels fshckionts! 10 kDa,

20 kDa, 30 kiag and.40 kba REGsJespeefively.oThe; bands labelled:fy are-inigacied Hliseanii-TNE
domain. The bands labelled B (810, 820, 830 and B40) correspond to the mono-PEGylated domain
fragments forSHR90, Bocai@ab Kb PER fesibctiVely” FheifRFRbe &G BT HON - There

are 5 distinct bands between the 30 and 160 KDa protein

10 markers corresponding to IFN with 1 to 5 PEG chains
conjugated. Lane 4 shows the result of the 20kDa PEG reagent
reaction. There are three distinct bands between the 60 to
110 KDa protein markers corresponding to IFN with 1 to 3 PEG
chains conjugated. The lane labelled 5 is the 20 kDa PEG

15 reagent which does not stain, so no band is visible. The lane
labelled 6 is the 10 kDa PEG reagent which does not stain, so

no band is visible.

Example 6: 5 kbDa PEGylation of Hisg-fi~synuclein

20
OH
9 O S0,
PEG—NAU—(: :)—U—( OH
SOQ"f
(4)
O 0
pH 7.8 H
» PEG—N OH

(5)

% kbDa PEG mohnc-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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10 corresponds to the di-PEGylated product for the 10 kDa PEG reaction and the 020 band
corresponds to the di-PEGylated product for the 20 kDa PEG reaction. Example 9: 2 kDa PEGylation

of His6-Endggfalisyandeh> comparative reaction with Endostatin not possegsirgzsuidybiséidine tag. 2
kDa PEG mono-sulfone (structure (2) from example 1) was prepared by incubation of the PEG

bis-sulfone (structure (1)) 20 from example 1) in pH 7.8, 50 mM sodium phosphate buffer (1 mg/mL)
for 4 hours. TRV RG0S of Edtetnindl 6% AiSHdIhE (3Gde ERdbieRinq@ disBehdfcdtinge324743) in

pH 6-2|, 50 (th%@Qium Rhesphate80 pki Ord Mg¥mbd were Ghillacken icasthesrgither ilomplar
equivalent (wijth respect_25 to protein concentration) or 3 equivalents of 2 kDa PEG o-sulfone
were added (1.8 bF 5 %T’_sre%ée ti\i‘e[f?). PI'%@ regction ‘Flnfilgf)u?g v:}é?s) th"é‘cﬁxﬁaﬁ‘gg ?nd?h Iafrége and left
for 16 hours. Twaoaliquoig ofi honstagged Brdostatirh Calbiocheh) catvanoa B0BRA769) in pek6.2, 50
i sodug posphge (10b, 02 ML) yere lbgaled gnicqben elher 1agla ecppualen

i Da PE

(with respect?g protein concentration) or 3 equivalents of 2 mono-sulfone (0.1 mg/mL) were
added (2.0 plsan6.0'pl; respectivety). Fhehreactiomabsthea placddmtthe35- fridefe) asd lett for 16

hours. WO 2&884%%7@9?§R/@%%09§(90§%0%h8 5 kDa PEG mono-sulfone. The

reactions were then incubated at ambient temperature for 6 h.
The resulting reaction solutions were analysed using SDS-PAGE

10 and stained with Instant blue (Expedeon) as shown in Figure
14. The lane labelled M shows the Novex Sharp protein
markers (Invitrogen) used as calibrants. The lanes labelled 1
and 2 are obtained from the 1 equivalent of 5 kDa PEG
reaction mixture and 3 equivalents of PEG reaction mixture

15 respectively. The band labelled A is Hisgg-beta synuclein.
Faint bands below it are impurities from the protein supplied
by Abcam. The bands, labelled B, C, D and E which correspond
to mono-PEGylated, di-PEGylated, tri-PEGylated and tetra-
PEGylated protein products respectively.

20
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)

25 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/mlL)in 50 mM sodium phosphate, 150 mM sodium
chloride and 2 mM EDTA was prepared at 4 different pH's (pH

30 6.2, pH 6.7, pH 7.0 and pH 7.4}. Three molar equivalents of
10 kDa PEG mono-sulfone {{(2), 1.41 pL} were added to the

Hisg~domain soclutions at each of the four different pH's
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The resulting reaction solutions were analysed using SDS-PAGE for size-dependent separation of
their constituents and the resulting gel after staining with Instant blue (Expedeon) is 5 shown in Figure
17. In Figureyghathalefishand column of spots labelled M shows the Noveye-$hatRipieigigsmarkers
(Invitrogen). The lane labelled 1 is obtained from the sample of the 1 equivalent of 2kDa PEG with

His6-Endostatin eactlo?? d sh WS bani_l Iabelled B and C whlcFécorre gblgd 10 to the unreacted
Gyla

protein, and mdfioPEGYIated'd 5[610ct réSBectivalys 1HTalg 18héi 2Tt frdm the sample of

the 3 equivalenitof 2kDa- Bt withHis 6 Ferrd astatim resaction and shows bands, labelled B and C which
correspond to the unreacted protein and mono-PEGylated product respectively. 15 The lanes labelled
3 and 4 were obtained from the 1 equivalent of 2kDa PEG with Endostatin reaction and 3 equivalents

of 2kDa PEG with Endostatin reaction respectively. Only a single band labelled A and B resgectlvely
which correspisi®tie trteadedrbfdin 720 htesent¥er Bofil AeaddiBs ShbWing Hetthe™ kDa

PEG only peagtsawith $he EtisG-Endostaiine Exapple 102043z and=3) kRa:REGHylationnfe

HisB-interfero alpha and.comp ction |th non-histidine tagged 25 mterferon alpha. A
solution of N- r'nlnérlrt?3 d}‘n?ﬁedli % g‘g{eef%ln}%’[er nsajg% (f@fﬁﬁig% BﬁﬁL)e\?vﬁs prepared in pH

7.4, 50 mM sodnnhephogﬂnatéﬁ:nﬁ@&mbntammgreﬁﬁammaﬁode@hllortde @ERBSranth30ithed 1.7 molar
equivalent (with respect to the rot neentrati a PEG lfone (s r from
4 Fﬁ& (458 pﬁ_ mp E% 2%8%39 E&%IS “Sulf Ql%ngi s C% %Q

example 1) was @dde mg ML Gne solution in elonlse water).
The reaction W&s piécédﬁrﬁth%,remﬁbeﬁraf’or fBH18 HoursdTié résuftidgspectively. The

10 band labelled A is unreacted Hisg-anti-TNF alpha domain
antibody fragment. The band labelled B is the mono-PEGylated
domain product. The bands labelled C and D correspond to
di-PEGylated and tri-PEGylated domain fragment respectively.
PEGylaticon is seen at each of the four pH’'s and the extent of

15 PEGylation increases as the pH is increased.

Example B: PEGylation of His¢~anti TNF-a domain antibody
fragment using 10 kDa, 20 kDa, 30 kDa and 40 kDa PEG.

20 10 kbDa, 20 kDa, 30 kbPa and 40 kbDa 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

25 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 © x histidine tagged anti-TNF domain antibody
(12.7kDa)solution (1.25 mg/mL, 5 ul)in 50 mM sodium
phosphate, 150 mM sodium chloride and 2 mM EDTA were then

30 added with the 10 kDa, 20 kba, 30 kDa and 40 kDa PEG
mono-sulfone solutions (0.74 pL, 1.5 mclar eguivalents). 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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WO 2009/047500PCT/GB2008/003409 reaction mixture was analysed by SDS-PAGE and the result
shown in Figure 18. In Figure 18, the lane labelled M shows the Novex Sharp protein markers

(Invitrogen)wised@scatibrants. The lane labelled 1 shows the reaction solutipazvibeigstoe band
labelled A corresponds to unreacted IFN, the band labelled B to monoPEGylated IFN, the band

labelled C to diPEGylated IEN and the hand lapbelled D to triPEGylated IFN. A second reaction with
one equivaleﬁllgf’é(%/ kDR PEESat- 06, %%%ﬁ)%r%d% s%\ows B%%I-%?%?ﬁal?? ﬁ?st%’lrnoe% fayged

atioh
interferon a-2p (3«2 mL, (X793 mg/os))atytd I . 55T hea lesuttamas simifer tbahe 20ki2a teaction with a

mono-PEGylated, IFN hand visible.b en the.60 and 80 kDa protein markers, a band between 110
and 160 kDalc%rr%I%%o%éiﬁsg toa(rjlit:ﬁ’E y atcei%nﬁ%lfh\%%% %aoﬁd%argé%etween the 160 %nd 260 kDa
protein markersfcoreespondiiitetolititREGlddted IEN. A domparsen alithadarefistititie tagged IFN

alpha-2b showed nq reactienwith gre egiivalgnt el Pk reagent(d) aigr 28dxand under the same

conditions, with the result shown in lane 2 of Figure 18. 20 ExaMple 11. Use of poly(vinyl pyrrolidone)
(PVP bis-sulf6REPRF Confugation®® RasfinafBsdHigfidifie 1a§gdd hifteAERSh alpha Preparation of

PVP with a teyminakaminergeoupsfs REIESSHRR 26:41ke was.ehargedmvitiecysteanune €3.042:g), dioxane
(8 ml) and a magnetic stir bar. After gentle heating_to allow a solution.to form, the solution was purged

with argon at708m EATFEGERBYor8 min® IS stif Barofig 1-05)32: pyrfSiRRES 213 8) was then
added and after,a Aother® il 30dhisbaas falloveatb by 2i2+aizpbi(Bembthypropiomitiibs) (01089 g). -

After af @er 2 min the ressure ubeaNa%ﬁgaﬁld with a_screw cap unq%r arggn&ggd @Jgged in an oil
- T £ I e

bath at Elijz; fg?ﬁ%s\%ﬁpsﬁrrmog. fer dllowing the tube and contents to cool to room temperature,

diethyl ether ¢¥spif)ion and the C20 band corresponds to the di-PEGylated

product for the 20 kDa PEG reaction.

Example 9: 2 kbDa PEGylation of Hisg-Endostatin and
15 comparative reaction with Endostatin not possessing a

polyhistidine tag.

2 kDa PEG mono-sulfone (structure (2) from example 1) was
prepared by incubation of the PEG bis-sulfone (structure (1))
20 from example 1) in pH 7.8, 50 mM sodium phosphate buffer
(1 mg/nL} for 4 hours. Two aliguots 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
25 to protein concentration) or 3 equivalents of 2 kDa PEG
mono—-sulfone were added (1.4 uvL or 4.2 plL respectively}. The
reaction mixture was then placed in the fridge and left for
16 hours.
Two aliguots of non-tagged Endostatin (Calbiochem cat. no.
30 324769) in pH 6.2, 50 mM sodium phosphate {10 pL, 0.2 mg/mL)
were also chilled on ice, then either 1 molar eguivalent
(with resp@ct'to protein concentration) or 3 equivalents of
2 kDa PEG mono-sulfone (0.1 mg/ml) were added (2.0 ul or
6.0 ulL respectively). The reaction was then placed in the

35 fridge and left for 16 hours.

40



WO 2009/047500PCT/GB2008/003409 was added causing precipitation of the polymeric product. The
liquid phase was decanted away and the solid residue redissolved in acetone (3 ml). The resulting

acetone solytipnwasthgn added dropwise to rapidly stirring diethyl ether f-@ggnh)ahd e precipitate
isolated on a no. 2 sintered glass funnel with a slight burst of vacuum. The solid was washed with

fresh diethyl ether (10 ml) and then allowed to dry under vacuum at room temperature (mass = 1.24 g,
white solid). 10 Conjugation of protein reactive end group to PVP-amine: PVP- amine (500 mg),

4-[2,2-bis[(p-tohdsuttanyl)piethyllacetylthenzeic acitldd 25Wwag): and=A-dinaethytamimopysdieres® mg)
were mixed with anhydrous dichloromethane (10 ml) upder argon and with stirring w en added
1,3-diisopropél%grbsolazii?nigg a%n&%ng)] .sler?earreés%uﬁ?nng Pn#]xtﬁglee \J/quéscacfl%\slvteldtct%es %r%o?a%sh%%teroom
temperature amds thigni filtered thedigle noatatisorbantédttontwebh Mo thefitrafxwaddhen ateled diethyl

ether (20 1) gfdfhe esulligg predipliate solaied by cepirifugarian £ 00/BM. A 2£). The liquid
phase was 20 decanted off and the remaining residue vortexed with ethyl acetate (5 ml) for several
minutes. AfteFBeEanthidreff thel ethys eemiélphdtevhs solid Fesilte WPad rétfsdsvéd in

dichloromethane, (5 i) faliowed By the additionof ety acetate {1 mheEhe sefutioRavas placed in

dry-ice for 25 15 min resulting in precipitation of a solid which was then isolated by centrifugation
(2,000 rpm, 257 2=CT Friid &tickySrésidire 6bthird #4583 offeket With fféShEthYPEc&EE (5 ml) and
then dried undegvaguin atdoemdemnpeiatise (Massia 818 gh300-ractienatien: o& PMEhhis-sulfone:

The solid material pbtained fro ?e above, step was mixed Wi eous 20 mM, sodium acetate
buffer, 15 mWN%%l,%%iﬁ)c% tI}ijern‘:%e‘iﬁt?i'fugaé1 a{nfﬁli})o%\é@ fi%‘{eﬁéa‘l Brgacrg?éa:ution was visible. The
solution respectively. The lane labelled 2 is obtained from the sample

~of the 3 eguivalent of 2kDa PEG with Hisg-Endostatin reaction
and shows bands, labelled B and C which correspond to the
unreacted protein and mono-PEGylated product respectively.

15 The lanes labelled 3 and 4 were cbtained from the 1
equivalent of 2kDa PEG with Endostatin reaction and 3
equivalents of 2kbDa PEG with Endostatin reaction
respectively. Only a single band labelled A and B
respectively which corresponds to the unreacted protein is

20 present for both reactions showing that the 2 kDa PEG only

reacts with the Hisz-Endostatin.

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

25 interferon alpha.

A solution of N-terminal 8 x histidine tagged interferon o-Z2b
(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
30 then 1.7 molar eguivalent (with respect to the protein
concentration) of 20 kDa PEG bis-sulfone (structure {1} from
example 1) was added (420 uL 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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WO 2009/047500PCT/GB2008/003409 phase removed from the solid residue and then fractionated
on a HiLoad 16/60 SuperdexTM 200 prep grade size exclusion column (GE Healthcare) running 20

mM sodiumyageiateputier, 150 mM, pH 4.0 at 1 ml/min by collecting fractigRs@yaigdosai during 5
peak elution. The fractions eluting between 72 to 80 min was used for protein conjugation. PVP con u

ation to N-terminal 8 x h st dine ta..ed IFN :IFN (0.0 0. /ml din 7.5, 50
mM sodium ﬁ%%f)ﬁ%\%(élbﬁlﬁégﬁ:%ﬁa‘iﬁ?ﬁg igaqiﬁﬁgoéﬁm%gh%%&g%%%%%gv agrpgée g é?llzlrl\ll (25 pg,

0.5 mg/ml) waa@ededrbOrplefithe ¥eactibnattidRYP 1i8,sutfone lsoheticmrarattdns! 72mins 74 min, 76
min, 78 min and 80 min). The resulting salution was ge t%/ mixed ?‘ eft C_qvernight. The
resultant rea?;ctrh)% %ociﬁﬁ(%in év%a%rgnéif;g%f 6)%/{ S6S %&%Eqar?dv%;}%erpe%% t;is u1%%3 own in Figure 19. In
Figure 19, the fanidfabetied Mishowanthe NdvaklSHarp plotels misikers fiavitoyed) Liskdas calibrants.

The lanesdahglled? 19,3 showthesgastian splutiops digm the, different sized £V R rragepidractions

used (72 min to 80 min PVP fractions from 2 to 5 respectively). 20 The bands labelled B show the

mono- and MERRBVERR 49 ENPobiTed B3EmIa 1ed Mditfmetit e driighticHPErihEstiérohlpha with

interferon alphazusing Nctegminal &x histidine taggera22 intederon:alpha; p80A sektionaf N-terminal
8 x histidine tagged Interferon a-2b

A second reaction with one equivalent of 30 kDa PEG at

10 0.5 mg/ml and a solution of N~terminal 8 x histidine tagged
interferon a-2b (3.2 mL, 0.793 mg/mL) at pH 7.5. The result
was similar to the 20 kDa reaction with a mono-PEGylated IEN
band visible between the 60 and 80 kDa protein markers, a
band between 110 and 160 kDa corresponding to di-PEGylated

15 IFN and a third band between the 16C and 260 kDa protein
markers corresponding to tri~-PEGylated IFN. A comparison 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,
20

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 & terminal amine group: A pressure

25 tube was charged with cysteamine (0.042 g), dioxane (8 ml)
and a magnetic stir bar. After gentle heating to allow a
sclution 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

30 this was followed by 2,2’ -azobis{Z-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 fo room temperature, diethyl ether (15 ml)
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(50 pL, 1.14 mg/mL) was prepared in pH 7.5, 50 mM sodium WO 2009/047500PCT/GB2008/003409
phosphate buffer containing 150 mM sodium chloride (PBS) and then 0.125 molar equivalents (with
respect to thesnpiein-sancentration) of 10 kDa PEG bifunctional PEG reagepti$hwiasadsed (0.47 pL
of an 8 mg/mL solution of (6) in water). The 5 reaction was left at ambient temperature for 18 hours.
The resulting reaction mixture was analysed by SDS-PAGE. The resultant gel showed a band between
the 50 kDa aH@ B0AIIE NGFRL S pProEhd hé?ﬁé%n(lﬁ\ﬂtrBB§n?8ﬁé’F‘§t5?n‘fn§5ﬁﬁ1uﬁ1§tarﬁﬁue
(Expedeon) thatcarespends imthiedEbRTE IRNGY fusibneenjugated Exasipled 3. Multimeric
conjugation of Nd-termiEnaI x_ histidin ta%ge Int?trferol[}lalphg Wi# hHman serum a'%ﬂ@;'{r}_ HnSA)
containing a fr&8 10%{3&;{8 15°r& 8%otition 'of N-términar 8% Risti ﬁegtaaae Thierfefon a-2b (2 mL,
1.14 mg/mL) peepareeningstd &b, B0p sedium phpsphatestiiffericontaibaighy30 atfesodium chloride
(PBS) wag adced pyman,seri abuinin g maiar eqyivaleisdq 1EN, 20 1. Limaian allowed to
dissolve. To this solution was addéd 10 kDa PEG bis (bissulfone) (structure (6) from example 12) (1
molar equivaiehi $6 |ENRES hLwdftd nig/SlL BB kDAREG bi§ S 3eHond @) Selitiorimswater). The
reaction mixtyreswas lgft @ aphignt tempargture faclsd hoyrshhe reswting, 23 reagtion mixture was
purified by ion-exchange chromatography followed by metal-ion affinity chromatogra%)b and then

analysed by SO6%-PAEE afrihdtedil FCSRWATR BIGFR 2. IRtdure 20, 4He fand’ led M shows

the Novex Shasp piretein markers (Invitrogen) used as calibrants. The lane labelled 1

10 Conjugation of protein reactive end group tc PVP-amine: PVP-

amine (500 mg), 4-{2,2-bis[{p-teolylsulfonylimethyljacetyl]-
benzoic acid (125 mg), and 4-dimethylaminopyridine (6 mg)
were mixed with anhydrous dichloromethane {10 ml}) under argon
and with stirring was then added 1,3-diisopropylcarbodiimide

15 {80 ul). The resulting mixture was allowed to stir for 20 h
at room temperature and then filtered though non-abscrbent
cotton-wool. To the filtrate was then added diethyl ether
(20 ml) and the resulting precipitate isclated by
centrifugation {2,000 rpm, 2 min, 2 °C). The liquid phase was

20 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 additicon of ethyl
acetate {15 ml). The solution was placed in dry-ice for

25 15 min resulting in precipitation of a sclid which was then
isclated 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 wvacuum at room temperature

{mass = 0.118 qg).

30 Fractionation of PVP bis-sulfone: The solid material obtained

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

13,00C rpm until a clear solution was visible. The solution
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30 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-alg¢mine/dataims 1. A process for the preparation of a compoungofihegenmmabéormula (1a)
in which one of X and X represents a polymer, and the other represents a hydrogen atom; each Q

ndependently pepiesenie.d INKPIGIOURL. oo tepresanizanelacipnyiiaping olelyy a
moiety prepara e %y reduction of an electron-wit drawing moiety; or, If X' represents a polymer,
X-Q-W- togetheH ifayarkptésiéift @em@ﬁ%itﬁ@i%\pmmpﬁamiﬁ@daﬁréhpﬁborem@éémts a
polymer, X' and elegtron withdrawing groyp W dogethes with-the dntetiacent, atams mayform, a ring;

Z represents a protein or a peptide linked to A and B via a polyhistidine tag attached to said protein or
peptide and dhtdinfhgafrorh 2id T2 hiSiRe tSFGeSIA 18 €1 BTHIASRE Br Al_TYISHE ¢R&in; and B
is a bond er €414 alkylensmor alkenylenetchsin whigh comprisesseacting eitheo (Garcapgound of

the general formula . , _
used for protein ccnjugation.

PVP conijugation to N-terminal 8 x histidine tagged IFN alpha:

IFN {0.025 mg, 9.5 mg/ml) was prepared in 7.5, 30 mM sodium
phosphate buffer containing 150 mM sodium chloride (PBS). To
10 50 ul of IFN (25 ug, 0.5 mg/ml) was added 50 ul of the
fractionated PVP bis-sulfone solution (Fractions 72 min,
74 min, 76 min, 78 min and 80 min). The resulting solution
was gently mixed and left at 4°C overnight. The resultant
reaction scluticon was analysed by SDS-PAGE and the result is
15 shown in Figure 19. In Figure 19, the lane labelled M shows
the Novex Sharp protein markers {(Invitrogen) used as
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).
20 "The bands labelled B show the mcno- and multi-PVPylated IFN

obtained.

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

25 Interferon alpha

802\ ?{

p— Q i
b.©7:soz/ @ : ﬁ——PEG_N \\_// \_802

(6)

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

(50 pL, 1.14 mg/mlL) was prepared in pH 7.5, 50 mM sodium
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X-Q-W XI-Q B- in which: X, X', Q, A and B have the meanings given above; W' represents an
electron-withdrawing group; or, if X' represents a polymer, X-Q-W' together may represent an electron

withdrawingxgsauyyaehgach L independently represents a leaving group pefrfiteasegmpagnd of the
general formula in which X, X', Q, W', A and L have the meanings given for the general formula Il, and

in addition if X represents lymer, X and electron:withdrawi roup W' togeth ith the intedacent
atoms may PR TG B T4 e CrE e g o A R ST o 574 RSPt e chr iy a
polyhistkiine talgeattathkeglstorsalc prateinioepeptice 4rd contasipgdtorn® tohe2 histidine:residues; and
f desired, reduging ihe clectian-withdiguina 0iaup Wi <2fo prasess asdlalmed In,clajm L ich is
carried out at a pH In the range of from 6.8 to 3. A compound of the general formula -é-W Xl -QB (la)

in which one éfiRethd(R"-rEpréderfts aapol§nied/aid #8e biherreprleséhls ahydedgen - The

5 reaction was left at ambient temperature for 18 hours. The
resuliing reaction mixture was analysed by SDS-PAGE. The
resultant gel showed a band between the 50 kDa and 60 kDa
Novex sharp protein markers (Invitrogen) after staining with
Instant Blue {Expedeon} that corresponds to the IFN-PEG-IFN

10 fusion conjugate.

Example 13. Multimeric conjugation of N-terminal B x

histidine tagged Interferon alpha with human serum

albumin (HEA) containing a free cysteine.

15
To a solution of N-terminal 8 x histidine tagged Interferon
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 IEN,

20 10.77 mg) and allowed o dissolve. To this solution was added
10 kDa PEG bis (bisssulfone) (structure (6) from example 12)
(1 molar eguivalent 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

25 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

30 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.
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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,
XQ-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 repre$8nif@$ protein or a peptide linked to A and B via a polyhistidine tag attached to said protein or
peptide and containing from 2 to 12 histidine residues; A is a C[..5 alkylene or alkenylene chain; and B
is a bond or a C1-4 alkylene or alkenylene chain. 4. A compound as claimed in claim 3, in which the
polyhistidirte tag containscgirigasitdhistidiveresiddes. tis: gesomigoundias claimed in claim 4, in which
the polyhistidine tag contains from 4 to 10 histidine residues. 6. A compound as claimed in any one of
claims 3 to 5, in which the polymer is a polyalkylene glycol, a polyvinylpyrrolidone, a polyacrylate, a

polymethacrylate, a ponoxazoIi?‘?e',"a@p’Gl i ohol, a polyacrylamide, a polymethacrylamide, a
HPMA copolymer, a polyester, polyacetal, poly(ogtho ester), polycarbonate, poly(imino carbonate),
polyamide, a copolymer of an alkyleng oxi a polyester, polyacetal, poly(ortho ester), or

poly(amino acid), a polysaccharide,% protein, polyglutarnic acid, a copolymer of a saccharide or an
amino acid and a synthetic monomer, or a copolymer of @ivinylether-maleic anhydride and
styrene-maleic anhydride. 7. A compound as claimed in claim 6, in which the polymer is a polyalkyiene
glycol. 8. A compound as claimed in claim 7, in which the polymer is a polyalkylene glycol containing

C2 and/or C3 ypifs, 9, A,compeuns-as claimed inclaim 8, i yvhichdle Rplytearis aebgeihylene
glycol. 10. A compound as claimed in claim 6, in which the polymer is a protein.
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-Q3-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 a polyhistidine tag

attached to said protein or peptide and containing from 2 to 12 histidine residues;
A 18 a Cy.5 alkylene or alkenylene chaimn; and
B is a bond or a C;.4 alkvlene or alkenylene chain;

which comprises reacting either (i) a compound of the general formula

X—Q—W'_a—L

L

A'=0 -
(1)
i which:
X, X', Q, A and B have the meanings given above;
W' represents an electron-withdrawing group; or, if X’ represents a polymer, X-Q-W'
together may represent an electron withdrawing group; and

each L independently represents a leaving group;

or (ii) 2 compound of the general formula
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11. A compound as claimed in any one of claims 3 to 10, in which said conjugated protein or peptide is
a peptide, polypeptide, antibody, antibody fragment, enzyme, cytokine, chemokine, receptor, blood
factor, peptide hormone, toxin, transcription protein, or multimeric protein. 12. A compound as claimed
in claim 11, in which said conjugated protein or peptide is an antibody or an antibody fragment. 13. A
compound as claimed in any one of claims 3 to 12, in which said conjugated protein or peptide is a
native protein which has Beenteacied with-eng or more blocking groups to protect sensitive groups
thereon; or is a protein which is additipnally conjugaied with one or more polymers, small molecules

which are therapeutics or diagnostics,/st %, and/or starches. 14. A compound as
claimed in any one or claims {613, in which each ndependently represents a direct bond, a
C1_10 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
represents a hydrogen atom or an alkyl or an aryil§roup, keto groups, -O-CO- groups and/or -CO-O-
groups. 15. A compound as claimed in claim 14, in which Q is an alkylene group or a direct bond. 16.
A compound as claimed in any one of claims 310 15, in which W represents a kern or aldehyde group

CO, an gstekigronpxx0-Q0%ior & suhane:greupeDRds, OFengteuR-ohtainadhyniad uktioa af such a
group; or in which X-Q-W- together represent an electron wjthdrawing group 17. A compound as
claimed ARt oné SPAEHLE &Y B oL 5‘(?%“3%1%‘%‘#?% ey %@.%@m@%ﬁ@as claimed
in either;glaimcdrobaiainhwhichthe corapduneeprapatedrsa-gempaundudimsebisiany one of claims
4 to 17. 19. A pharmaceutical composition comprising a compound as claimed in any one qf claims 8
t0 17, toRFEHIGE AT B pRARNALSUHIEA e bl RO A PO EPrI S AU Fany one of

claims torlfisarapharmaseuical Gamposiinrias taimed:ih clatmiyiiar pesjirtherapy.

2. A process as claimed in claim 1, which is carried out at a pH in the range of from 6.8 to

8.5.

3. A compound of the general formula

X—Q"‘“W\x/p._\

/l\B/Z

X' =0
(a)

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

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-
(J-W- together may represent an electron withdrawing group; and in addition, if X represenis
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 a polyhistidine tag

attached to said protein or peptide and containing from 2 to 12 histidine residues;
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A is a Cy5 alkylene or alkenylene chain; and

B is a bond or a C; 4 alkylene or alkenylene chain.

4. A compound as claimed in claim 3, in which the polyhistidine tag contains at least 3

histidine residues.

5. A compound as claimed in claim 4, in which the polyhistidine tag contains from 4 to 10

histidine restdues.

6. A compound as claimed in any one of claims 3 to 5, in which the polymeris a
polyvalkylene glvcol, a polyvinylpyrrolidone, a polyacrylate, a polymethacrylate, a
polyoxazoline, a polyvinylalcohol, a polyacrylamide, a polymethacrylamide, a HFMA
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
pbly(amino acid), a polysaccharide, a protein, polyghutamic 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.
7. A compound as claimed in claim 6, in which the polymer is a polyalkyiene glycol.

8. A compound as claimed in claim 7, in which the polymer is a polyalkylene glycol

containing C; and/or Cy units.
9. A compound as claimed in claim §, in which the polymer is a polyethylene glycol.

10. A compound as claimed in claim 6, in which the polymer is a protein.

11. A compound as claimed in any one of claims 3 to 10, in which said conjugated protein or
peptide is a peptide, polypeptide, antibody, antibody fragment, enzyme, cytokine, chemokine,

receptor, blood factor, peptide hormone, toxin, transcription protein, or multimeric protein.

12. A compound as claimed in claim 11, in which said conjugated protein or peptide 1s an

antibody or an antibody fragment.
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13. A compound as claimed in any one of claims 3 to 12, 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.

14; A compound as claimed in any one or claims 3 to 13, in which each Q independently
represents a direct bond, a Cy.j 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 represents a hydrogen atom or an alkyl or an aryl group, keto

groups, -0-CO- groups and/or —CO-0- groups.
15. A compound as claimed in claim 14, in which Q 1s an alkylene group or a direct bond.

16. A compound as claimed in any one of claims 3 to 15, in which W represents a keto or
aldehvde group CO, an ester group -O-CO- or a sulphone group -SO»-, or & group obtained
by reduction of such a group; or in which X-Q-W- together represent an eiectron withdrawing

group.

17. A compound as claimed in any one of claims 3 to 16, in which X is a polymer, and X'-Q-
is H-.

18. A process as claimed in either claim 1 or claim 2, in which the compound prepared is a

compound claimed in any one of claims 4 to 17.

19. A pharmaceutical composition comprising a compound as claimed in any one of claims 8

to 17, together with a pharmaceutically acceptable carrier.

20. A compound as claimed in any one of claims 3 to 17, or a pharmaceutical composition as

claimed in claim 19, for use i therapy.
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