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PROTEI N GLYCOSYLATION Field of the Invention The
present application is concerned with nmethods for the

wqahkywaeydsat i on of proteins and the gl ycosyl at eBCT/GB2006/001274

proteins provided by these nethods. Background to the
I nvention The co- and post-transl ational glycosyl ation
of proteins plays a WRATEINIGLYCOIMLATHON ogi cal
behavi our and stability (R Dwek, Chem Rev.,

96: 683-720 (1996)). For exanple, glycosylation plays a
maj or role in essential biological processes such as
dield ofithebdviention and regul ati on, devel opnent and

[ tudy of these.ev difficu

P eschs e e ] R6PE & Rahoett [ APUFAFF Y aef of proteins and

Mh& YRS 18 ftortR Ik §H i trRbQr ABmbfat possess the same
pep ?d(gs%k?ackpgone t?{rjt di f%gt? In both the nature and the

site of glycosylation. Furthernore, since protein

osylatiop s not under direct genetic control, the
g%éﬁggépgﬂmégebﬁﬁwﬁﬁéutic gl ycoproteins in mamal i an

| cGULEUrL . h 0 ] r f, i : .
oo o R e P P ane g yial ol in ther
dliglogipalobeiamiogt yendf sinbitityi Rt Develd di/enndtevqndér688-720 (1996)). For
prerequi site for accurate inyestigation, purpaoses, but
i ¥aGp ﬁi)’F%%’%W& l?aﬁéb’;oi‘ ElRE i Bh el bdlge P rragets eh s coll

- [ [ r r :

AR st AR Ryl P B RY KL SafBE thgso cvents is made

idiffenltdykhafapt thelogiyearbieing ochier magaleasamiktinas of &-edlled glycoforms
rotein therefore all ows

3{3@9 SF‘:’SS e 3%191{3 rebes GAskbRge Ay st WOP‘Pthrthe ir}{%@lre and the site of
e
aloatrok alhe expression of therapeutic glycoproteins in mammalian cell culture leads to
heterogeneous mixtures of glycoforms. The ability to synthesise homogeneous
glycoprotein glycoforms is therefore not only a prerequisite for accurate investigation
purposes, but is of increasing importance when preparing therapeutic glycoproteins, which
are currently marketed as multi-glycoform mixtures (e.g. erythropoietin and interleukins).

Controlling the degree and nature of glycosylation of a protein therefore allows the

possibility of investigating and controlling its behaviour in biological systems.

A number of methods for the glycosylation of proteins are known, including chemical
synthesis. Chemical synthesis of glycoproteins offers certain advantages, not least the
possibility of access to pure glycoprotein glycoforms. One known synthetic method
utilises thiol-selective carbohydrate reagents, glycosylmethane thiosulfonate reagents
(glyco-MTS). Such glycosylmethane thiosulfonate reagents react with thiol groups in a
protein to introduce a glycosyl residue linked to the protein via a disulfide bond (see for

example WO00/01712).

Cu(]) catalyzed triazole formation has been used for a number of labelling studies (Link et
al., J. Am. Chem. Soc. 125: 11164-11165 2003; Link et al., J. Am. Chem. Soc. 126:

CONFIRMATION COPY
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synthesis. Chenical synthesis of glycoproteins offers
certain advant ages, not | east the possibility of

waeoewssec® pure gl ycoprotein glycofornms. One KROWGB2006/001274

synthetic mat hod utilises thiolyselective carbohydrate
reagent s, cosyl nmet hane thi osul fonate reagents

(HI5P80L00MS 0 Sk Sprse 6% 9l rfehamaistey eid BmM)g}oHatSéS 546 2004) as well

AP SR ol 6 Aol ol SRR 0 s P 3P By g attacive

afedingdsl IS ré&éﬁ@n ﬁfeetﬁe hoh @MWWOW&%X& %f az1@§(\@th alkynes and

cata zed triazole formati on has been used f
itto peafoah| thepagiiandinsler g¢quenus @mdaion,s Mthemsememﬁa variety of
%@64 11165 2003; Link et al.; J . Am Chem

S 1
gféerfﬂ%mf& 8"H0602 2004: and Speers et al . _
Chem stry and Biology 11: 535-546 2004) as vveII as in

s nt hesi s &I"Igrnoe et al., J. Og. Chem 67(9):
2tpre feijpets etael,i Q. fledt 6¢€8:3023-8h26 2004) synthesis of

2%%%54'8 Tt %a{?%?h Bt et bl g opep s oMU HELY fumctionalised
rfaebicakathdd a‘@g 4£® Bﬁ)t&:@&ﬁérhin% na%ldsyb epﬁg«ﬁﬂ{ag %@é}i: ?er&tns?rated Also

variety of other functional groups.
| athesr A1ngs eof Kurjoperlinket glycocoByugatek etvere reported (Chittaboina et al.,

ol ebegPrafihoda2n s oafd LS | Vg copppimIB R oRilizing protected

oatBoaimtd wpehiaral | sed protected carbohydrates and
proteCted am no aci ds/ pepti des has been denonstrat ed.

Al so other types of triazole |Iinked gl ycocgnj ugat es
re r ttaboina et _al., Tetrahedron Lett.
2%@ 9«8% &RnRercld syslichraptidedNcely) EYSfﬁlemme thoiester

RBWA@S"}t 88 RBLARRY Fidhe fgﬁéﬂo\ﬁ?ﬁfg\/ ﬁﬁo tlh ep%ﬁaace th% method involved

nodi fi'ed a 10 am no”aci d cyc

cybstdaimg entihoi @sdselin (tBAAESptide wﬁhr@lduaﬂla&hrky gino acid analogue,
functi nlallt dn%othe pepti de. The nethod invol ved

propargy. g ycine,. at ditferent posmons in the peptide (Van Hest et al. J. Am. Chem. Soc.
122:1282-1288 (2000) and Kiick et al., Tetrahedron 56:9487-9493 (2000)). The modified

peptides were then conjugated to azido sugars to produce glycosylated cyclic peptides.

There is a need for a simplified method, for example one which does not require the use
of protected glycosylating reagents, for glycosylation of more complex structures, for
example proteins, than described in the prior art and which allows glycosylation at

multiple sites in a wide range of different proteins.

Statements of the Invention
According to a first aspect of the present invention there is provided a method for
modifying a protein, the method comprising modifying the protein to include at least an

alkyne and/or an azide group.

As used herein an “azide” group refers to (N=N=N) and an “alkyne” group refers to a CC
triple bond.
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substituting amno acids in the peptide with the
unnatural am no acid anal ogue, propargyl glycine,. at

wdi2bdeawexas positions in the peptide (Van Hest eCTAIB200b/001274

Am Chem Soc. 122:1282-1288 (2000) and Kiick et al.,
Tetrahedron 56: 9487-9493 (2000)). The nodifi ed
ngéidicoiiereto the presoin] seyerebyl involves itarosubsigtation bb one or more amino

p

lic ides. There is. a nee
PSS T M S SR SRS b e Dime o
nofide @auh.r Althatuie @fin RIALiSSiete %%g&ﬁ% i k¥ification to the protein
reagents, for gl ycosyl ation of nore ¢o

oy éaliedss thef infroduciivpl ef prepbeimse phaal m:lnmoradn@mtm the protein as

| | t
B oL AR B B GRRhtimas ie
ShadiBBRMNSofO] sillEBhdiN VRN bRt RSP IPinBRdL 9 cﬂe&ﬁd'af%rgug for example a

aspect of the present invention there s provid
ribtoh @ﬁOLfEDr Thediodjficaton oftiet pmlotc,cljn td mo:‘imteimﬂazﬁdm‘lmgt}&b g thiol group
the protein to include at | east an al kyn

21%&1 3/ ﬁ SFCWS i 2‘ B’Feo‘iFﬁem%%eduE%% 197k vefhin dhe ampnqacidgyegnence of the
rﬁf,@[ns to (N=N=N) and an "al kyne" group refers to a CC
triple bond. The nodification to the protein generally
i nvol ves the substitution of one or nore am no acids

one or _ nore am no acid anal ogues

C@n‘% TS eﬁrﬁ %B%H‘%V' n thes Fyegion, theqy @oé}fg:@gon to the protein involves the
@ub@c{tﬂt%ﬂ ¥Eb¥o oPfmotd 2Rl iR iR %ﬁ?enfl Wl@hgoq{enc% mbfl%on-natural (ie.

nodi fication to the protern may I
inenrmturelly oncufingnamon mid engagussal Tenoo-nawtdanifb Gicid analogue
the rotein as di cusse herejn, In anot her

hafriefyonipp an Pgfropie malogre may he rh@;mpmpargyl glycine
'(f%g Y€ard bfé ddlf Iy C%Hm e S{i’)cs'lﬁg vio fbs%f(izﬁﬁ@?{?h n%(?allyl glycine

acid to 1nclh eéc group, Tor exanpie

qHag)o(VMemdalf iRERS Déttemsf 42BLEPTO(BI8))tadd/od GriddRorAalanine (Aha)
ne or thiol

a(ﬁucl? et al roc Natl. Acad. Sci. U%A 99, 19-24 (2002), preferably homopropargyl

glycine.

The modification of the protein to introduce one or more unnatural amino acids, for
example methionine analogues, may be achieved by methods known in the art, see for
example Van Hest et al., J. Am. Chem. Soc. 122, 1282-1288 (2000). Specifically the
modification of a protein to introciuce one or more methionine analogues involves the site
directed mutagenesis to insert into a nucleic acid sequence encoding the protein the codon
AUG coding for methionine. Preferably the insertion of the codon for methiom'ne occurs
at a pre-determined position within the nucleic acid sequence encoding the protein, for
example at a location within a region of the nucleic acid sequence that encodes the N- .
terminus (or amino end) of the protein. Expression of the protein can then be achieved by
translating the nucleic acid sequence containing the inserted methionine codon in an
auxotrophic methionine-deficient bacterial strain in the presence of methionine analogues,

for example, Aha or Hpg.
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typically occurs at a pre-determ ned position within
the am no acid sequence of the protein. In a preferred

wapwscneas the invention the nodification to tRET/GB2006/001274

protein involves the substitutijon of one or nore amn no

acids in the protein with one or nore non-natural (ie.

nbie mathed aIf|the gventien nyy iavilve tecinddidicatiogotte prbtein to include an
nen- nat ur a inp aclid,apal.ogue may be a nethionin .
AHTEHE1D PR S L AR S R o B i opabgyrotein with
HorsdpApak cinéaf hoRRklIfleiRline. J. Am Chem Soc, 122,
1282-@%85?%8,00)), hormaﬁlgy gl yci ne (Hag) (Van Hest

et al., FEBS Letters, 428, 68-70 (1998)) and/or

SRR BRGNS S s ety e mosiston o e
_ L - “) . _ . o

I8 PRI 4800k Wy ATl LCRIBIAAL A0 B Bl it

dhappiten wethtvzolvhnmoalasinegues, may be achi eved by

met hods known in the art, see for exanple Van Hest et
al., J . Am Chem Soc. 122, 1282-1288 (2000).

Refetdtif BlelNethtBo B idvenabh AR oRfes ﬁle%gﬁiﬁicﬁiénoof the g{c?tein to include

i ntroduce one or nore nethionine anal ogues 1 nvo _
tdneazgietgoufi (ae deedbad hagimhesd sn dlRynagreuh (dsrlescrdved Hedeii)
aci d sequence encodi ng the protein the codon AUG

codi ng for nmethionine. Preferably the insertion of the

CRAO0R -, OhrofBE i aRi S; -de . .
o e AP i e ab e S iy of 2 amin
progtsg phaminoracieasifhe (génepallyograiterahan 0)joihed t6ggied By Béptide bonds.
tjg?e nucl ei ¢ aci d, sequence that encodes the Nt erm nus ) ]

(O AR FoEhepRsfset A ths pisihs nesisrabbs i apring peid. Any amino acid

%Qiﬁéﬁtﬁé‘ﬁ-kpﬁf‘fo%%, achi eved by translating the

nucl el ¢ acli d sequence containing the inserted
met hi oni ne codon in an

In a preferred aspect of the invention the protein comprises a thiol (-SH) group for
example present in one or more cysteine residues. The cysteine residue(s) may be
naturally present in the protein. Where the protein does not include a cysteine residue, the
protein may be modified to include one or more cysteine residues. A thiol group(s) may
be introduced into the protein by chemical modification of the protein, for example to
introduce a thiol group into the side chain of an amino acid or to introduce one or more
cysteine residues. Alternatively a thiol containing protein may be prepared via site-
directed mutagenesis to introduce a cysteine residue. Site directed mutageneis is a known
technique in the art (see for example WO00/01712). Specifically, a cysteine residue may
be introduced into the protein by insertion of the codon UGU into a nucleic acid sequence
encoding the protein. Preferably the insertion of the codon for cysteine occurs at a pre-
determined position within the nucleic acid sequence encoding the protein, for example at
a location within that region of the nucleic acid sequence encoding the C-terminus (or
carboxyl end) of the protein. Thereafter the modified protein can be expressed, for

example in a cell expression system.
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auxot rophi ¢ net hi oni ne-deficient bacterial strain in
the presence of nethionine anal ogues, for exanple, Aha

wonodtdage3like net hod of the invention nmay i nvol veCcrieB2006/001274

nodi fication of the protein tosinclude an al kyne group
by the step of substituting one or nore amno acids in
]ﬁ@ T{@H@t e,srqfelwi’ tal uS@iTﬂipl’eupmfgm, igl gﬁ@mb tﬂmShol}ﬂmiall’gyl of amino acid

PSP Foinehap A Gt BonBit <o RER pHshanERRoTp At Biepns the same

ta8 pemedeUsia kﬂﬁ group by the step of substituting
gng I(BJtr enorg@gr%é%to acids in the protein with

azi dohonoal ani ne. Preferably the nmethod of the

ST B0, MDD s
Pridine wHeRIP theSHARSGH) Qﬁ:ﬂo?ﬁ! &k naenvyfi@e r s 9§s9ﬁt§i1f5‘r the same

in this text neans, in genefal ternmns, ural |
Comlnglndrapbﬁt}eomnﬂmnaxsladsﬁerme prdtein. aci d r esi dues
(generally greater than 10) joined together by peptide
bonds. Any am no acid conprised in the protein is

F’Irh%fﬁbt%ﬁi ﬁa?rbeaa "ﬁﬁbﬁ'ostﬁ%ﬁe Y% @%}'e?.@olg r‘fﬁn ap Strhfture having a

or L form In a preferred aspe

|foﬁdeqht foo I&Xarhpleptema@ nr qmt@ma@&%omfohhatidn (ThSI';l)rot@ﬁDmfay have one or
for exa Ie present, ne .or. nore cysteine, residues.

THEe Y lﬁegr?%%@(% 5@8 Ryt B srempla theyprpleisggy berp glycoprotein,
SpRNaL 5! QupliDBiof PR RERLFRE phER (PR koK AT
i ncl ude one or nore cysteine residues. A thi oI

ro may be introduced into the roteln
%ﬁ%t“ﬁ%g) thﬁﬁ%qt?lp&amipsﬁ%&et‘tfﬁ‘él 1 #1de} 4GP0 angipo é&lémfpéexa@ple between
i10LhEEH6 d i@ s@hoiég)ejc\%eﬁ 1t0ha§1d‘°206%r %Q@&e@n‘% aﬁd 100 amino acids.
am no acid or to Introduce on cyste
Thes thegsoteidl they cuahprice Ibytv@eethth QOM(};IH)O nK}iOPZ@U & DOMEYino acids.
be prepared via sitedirected
In a preferred aspect of the invention the protein has a molecular weight greater than

10kDa. The protein may have a molecular weight of at least 20kDa or at least 60kDa, for
example between 10 and 100kDa.

The protein may belong to the group of fibrous proteins or globular proteins. Preferably,

the protein is a globular protein.

Preferably the protein is a biologically active protein. For example, the protein may be
selected from the group comsisting of glycoproteins, serum albumins and other blood

proteins, hormones, enzymes, receptors, antibodies, interleukins and interferons.

Bxamples of proteins may include growth factors, differentiation factors, cytokines e.g.
interleukins, (eg. IL-1, IL-2, IL-3, IL-4. IL-5, IL-6, IL-7. IL-8, IL-9, IL-10, IL-11. IL.-12,
IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20 or IL-21, either [alpha] or [beta]),
interferons (eg. IFN-[alpha], IFN-[beta] and IFN-[gamma]), tumour necrosis factor (TNF),
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nmut agenesi s to introduce a cysteine residue. Site
directed nutageneis is a known technique in the art

wO2em/10e348 exanpl e WO00/ 01712). Specifically, aPCysiBi0s®01274

residue may be introduced intodhe protein by
insertion of the codon UGU into a nucleic acid
sEirbgrommaninduéing fader @E8T)ebone Mogflmgalnt irbein (BMP); chemokines,

inser.ti.on of e codon for cysteine occurs at a pre

B R sl SR R o o R g e uance

encodi ng the protein, for exanple at a location within

that region of the nucleic acid sequence encodi ng the

Chnt aeprefamed agpact ofitheonydntien the mbteirhis adrontens . Preferably the hormone is

Thereafter @Pe nodi fied protein can be expressed, for

e PROTGHR (EPL| | expressi on system The term "protein”

as used herein neans, in general terns, a plurality of

am no acid residues joined together by peptide bonds.

| Thé protese chddifiet inshthegeethdd/ ofithd imemtisn bheefRfilly ratains inherent protein
ti.de and pol ypeptide. The term "protein" is also

Pﬁ‘?‘%‘ﬁ ¥WYYi ncl ude fragnents, anal ogues and

derivatives of a protein wherein the fragnent,

anal ogue or derivative retains essentially the sane

bInok digyitheea | prefetred iaspecobf fheniavémivnathe droteineis @nCshzyme. Preferably the

protein, The protein nmay _be a |linear structure b

IS
pFEpRiEals lucosyrerpmidase “(Or glneqogrebrasidaselg (Caerﬁwj% fagr Sulfolobus
SRRl Rul GhblbAloYsiffseqyasgnary, conformation. The

proteln nmay ve one of nore prosthetic groups
conjugated to it, for exanple the protein may be a

gjﬁ%ecopr otein, lipoprotein or chromoprotein. Preferably
t hee Prestrditpvention 1 Bibeekassd ondhe sitpredecsive mtyodugidon of a tag, such as

P4P Elﬁjlyﬁb, GO rd.rﬁﬁi?b Qg():il]lg,eg‘lg%h% s%.‘éj cﬂa%) gg %Héﬁi%ﬁoa éclélg St afp%determined

exanprl e bet wee am no acl

betevweithin e amiho?d e¢qusateeeprblein (b diShssdi Hagei@dfeis) followed by
Thus the protein may conprise between 10 and 20, 50,
1%8squeniing andopythegomoelypgsylatign irepstions that are selective for each respective

tag. In this way, differential multi-site chemical protein glycosylation is achieved.

Thus in a second aspect 6f the invention there is provided a method for glycosylating a
protein wherein the method comprises the steps of
1) modifying a protein- according to the method of the first aspect of the
invention; and
ii) reacting the modified protein in (i) with
(a) a carbohydrate moiety modified to include an azide group; and/or
(b)  acarbohydrate moiety modified to include an alkyne group

in the presence of a Cu(l) catalyst.

As used herein “glycosylation” refers to the general process of addition of a glycosyl unit

to another moiety via a covalent linkage.

Typically, where the protein is modified in step (i) to include an alkyne group, the reaction

in step (i) is with the carbohydrate moiety in (a). Moreover, where the protein is
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In a preferred aspect of the invention the protein has
a nol ecul ar wei ght greater than 1CkDa. The protein may

woavw/1a63ael ecul ar wei ght of at | east 20kDa or BCTIGB268(16/001274

6CkDa5 for exanple between 10 gnd 10CkDa. The protein
.pelang to the group of fibrous proteins or L
dnfq%%ﬁ?éarm gﬁt%’t é‘b s, glﬁr‘lég Mapfide SFNe, fhotedction dngstep (ii) is with the
i-nmPreferably the protein is a _
giiag{b%g({ﬁ%%eﬁlflggg)cl?i(bé protein. For exanple, the protein

may be selected fromthe group consisting of

t.ei ...serum al bum ns and ot her bl ood .
%r%ft%%% gtheelr]g]l% Hon dp Aherpsoteine(stgpt Dr additiomallp edimpsises the step of

' : [ [ L I f proteins
R o B PERE B8P0 RIS il rah dpEertinple trough the
ayedtkinnes @sigineiradiénd. euki ns, (eg. IL-1, 1L-2, IL-3,

IL-4. IL-5 IL-6, IL-7. 1L-8, IL-9, IL-10, IL-11.
lL-12, IL-13, IL-14, IL-15, IL-16, G-17, IL-1 8,

] _ 21, eith | pha] . beta]), :
P lree SpR IR bl oot R PRRGR APod of tvcosytating a
IpFdteingthenmdiod ¢omprisingdek@ps 6 f act or (TNF), | FN- [ ganma]

i nducing factor (1G F), bone norphogenetic protein _
( BMP) ;1) chef®dki néodifyingyhprotaimtatioelvde ay alisjamd/or an azide group; and

tors; 4fyee-rradical_ .scavengi nzynmes. In a. .
LFZ? gr red zg;s)pecib e%)?ét eafféﬁgléenff?)gﬁ%laﬁ%n P 6§%|Pﬁ°_tf’1§_ ig (a), optionally
hor none. medﬁffyﬁ@a/plbfb@nfb%ﬂg@@athjﬁ £6Y Iy poi etin

(Epo) .. The protein nodified b y the method of the
i nventl on BeneRiidi maston of dheproteinemedifiedr it 6) with a carbohydrate

. i ¢
R R s A E T e -
eaboinglyytav@eenti(@p GA | uuccoossyyl | cceerraanmi i ddaassee

(DD--gl ucocerebrosi dase) (Cerezynme (tm _) or _
Sul f ol obus(&ol f atcgthobydratsemaiety yodificdaoeintIS® @) .azide group and/or

a carbohydrate moiety modified to include an alkyne group; and

(d) a thiol-selective carbohydrate reagent.

Steps (i) (a) and (b) are as described herein. Where the protein to be modified contains a
cysteine residue, modification of the protein to include a thiol group may not be
necessary. Alternatively, it may be desirable to include one or more thiol groups in

addition to those already present in the protein.

The thiol-selective carbohydrate reagent may include any reagent which reacts with a thiol
group in a protein to introduce a glycosyl residue linked to the protein via a disulfide
bond. The thiol-selective carbohydrate reagent may include, but is not limited to,
glycoalkanethiosulfonate reagent, for example glycomethanethiosulfonate reagent
(glyco-MTS) (see WOO00/01712 the content of which is incorporated in full herein),
glycoselenylsulfide reagents (see W0O2005/000862 the content of which is incorporated
herein in their entirety) and the glycothiosulfonate reagents (see W02005/000862 the
content of which is incorporated herein in their entirety). Glycomethanethiosulfonate

reagents are of the formula CH;-SO,-S-carbohydrate moiety.
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The present invention i s further based on the site
sel ective introduction of a tag, such as an al kyne,

weazbwaoeasst hi ol group, into the side chain of BOTAAB2005/001274

acid at a predetermned site wgthin the amno acid
sequence of a protein (as discussed hereinbefore)
foll owed by sequenti aI and orthogonal, glycosylation

act t are s ctlve for ective ta
R 80 Ruptitnets o i Sagosrian PGS e SRBEE e Bty o he
IboitreRY at OWG2908000E%E YinchiiSarkd R8I 2BBRED. Of Specificall
the invention ther eml) d(rngvﬁj% < %Sﬁod&%gr ) Specifically
gilyeslphdsiliide el magents mejf elnmfotrﬂnelarmShﬁebarb@hmria&eﬁoiety wherein

f‘gt%ﬁstﬁ IR 18@'@)@%33%1 gfe‘flfeﬁr@ 1 h ailghRbany oﬁ%fivi qr Bglathyl group.
@@E&thfb@ultf&ﬁté%g%éﬂ@ greg(fﬂﬁg ey, RL9-x¢ a&ﬂbﬂyﬁ:}a’cé’aglmety wherein X is

carbohydrat e noi fied to Include an-azi

SOugp1d Rnid/an rop(1b1)a11y abstinteddihatd, ppidt yor magihf] gebubo Such reagents
|ncIHde an al kyne group in the presence of

JaPYy dor sife-selqsling afiashment of thrceralohydrats to thfRiP’{?H% pia a disulphide

thgggeneral process of addition of a glycosyl unit to

another noi ety via a coval ent |inkage. Typically,
mhere the protein is nodified in step (i) to include

ne group the reaction_in step (ii) is with the
%&% it carbahwirgtes o (g mogifiedoinsiudeenesagqharides, disaccharides,

: %9&%&@”&%&@%&1@5 %il?@sag(%})anégs !a.tﬂf: E#‘%Ie lpﬁgfsgc%hg‘?des and include

action In
cmwbmb«ﬁryame ity ywhieh (i8) preddnefie rrfahirylbt decurring glycoproteins or in

rmdlflcatlontothe%frotein stei) addi tionally
uapeicakbystems. dpelpdesk arggdiopyl 9g alsesige dewvatives f@ewamlﬁ glucosyl,

ﬁ{é@dsﬂle, galh&gg;}}ij %? galau&l(a c@ﬁ%‘lchesf Qﬁly&?@%&e glyc s?(!.ljeggroups include

both o and [3 groups. Suitable carbohydrate moieties include glucose, galactose, fucose,
GlcNAc, GalNAg, sialic acid, and mannose, and polysaccharides comprising at least one

glucose, galactose, fucose, GIcNAc, GalNAc, sialic acid, and/or mannose residue.

Carbohydrate moieties may include Glc(Ac)sf-, Gle(Bn)sB-, Gal(Ac)sB-, Gal(Bn)sB-,
Gle(Ac)sou(1,4)Gle(Ac)za(1,4)Gle(Ac)sB-, B-Gle, B-Gal, o-Man, «a-Man(Ac),
Man(1,6)Manc-, Man(1-6)Man(1-3)Manc-, (Ac)sMan(1-6)(Ac)sMan(1-3)(AC);Manor,
-Bt-B-Gal,-Et-B-Gle, Et-a-Gle, -Et-o-Man, -Et-Lac, -B-Glc(Ac),, -B-Glc(Ac)s,
-Bt-a-Glc(Ac),, -Et-a-Glc(Ac)s, -Et-a-Glc(Ac)s, -Et-B-Glc(Ac),, -Et-B-Gle(Ac)s,
-Et-B-Glc(Ac)s, -Et-o-Man(Ac)s, -Et-a-Man(Ac)s, -Et-B-Gal(Ac)s, -Et-B-Gal(Ac)s,
-Et-Lac(Ac)s, -Et-Lac(Ac)s, ~Et-Lac(Ac)7, and their deprotected equivalents.

Any saccharide units making up the carbohydrate moiety which are derived from naturally
occurring sugars will each be in the naturally occurring enantiomeric form, which may be
either the D-form (e.g. D-glucose or D-galactose), or the L-form (e.g. L-thamnose or

L-fucose). Any anomeric linkages may be o~ or B- linkages.
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insertion of a cysteine residue. In a preferred aspect
of the invention there is provided a nethod of

wqahywaeyd4at i ng a protein, the nethod conpri si ngCT/GB2006/001274

steps of i) (a) nodifying a pretein to include an
al kyne and/or an azide group; and (b) before or after
tIhedngwaiboizeant oh thegnvansiops erledhydiates(thyt happ bearmbdified to include an

nmodi fying a protein.to include a thiol group ; and ii)
NS DEEMISHIET ¢ he prot ein modified in (1)
with a carbohydrate noiety (c) in the presence of a Cu
(I') catalyst before or after reaction with a

tIhiook-esdlodimnany of theribvoingidn ataebahydigtastthqtdiavé byenamodified to include an
car bohydr at e iety nodified to include an azide group
aaﬂlay/ngrg\f%upc%{pa% @585 ety nodi fied to include an

al kyne group; and (d) a thiol-selective carbohydrate

reagent. Steps (i) (a) and (b) are as described
Hyetsrably e nade adfor allgne-niwlifiel patbliydeate cooittdsn. g glycosyl azide

Fﬁ%gﬁgﬁg{}’f %iyggse}@?)g%g h{:,r;ﬁl% | ohaoglfoﬁ%%gg %&;pe I1Q agrg unprotected. The
AldpestBatd l&ﬁh& and/br Qﬁyn%glo@%kl rc@:@oﬁx&rgtei A6ieHLEQ ?e %é?@tared by the

nore thiol groups In"addition to those already e

iaddithoa qirtb¢ edide oifalynchgrolip sreh prtidoiel agabofwyithbid @otecting groups for

rea may i.ncl ude any reagent which reacts wth a )

t%‘/g—?ﬂﬁ 8615%5 it iﬂﬂ&%é%wft Blotehy ingditfecacgtatn (Adslgnzyl (Bn), silyl (for

raigye thiBE8Y dithetifsi o iPMYh2 afld HetUuitiid hQ@ll'sq ] (TMDPS;i

The thi ol -sefl%)gctli veﬂigsé%o y&?l\é[tg reaggnt un%lyl%l ncl ulge,( S1),

gttalss ketals, dridnmethdxyroethgll (WD) KBicprbicosng Exanptiethen removed before
I th t hi osul f onat e reagent

ro(%aa %?ta’ctacfh%{ente)c(éi rﬁPel (?artgoh%r(ciroatcreemo?er’g}? to Iﬂge protein. In this W%y, the reaction

defined in step (ii) is carried out with an unprotected glycoside.

In a preferred aspect of the invention the Cu(l) catalyst is CuBr or Cul. Preferably the
catalyst is CuBr. The Cu(l) catalyst may be provided by the use of a Cu(Il) salt (e.g.
Cu(I)SO;) in the reaction which is reduced to Cu(l) by the addition of a reducing agent
(e.g. ascorbate, hydroxylamine, sodium sulfite or elemental copper) in situ in the reaction
mixture. Preferably the Cu(l) catalyst is provided by the direct addition of Cu()Br to the
reaction. Preferably the Cu()Br is provided at high purity, for example at least 99%
purity such as 99.999%. Preferably still the Cu(l)catalyst (e.g.Cu(D)Br) is provided in a
solvent in the presence of a stabilising ligand e.g.a nitrogen base. The ligand stabilizes
Cu()) in the reaction mixture; in its absence oxidation to Cu(I) occurs rapidly. Preferably
the ligand is tristriazolyl amine ligand (Wormald and Dwek, Structure, 7, R155-R160
(1999)). The solvent for the catalyst may have a pH of 7.2-8.2. The solvent may be a
water miscible organic solvent (e.g tert-BuOH) or an aqueous buffer such as phosphate

buffer. Preferably the solvent is acetonitrile.

The reaction in step (ii) is a [3+2] cycloaddition reaction between an alkyne group (on the

protein and/or the glycoside) and an azide group (on the protein and/or glycoside) to
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15

(gl yco-MIS) (see WO00/ 01712 the content of which is
incorporated in full herein), glycosel enylsulfide

woeapantds (see WO2005/ 000862 t he content of whPCIVGBR006/001274

incorporated herein in their eqdirety) and the
gl ycot hi osul fonate reagents (see WO2005/ 000862 the
cashetetet subptiteidch2 Birinpaden Ghrigsend Prasy €ibami $oth3d#369 (1961)) which
enti.ret corret hanet hi.osul f onat e reagents are of
RYE) fi p ST B R el moi ety. The
gl ycot hi osul fonate and gl ycosel enyl sul fide (SeS)
reagents are generally of the formula | in
ottt 0ee6ot tbe frosnpor progifleby pratiameodifedby tiemhethod of the first or
%%e0|f|cakly %éxco el enyl sul fide (SeS) reagents are of
ond AeRHt 9t d'bohydrate noiety wherein X is Se
and Ris an optionally substituted d-10 al kyl,
phenyl, pyridyl or napthyl group. C]ycothiosulfonate
r4s iyt sspacteofdhe inventiorprovidesR: Bo¥6in af fomimythr(Bt EDnavi(E)y
wherein X is SO2 and Ris an optionally substituted
phenyl , pyridyl or napthyl group. Such reagents
provi de for site-selective attachnent of the
carbohydrate to the protein via a disul phide bond.
Pr ef ef abl arpbohydrates to be nodified include
nonosacchaei des, dji saccharides, trisacchari des,
arj des oIigosaccharides and ot her
s. and include any carbohydrate noiety
in naturally occurring glycoproteins
or~y_n biological systens. Included are glycosyl or
gl ycostdederi vativdl, for exanple gntosyl, glucoside,
gal act osyl or galact05|de derivatives. dycosyl and
gl ycosi de groups include both a and b groups. Suitable
carbohydrate noieties include glucose, gal actose,
fucose, G cNAc, Gl NAc, sialic acid, and nmannose, and
pol ysacchari des conprising at |east one gl ucose,
gal actrose, fucose, G c, GalNAc, sialic acid, and/or

mannose resi due.
- N=—N—/N

(I
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Car bohydrate noieties may i nclude d c(Ac)4b-,
Adc(Bn)4P-, @Gl (Ac)4b-, Gl (Bn)4b-, dc(Ac)4da(l,

wap@ecpésay 3a(l ,4) d c(Ac) 4b-, b-dc, b-Gl, -MAT/GB2006/001274

a- Man(Ac) 4, Man(l, 6) Mano!-, Ma QI-6)Nhn(I-3)Nhno -

(Ac) 4Man( | - 6) (Ac) 4l\/an(l-3)(AC) 2Man -5 -Et-b-Gal, "Et-

b-dc, Et-a-Ac, -Et-a-Man, -Et-Lac, -b-dc(Ac) 2,

- b- GIC(AC)3 -Et-a- GIC(AC)Z -Et-a- GIC(AC) 3,

- Weherbin- S P\anedntep & Hetvided (0485 (e % t0; Ib; £33 4AR)53; p and q are integers
-Et-b-d c(Ac) 4, t-cc- Man( Ac) 3, t-oc- Man( Ac) 4,

-rtwpenGhafdat fe. 8, 1 253, 4perca) e(ndoylzprem e pratims)as | defined herein.
-Et-Lac(Ac)6, -Et-Lac(Ac) 7, and their deprotected
equi val ents. Any saccharide units making up the

CAIR9 MidR&t fpoRi Tt the Wi ffioA RowBES ¥ WlydobFARfed 3frbteR Ibdified by the
occurring sugars wi Il each be in the naturally

oweilod ioh theesneomdi aspest € thednventioni ch may be either the
D-form(e.g. D glucose or D-gal actose), or the L-form

(e.g. L-rhammose or L-fucose). Any anoneric |inkages

MRiYe ﬁ’@'el?ﬁon%rtﬁer prolHEALSlybdsyRRRL ﬁ@ff@ﬁpdmﬂﬁulggw)h e
i nvention, carbohydrates that have been nodi dto

i nclude an azide group are glycosyl azides. In one
enbodi nent of the invention, carbohydrates that have
been nodified to include an al kyne group are al kynyl
egCOS|des Preferably the azido and/ or

|ed car bopyd+at-e-noi eties (¢

"be prepared |by the addition of the azide or al ky e

group to a protected sugar. Suitable protecting—groups

for any -OH groups in the carbohydrate noiety include

acetate (Ac), benzyl (Bn), silyl (for exanple (V)
tert-butyl dinethylsilyl (TBDMSi) and

tert-butyl di phenylsilyl (TMDPSi)),

wherein t is an integer between 1 and 5 (e.g. 1, 2, 3, 4 or 5); and the spacer, which may be

absent, is an aliphatic moiety having from 1 to 8 C atoms.

In a preferred aspect of the invention the spacer is a substituted or unsubstituted C1-6

alkyl group. Preferably the spacer is absent, methyl or ethyl.

In a further preferred aspect of the invention the spacer is a heteroalkyl wherein the
heteroatom is O, N or S and the alkyl is methyl or ethyl. Preferably the heteroalkyl group
is of formula CHy(X) y wherein X is O, N or S and Y is 0 or 1. Typically the heteroatom is
directly linked to the carbohydrate moiety.

A substituent is halogen or a moiety having from 1 to 30 plural valent atoms selected from
C, N, O, S and Si as well as monovalent atoms selected from H and halo. In one class of
compounds, the substituent, if present, is for example selected from halogen and moieties

having 1, 2, 3, 4 or 5 plural valent atoms as well as monovalent atoms selected from
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acetal s, ketals, and nethoxynethyl (MOM). The
protecting group is then renoved before or after

watbm@clemEnt of the carbohydrate noiety to the PCOGHE2M06/001274

In this way, the reaction defiped in step (ii) is
carried out wwth an unprotected glycoside. In a
prefegenedd dslogen. Tfe nliwel valewratéronmalideCiof kxampleadejsted from C, N,

rably the catalyst is CuBr. The
cﬁ(%}n@ét%g%ﬂ“ 91“{) - provided by the use of a Cu(E)
salt (e.g. CYI1)SO 4) in the reaction which is

reduced to Cu(l) by the addition of a reducing agent
(Bhgterma Seubstite]” dsysedoerbiarn nefprepcrliolnmsietyf ot groop means that one or

ef e rg/tg%}gyn ngng?( *n? reiélg%cg]lvlg 21@&1?& %qu%liygﬂ 221?;)(3: ﬂftet%é hydrogen atoms
?dﬁé %%}ﬁ)ﬁ%?&é&ﬂd&f@%é&%tﬁ& gkfiﬁe E&%s&ab]?or E{lﬁlfb@'{ épg%é described

I'S provi purity, xanpl e
| sibstitu@886 purity such as 99.999% Preferably still the
Cu(l)catalyst (e.g.Cu(l)Br) is provided in a solvent
in the presence of a stabilising ligand e.g.a nitrogen

kﬁ"%ﬁll C;Eh:%ufsb MO%I’S?JHdl chrtes%l %ér)ts {nré oggﬁ?t_ﬁ%ﬁl%%hQQ/here they are che-

xure Inits absence oxl atlon

rmmaﬂjf yossitrlef the pbisyn t;]mﬂecﬂ lirg &echart Beihg laBIb rto aléakly (eithigt BEperimentally
8gnd (Wormal d and Structure, 55- R160

gar?ﬁc&ﬂw)swgawéﬁeppﬁ@ﬂm@% effeth wheihst a @avlcmv gubstipitiopfis possible.
(ﬁ' é?‘(al%p T*Aﬁm%& Blv ﬁ%ﬁeﬁ ﬁs itk & lﬂﬁﬁr%eh?rggy BE %ﬁ&hﬁle if bound to

vent or ~an aqueous r~ suc

pmim:mhatbms betTﬁ msatﬁﬂeﬂe@e@oldeﬂrﬂ@ 5oy, eAtldlltﬁnally, it will of course be
acetonitrile. The reaction in step (ii) is a +

Spdersinnd; thrbihersuhsitians Besciibech haigmamry Heeasehiep b@@%ﬂbfﬁtﬁéted by any
p%%t?théh@@%ﬁ& 541 Ghdd la¥o%91§é1%?c§n ?q%stﬁ@u tge l}%ﬁ%ﬁl{%‘ce{ g\gastltutlons as

rotei n-and cosl 0] ener

]rﬁé’og‘insteﬂlbgzlﬁﬂﬁﬁlle(d-lnmgsen Proc. Chem Soc. 357-369
(1961)) which provide a Iink between the protein and
the sugar(s). A further aspect of the invention

ggrlﬁ)\éﬁﬁ?e% aﬁkﬁrﬁﬁf{h@re@g ibfe,i 1%9 eQme)fg,e aﬂ@lt J&qgstocfeﬁ}lgf nfla{yrbset substituted
with one or more of substituents, the substituents being the same or different and selected
from hydroxy, etherified hydroxyl, halogen (e.g. fluorine), hydroxyalkyl (e.g. 2-hy-
droxyethyl), haloalkyl (e.g. trifluoromethyl or 2,2,2-trifluoroethyl), amino, substituted
amino (e.g. N-alkyllamino, N,N-dialkylamino or N-alkanoylamino), alkoxycarbonyl,
phenylalkoxycarbonyl, —amidino, guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, acyl, acyloxy such as esterified carboxy for example,

carboxy, sulfo, sulfamoyl, carbamoyl, cyano, azo, nitro and the like.

In a preferred aspect of the invention, the glycosylated protein is of formula (V)

\ Carbohydrate
@ p 1 ,2'3-trla20le q
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second aspect of the invention. A further aspect of
the invention provides a protein of formula (1), (H)

wonrodel1@34¢1 1 1 ) wherein a and b are integers bet Re®IGBR006/001274

and 5 (e.g. 0, 1, 2, 3, 4 or 53 p and q are integers .
between 1 and 5 (e.g. 1, 2, 3, 4 or 5); and wherein

the protein is as defined herein. A yet further aspect

of the invention provides a glycosylated protein

oteticdin g iy gt dve imtegdre debfeen Heab 8 dag. &spet 3o# arify; t is an integer

i,nyention.. The inyention.further .provides a .
B B gt G 4o DT HR YR TP Geeghohsgegmoety are
3R dehh &0, eihetween 1 and 5 (e.g. 1, 2, 3, 4 or 5); and
the spacer, which maybe absent, is an aliphatic noiety
having from1 to 8 C atons. i a preferred aspect of
the invention the spacer .is a substitute r . .
(BRETL 9F B cesPOBYGRRR oig gty D %lfeértaﬁﬁ%/ T2na-jgaelg at position 1
[ t ol ur rnpr, :
S B Y B ot R D BN protein of the
vilresngion nidyebehdtfemods Ovid)ios(MBN or S and the al kyl is
nmet hyl or ethyl. Preferably the heteroal kyl group is
of formula CH2(X) y wherein Xis O Nor Sand Yis O
or 1. Typically the heteroatomis directly linked to
at bghydy-atg noi ubstituent is halogen or a
[ lural val ent atons
3 N , VINq Si as well as nonoval ent
at oms—Seljected fromH and lo. I'n one class of
conpounds; the substituent,-if present, is for exanple
sel ected from hal ogen and noieties having 1, 2, 3, 4
or 5 plural valent atonms as wel(Wlas nonoval ent atons
sel ected fronmhydrogen and hal ogen. The plural val ent
atons may be, for exanple, selected fromC, N

I}l —N
Carbohydrate
Nx Moiety
P q
t

(Vi)

wherein the protein, carbohydrate moiety p, q and t are as defined herein.

Preferably p is 2.

Preferably q is O.

The invention further provides a glycosylated protein of formula (VIII)

Carbohydrate .
Vs @ 58 @ @ 1,23 4riazole @ Corbchyeiete

“ YV
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O S and B, e.g. CG5N, S and O The term "substituted"
as used herein in reference to a noiety or group neans

woOheie/106888 or nore hydrogen atons in the respecPCYA&B2006/001274

moi ety, especially 1, 2 or 3 ofsthe hydrogen atons are
repl aced i ndependently of each other by the
corresponding number of the described substituents. It

of . cour s e und rsto t hat, s uenpts are

Shispeingt 5ot Totcpne Bomite T A S S Eiencat 31 B8 Sy and ¢ ave as
LREnBERSRM Al Wh&Lin W EIQF-‘Z akd cHBSIREArAL hididtRs #84 IS be the same or
(either experinmentally or theoretically) wthout
iditfepentopri ate effort whether a particular substitution
IS possible. For exanple, amno or hydroxy groups wth
free hydrogen may be unstable if bound to carbon atons

ds. Additionally,
thﬁn%ﬁﬁﬁk%gghgggéﬁg 1%%5%?% at the substituents
descri bed herein may thenselves be substituted by any
substituent, subject to the aforenentioned restriction

approprlate substitutions as recogni sed by the

' C y therefore, be 0

3 §n?y3htnazole h (t}a%gﬁ\cgate
and sel ect ed fro* Nydro

et erlfled hydr oxyl e.g. fluorine), t
hydr oxyal kyl (e.g. 2-hydroxyethyl), haloal kyl (e.g. .
trifluoronethyl or 2,2,2-trifluoroethyl), am no,
substituted amno (e.g. Nal kyllam no,
N, N-di al kyl ami no or N-al kano Ianlno) al koxycar bonyl ,
(Hesigin Aha pagera pb eint and am&zﬁsw{ﬁ fingd) hevedn; fpd wherein r and s are integers
Y LR I sot hi our ei do, ureido,
rrwéa?&éggét(g%rg %[‘C’p%ac’yfgky gjch as esterified carboxy for
exanpl e,

(IX)

Preferably still the glycosylated protein is of formula (X) or (XI)

/N
Carbohydrate : S [1] Carbohydrate
Moiety Z N o | Moiety W

X)
ITI___ N
Carbohydrate Carbohydrate
u t
(XI)

wherein the protein, spacer, carbohydrate moieties, p, q, 1, s, t and u are as defined herein.
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car boxy, sulfo, sulfanoyl, carbanoyl, cyano, azo,
nitro and the like. In a preferred aspect of the

wOonvenneas, the glycosylated protein is of forROTA&GB2M6/001274

(M)wherein p and g are integerg between 0 and 5 (e.qg.
1, 2, 3, 4 or 5);, t is an integer between 1 and 5 _
?Fgl_egg_lyOP,sylgt,ed protgg of e praseat Wyepdemtypirelly reeiai thein irherent function

et ned her.ein. The.protein.
o%?&:&grgéﬂg ??cgt«%ﬁgg‘lra tc%m%?%%% algn%}blggeﬁngﬁtklg Aﬂ?céloph fXamiple increased
Inzymé acviey delpisi foi R dn-elycdsydited MAWMEN FIRFANE Alycosylation as
(V) _ and (VH below. Thus the glycosylated protein of -
{dgEeribad distein n The ehwosylated prefeias OFithe orvetiod may| aso( ot additional

i i boh i , t .
SRSEELLDE BLRHE O STROPH G665 TR Brdh S lepmpte e
ibindDhg TipRblliny eTHusORe flsthHtE bf Iﬂ[ﬁﬂ;ﬁﬁ&ﬁ ifveative 98 MG PH manipulating

protein of formula (VII1) (VIl)wherein ui s an o
PrRteigefmpiéiqnyiane @ Wadudp additional, Bon-thherent)protefre functionality

: e ' wh in Wand .
PG oe Rty R Bl B AR R s Sl aylotis.

ddiiffffeerreenntt.. Preferably the glycosylated
prrotein i s of formula (DC) wherein the spacer, p, q '
The ghiegsylated projeingief theduvinbioninmy eebefithén iedicineafist example in the

i . .(e.g. 0. 1,2 ., 3, 4 or .
@iegtrﬂe% Slggf'e%ent%%tn 0 anmgea%é] gr glnglce:algcongltlbn.l 'Thus the invention provides a
pharmaceutical composition comprising a glycosylated protein according to the invention
in combination with a pharmaceutically acceptable carrier or diluent. The proteins of the

invention may be useful in, for example, the treatment of anaemia or Gaucher’s disease.

Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other

moieties, additives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses the
plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as

singularity, unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein

unless incompatible therewith.

The invention will now be described with reference to the following non-limiting

Examples.



Preferably still the glycosylated protein is of
formula (X) or (XI) (X) (XI) wherein the protein,

wepewane34gar bohydrate noieties, p, q, r s , PCRGB2006/001274

are as defined herein. The glycgsyl ated proteins of the
present invention typically retain their inherent
fEB&HWEbESnd certain proteins may denonstrate an

for exanpl e increased enzyne

function,
zi%hg’ct? +§tM\‘>‘?§eBesEq1e un- gl ycosyl at ed enzyms)
f ol J.0W -
o e Sf %*ﬁ%?%%ﬁ?‘%iﬁ SpRBIcERAR SoIRP o Bl Mg the QuilChange
additi SivarBlirebted Midtegoneis &litedomrhéroidilp gva&bw)ﬁbmtStﬁsagMé featalog no.
ot her different proteins, for exanple |lectin binding

céPabil i Ripsmith p& T2Re prEbiR SSBGt @%Se@@ﬁtusedvéma éﬁnplate The
c%rr%%pcqnaéig oy él.’g?l?lg yl atelrsng/epe netriglpg% tf unCt ic??: Yo 2 tnpesf%lues by Ile

., hon-1i
fand i dre Bdtdrh ey St 6dizcADyIBi S &IGEnBER Al RlvePé £bdfoﬂews
capabilities with other different proteins e.g.

| ectins. 10 The gl ycosyl ated proteins of the invention

Table®y be useful in medici ne, for exanple in the

el R b0 LA i

oot t1

M21IP]

o ottﬁﬁmﬁiﬁﬁwr%%ﬁ%%ﬁ%ﬁ ot

harmaceutically acceptable carrier or diluent. The

M43I pr ot @T”ﬁACH’fAAT@CCﬁ@@ﬁ@%TGﬁ'yFTEéJT%A’ECAJTﬁiAAGC

exanple, the treatnent of anaem a or Gaucher' s

M731di Se@AETTAGTAT AGATAUIT T ABSCTARI AT RREGCATTR CBTGAAATGTC

thijs specification, the words "conprise" and "contain"

M148§2 fﬁGAﬂG'?RRI@Gé@MWA%%%@%FW@E%FW@?QM@ICCTC

nmeans

es not)—exclude other

VT R IV ATV Yo e U e e (DN LI TR INCTT i (S TNl

M236I | GAGCTTGAATGATGTTATATATCGCCCTACGGGAAAG

M2751 | CCATCTCTACCGCTTCTATATCTTTATCCGTTAACGG

M280I | CATCTATTATCATTTTCAGCGATCTCTACCGCTTCTATATC

M3831 | CAATACCATTTTCAGTAACGTAGATATAGAGATGATATCTATTCCAG

M4391 | CCTTTAACAGACCAAACCTTATAGAGAATCCTGAAGCCC

15

In this way mutants with a desired number (between 1 and 10) of Met residues could be
introduced. Further mutations were introduced by single site-directed mutagenesis using

sets of complementary forward and reverse mutagenic primers:

Table S2

Mutation | Sequence of primer (all mutagenic primers are 5’ phosphorylated)

1439C forward:
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noi eti es, additives, conponents, integers or steps. 20
Thr oughout the description and clains of this

wepeiheaat i on, the singular enconpasses the pPATAIB2006/001274

unl ess the context otherw se reguires. In particular,
where the indefinite article is used, the

speci f i cpGAN GEGLT TEHA GG4aT S I GCAGHTTAIGGEACTOT TAAAGGTC
plurality as well as singularity, unless the context
requires| giybgew se. 25 Features, integers,

characteristics, conpounds, chem cal noieties or

orouns CEERORRLARCAAURENRT ML AR T qoceaTre

be—uyhrderstood-to-be apnl icableto any ot her acnar‘f’
enbodi nent or exanpl e described herein unless
| ncorrpatl ble therewith, '30 The invention will now b

srRpodingmpignielsis covldibexpissiedisag thoprotoael wthged below.
Exanples EXAMPLES Multi Site-directed Mitagenesis: A
nunber of nutants of the b-gal actosi dase SsbG were

CProadif dxpedssign twicth m&ﬁhanIMipdraﬁbhe Directed
I\/Ut agenesis Kit comrercially avallable from Stratagene
[legerarggonof smzmmp'l glvriag pilpg) ety kunedliniae G8RAY into proteins

%’4%3%?%}(%%%?%?@51 ﬂ'gﬁrgglg%t é)agt?golﬁ (r)}élé) ?§%§%§ n&ltl.%re I% tEschenchla
r il BREAS(DBB)) pEIBﬂCSsBGI’@SMSSﬁe@@r@Wﬂ ih@8iezgldr Biynensions medium (~16
Slll) gl?pp%enllqgngcgds v%?lg kve\tlrelerxﬁygr? (f58I Lg/vr\n’SL) and L-methionine (40 pg/mL). The
overnight culture was used to inoculate pre-warmed (37°C) culture medium (1.0 L, same
composition as above) and the cells were grown for 3 h (ODggo ~1.2). The medium shift
was performed by centrifugation (6,000 rpm, 10 min, 4°C), resuspension in methionine-
free medium (0.51) and transfer into pre-warmed (37°C) culture medium (1.0 L)
containing the unnatural amino acid (DL-Hpg at 80 pg/mL, I-Aha at 40 pg/mL). The
culture was shaken for 15 min at 29°C and then induced by addition of IPTG to 1.0 mM.
Protein expression was continued at 29°C for 12 h.

The culture was centrifuged (9,000 rpm, 15 min, 4°C) and the cell pellets frozen at -80°C.
The protein was purified by nickel affinity chromatography: The cell pellets were
transferred into binding buffer (50 ml) and cells were broken up by sonication (3*30 s,
60% amplitude) and the suspension was centrifuged (20,000 rpm, 20 min, 4°C). The
supernatant was filtered (0.8 pm) and the protein was purified on a nickel affinity column
eluting with an increasing concentration of imidazole. Elution was monitored by UV
absorbance at 280nm and fractions combined accordingly. The combined fractions were
dialyzed (MWCO 12-14kDa) at 22°C overnight against sodium phosphate buffer ( 50mM,
pH 6.5, 4.01). The protein solution was filtered (0.2 pm) and stored at 4°C.
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Table SI Mutation Sequence of prinmer (all nutagenic
prinmers are 5 phosphoryl ated) M1l

WO CH6a0aEssT GTTCCTATTTCTGATTGAAATCCGG VR 3I PCT/GB2006/001274

CTTACTAATCCCGCTGCTATGI TTTCTGGAICATGAACC M7 3|
CATTTAGICTAGCTATTTTTAATCCTATTTTTTGTGCATTATCGTGAAATGIC
ML48] TAGAGGTAATGGCCAATGATAGATGTTTAGTATAAAGTAAAGTCCTC
M204l CCAACAACGTTAGGTTCATTTATTGITGAGTACTCATCCAC M236l
CAGEF AL TSHERGIST ATATATCGCCCTACGGGAAAG MR 75|
CCATCTCTACCCCTTCTATATCTTTATCCGITAACGG M280I
CATCTATTATCATTTTCA NETCTACCGCTTCTATATC MB83lI
CAATACCATTTTCAGTAACGTAGATATAGAGATGATAFCTATTCCAG MA39I
CCTTTAACAGACCAAACCT TATAGAGAATECEGAA! In this way
mutants with a desigef er (bet @hd 10) of

Met residues could be inbroduced. Furth mut at i ons
were introduced by single site-directed nutagenesis
UsHomoszitls abhireons @metivkiaed viaod WRRdap bahBN@hSRt, diazotransfer, and
nmut ageni ¢ prinmers: 15 Tabl e S2 Mutation Sequence of
&prgfictl%ﬁqratm}t%gkmréoeém lisrafurgr.e 5'° phosphoryl at ed)

| 439C

f or war d: GAATGGGCTTCAGGATTCTCTTGCAGGT TTGGTCTGT TAAAGGTC
reverse: GACCTTTAACAGACCAAACCT GCAAGAG?KTCCT GAAGCCCATTC

o O

—_—

EtOMOEt —
NHAG CIHzN oH

o]
@

DL-Homopropargyl glycine was prepared from diethyl acetamidomalonate by homopropargyl

alkylation, hydrolysis, and decarboxylation as described previously 2.

1-azido-2-acetimido-2-deoxy B-D-glucopyranoside 1

OAc OH

AcO Q . HO Q
AcO — HO Na
AcHNCI

AcHN
1

N-Ac-glucosyl azide were synthesised from the corresponding acetyl protected glycosyl
chloride followed by Zemplén deacetylation®.

Chitobiosyl azide 2
OPMB o)
e L
AcO Ny + Ao Oy _cel —=-"% Oﬁ/r\l
AcHN NPht )y OCls AcHN HO 3

Chitobiosyl azide was prepared as described by Macmillan et al°.
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The correspondi ng nutant proteins could be expressed
using the protocol outlined below Protein expression

woi20ds/1Me48 anal ogue | ncor porati on: | ncorporati ORCDIGB2006/001274

hormopr opargyl glycine (Hpg) orq&zido honoal ani ne (Aha)
into proteins by protein expression using nedi um shift
pReanethahethioshtfonaterethyd)o-B-ghtcopgrafosidecher i chi a col |
B834 (DE3), pET28d SsbG C344S was grown in nol ecul ar
di mensi ons nedi um_0Acl6 h) suppl enent wi t h kanamycin
(50 ng/ n) andcobséaglhi oni ne (40 . The over ni ght
culture was us N noculate pr et d (37C) culture
medium (1.0 L, sane ®ompgsition as aone}/\@&ng,tlsh?
cells were grown for 3 h (OD6Q0 -1.2). The nedi um
shift was pe ried by centrifugation (6,000 rpm 10 .
rﬁf-ﬁflu%yr,angsai ﬁ%ﬁ%@ﬁ 45 RFERAFD AP M KhEt iffnviaopIstepting group
f ' - : : ei um (1.0

e e o Bl e PR koA bR RES' S 80
ng/ m., L-Aha at 40 ng/nmL). The culture was shaken for
15 mn at 290C and then induced by addition of IPTGto
1Zr7da-ethyDrosDnmanpopsaanesideds conti nued at 29C for 12
h. The culture was centrifuged (9,000 rpm 15 min, 40
and the cell pel*ets?¥rozen at -808°—TRAE protein was
purified by ni kg L.BAd y—ehE omiifg hy: The cell
pellets were transferred into binding byffer (50 m)
and cells were broken up by sonication (§Y§U%ss 60%
anpl i tude) and the suspension was centrifuged (20,000
r Rfdoet 1@-ﬂ1anﬁ@)?ano§iﬁ§3 '
nm and the profein was St%%??@g%%gng%&rﬁliﬁ%i%Iq{tgig?]i&%ﬁlt%;edures from
donnese epenthavgtaid t by aglycoryiatiasi mgtic obwenmetlmholonfoliowed by azide
%%%qﬁﬁO'%” El uti on was nonitored by UV absorbance at

WYY f racti ons combi ned accor di ngly. The conbi ned
fractions were

Tris-triazole Ligand 11

o

?—OEt

N~N

W
&EN

N =
/\(\IN /wjo
N N=N
N” EtO
EtO N

O

Tris-triazole ligand 11 was prepared from azido ethyl acetate and tripropargyl amine as

described ®.
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di al yzed (MACO 12-14kDa) at 220C overni ght agai nst
sodi um phosphate buffer ( 50M pH 6.5, 4.01). The

wonraaicaioes4sol uti on was filtered (0.2 nm and st BCEMBR006/001274

4C. Synthesi s of reagents. L-Hoppazi do al ani ne was
synt hesi zed via a Hofi nann-rearrangenent,
thyoyl Gigelastosiderfd deprotection strategy as descri bed
in literature3. () DL-Honopropargyl glycine was
prepared fromdi et hyl acetam domal onate by
ORI GReraYActatdeywad bRBarchYidr @k Kahe, mé‘tﬁi@r as the known C-glucoside
decar boxyl ation as described previously 2.
|aceprilhg- R -the atethrddef- 2u,déwxangh Fpger A@l@tpyBame‘s iRdend, Vasella, Andrea;

AP At 250 P Bbfsa "oy cosyl cnl or de
foll owed by Zenpl en deacetyl ati on4. Chitobiosyl azide

2 Chitobiosyl azide was prepared as described by
Macmi | | an b _aBb. (2- met hangthi esul f onat e- et hyl py

a- D gl ucoB%/Or ide 7 7 -d ufRpyranosH:OMrS- (kagent
was prepa Hnown  brisfi = pridtrectit
renoval and net hanet hi osul f onat'®@ substitution & 5

described in ref . (2-azido-ethyl) a-D mannopyranosi de
3 Azi doet hyl -mannopyranosi de 3 was synt hesi zed
according to literature procedures from nannose
pemalhAMdeadeMpdehtlyco COHBARractibash br onoet hanol

foll owed by azide substitution6'7. Tris-triazole

Li gand 11 2 o
EtO
0O 0 OEt
OH
NHAc

EtO OEt HO o CuSO4/Na-ascorbate OH

NHAG HO Ny — ~ =
HO Q

y AcHN HO N, -N
74 AcHN N

Diethyl homopropargyl acetamidomalonate (55 mg, 0.20 mmol), HO3G1cNAc—N3 1 (101

mg, 0.41 mmol), sodium ascorbate (202 mg, 10 mmol) and tris-triazoleyl amine ligand 11
(6 mg, 0.012 mmol) were dissolved in a mixture of MOPS buffer (pH 7.5, 0.2 M; 4.0 mL)
and fert-butyl alcohol (2.0 mL). Copper(Il)sulfate solution (0.1 M, 100 uL, 0.01 mmol)
was added to the stirred solution and the reaction mixture was stirred for 28 h at room
temperature. The solvent was then evaporated under reduced pressure and the remaining
residue was purified by flash column chromatography on (silica, AcOEt to 15% MeOH in
AcOEt). The product appeared as a colorless film (83 mg, 79%).

Methyl (S)-2-[V-acetyl-amino]-4-{1-(2-deoxy-/N-acetylamino-B-D-

glucopyranosyl)[1,2,3,]triazol-4-yl}butanoate:

| l MeO
OH . NHAc

OMe + HO o uBr, ligan
AcHN Ho N3 aq. buffer Ho O N

NHAc HO « =N
(o} pH 8.2 NHAG N
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Tris-triazole ligand 11 was prepared from azi do et hyl
acetate and tripropargyl am ne as descri bed 8. Et hynyl

wa20ml1ac49si de 5 Et hynyl /3-C-gal actosi de was PpCeGB2em/001274

in the sane manner as the knowy C gl ucosi de according
to the nmethod of Xu, Jinwang; Egger, Anita; Bernet,
Erumons Maseds 410 mgdP 670 meeily waciissolvad tmacatonifrity (1 mL) and ligand

1555,y 2004 2000 T AR 0 SACBIEE g 5% c

5165‘&1@@‘ \QM&H%% $ohRidibof AkAld FRb )ac1d"{? %QW Mni'ol) and sugar 2

mmol ), sodi um ascorbate (
r(ﬁi)ln)g, A Itlmois)- inrdodimml phosphate baffer anohll D.1(56/4,naf] 8@.)0 Ilhe reaction

m’mlt&rewer < uqug 81?1};]%1')6 grgclﬁg .eu‘(;jl ro@gﬁ{empe@%gg &KP ?@gu{f]t:eg_\njm TLC-analysis
1

P R E STRIE S habhial Ph e Yo TR with ety

racktater andwasshsd mritheetatbo(1 OZﬁLharat the @qm:d:ue rhmr atadieel witheé.cOEt. The

sol vent _was then evapqrat under. red pressure_and

tA9EUSH i F MGS rdapeaed s ?%Sfyu@ar BT JesBIRymThe Tesidue was

SR 8 oo it o HEMMECHRUPOr 0 442

ngO/?P&%H/Al’s@Et)yto afford the desired 1,2,3-triazole (26 mg, 74%) as a colourless
(? - 2- [I,_r-acetyl am no] - 4-{l - (2- deoxy-i V-acetyl ai ni no-
yr anosyl)[ I,2,3,]triazol -4-yl}butanoate:
CuBrl Ilgand + HO N5 aq. buffer pH 8.2Cuprous brom de
(10 mg, 0.070 mmol) was dissolved in acetonitrile (1

rﬂeéhy?nd i garkg')-z-[N-acetyl—amino]-4-{4—([3-D-galactopyranosyl)[1,2,3]triazol-l-

yl}butanoate:
(0]

. MeO

N.
3 OH NHAc
OMe + o0 _— ubr, figan
AcHN HO o = aq. buffer HO o /7 ’\[\l\j
o) pH 8.2 on N

Cuprous bromide (10 mg, 0.070 mmol) was dissolved in acetonitrile (1 mL) and
tristriazolyl amine ligand (0.58 mL, 0.12 M in acetonitrile) was added. This solution (45
pL, 5% catalyst loading) was added to a solution of amino acid (20 mg, 0.10 mmol) and
sugar 5 (28 mg, 0.13 mmol) in sodium phosphate buffer (0.5 mL, 0.15 M, pH 8.2). The
reaction mixture was stirred under argon at room temperature for 3 hr. The reaction
mixture was evaporated to dryness under reduced pressure and the residue purified by
column chromatography (silica, 9:1 AcOEt/MeOH to 4:4:2 H,O/iPrOH/AcOEY) to afford
the desired 1,2,3-triazole (37 mg, 97%) as a white solid.



(0.58 nL of a 0.12 Msolution in acetonitrile) added.
This solution (38 nm., 5% catal yst | oadi ng) was added

woOow/196d48it i on of al kyne amino acid (15 ng, O0.88T/maBb)6/001274

OH

OH
DH €0,
AcHN
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R

and sugar 2 (31 ng, 0.13 nnnl% i n sodi um phosphat e
buffer (0.5 nL, 0.15M pH 8.2 The reaction m xture
was stirregouytifer ar e e t erature for 1 hr,
after which® Aanal ysis i nd Ca ne di sappear ance of

al kyne starting material. The m|¥t@re wes diluted with
ethyl acetate and washed..w.th FHET€ 10 nL) and the

a@;&g& IogyerOvaashe@sM’W“;;'h AcCEt,, Thg aqueous | ayer was
e

eS8 nder °¢\e>§sure The
r esTdue ‘was. ptti fied by cquﬁhO%hro aphy (silica,
1:1 et hyl|cse@Fes/ zPr OH to 4am Mmas 2P G : t5@1‘5&2}1&) to
afford t eones | red 1,2,3-tE 1g4m e U, 749 as a

: - {4- (b- Dgaﬁ\t‘@%@ﬁf osyl )‘
, 2, 3]tr|azoI-IyIJbutanoate Cuprous brom de (10 ng,
O 070 nnDI) was di ssolved in acetonitrile (I nL) and

tdusd Lkagatneis %Woﬁér%ﬁ@aﬂ&l\ﬁﬁ: fibm @ﬁgcﬁ)aféﬂfj\f—acetylglucosamme A

acetonitrile) was add Thi's solution” (45

carakipgile II@Hylnlyjngv\aszyaxdﬁe céynthess o6 [SisliaoNAcf wasremployed (reference
and sugar 5

i.d nmol
ity I‘IA&S% 5166 guben Hqpgote ha“of?["i%‘n??ﬁlmﬁﬂ %ﬂe}latography was
FLRE LR MV dihEndBSciSt i rred under argon at room
teﬁ‘upleratureﬂ} P)G E@p (e reaction m xture was
evaporated to dryness under reduced pressure and the
residue purified by columm chromatography (silica, 9:1

@ﬁ&téﬁﬁﬁ'&h@oﬁ f-pfo l-?f aho$i@eaf ford the
desired 1,2,3-triazo /6 as a white

SfAcgtém&uﬁ %e&é{}/ i{ﬁfa@fyl g% ucg} o@s?ckgﬁas bsee%l‘&les'f:\mbed previously .

from G propar PUCoSam neA Very si

g ouy belpdkdaadt @z yiphied a8 ¥RsWie beIswodcc&idaleaieNAE nWlfod of Vauzeilles,
enpl oyed (reference
Boris; Dausse, Bruno; Palmier, Sara; Beau, Jean-Marie; Tetrahedron Lett., 42(43) 2001,

7567 7570

OAc OAc OH
15% Yb(OTf)s NaOMe
ACO/\&/OAC ACO O\// MeOH HO O\//

NHAc  Ho._Z NHAG NHAG
DCM, reflux

OH OH
HO 0 .
WS&/O/
HO SOH NHAc

2-Acetamido-2-deoxy-1-propargyl-p-D-glucopyranoside (15.0 mg, 0.058 mmol) and
uridine-5’-diphosphogalactose disodium salt (59 mg, 0.092 mmol) were dissolved in 1.0
mL of sodium cacodylate buffer (0.1 M, 25 mM MnCl,, 1 mg/mL bovine serum albumin,
pH 7.47). B-1,4-galactosyltransferase (ec 2.4.1.22, 0.8 U) and alkaline phosphatase (ec
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5 Baisch, et.al.). At no stage purification other than
flash col um chronat ography was required to obtain any

wofhodehes3as oduct s. 2- acet am do- 2- deoxy- | - pr opar §¢ir/GB2006/001274

b- D- gl ucopyr anosi de 10 23
2- Acet am do- 2- deoxy- | éﬁﬁ:opar gyl - b- D- gl ucopyr anosi de
Hab38ed WDavwe added apd mmwasmkmgerﬂmapa% &€ fpt 21 hours when

OB MRS iR WnelutPERR) il ine Sule dsggpoarance of
‘;E% ﬁcdk%fo‘rDCN%aT ?R @EF AR edetibh mixthed 43 1P Bised éﬁtZ) silica and purified

ZlyAﬂ@ﬂhamIUngGM@u%ygmmy (B5§- gateaisopwpyhnlekd :dthybraopiate) to yield

%d@ggéﬁ%ﬁ% %@%qeganp 5589855 ﬂfrgf(g’-;hgrggar gyl -

uridi ne-5' -di phosphogal act ose di sodiumsalt (59 nyg,
0.092 mMmmol) were dissolved in 1.0 nL of sodium

-cacodyl ate buffer (0.1 M 25 mM vnC 2, 1 ng/nL bovine

serum al bumin, pH 7.47). b-I,4-gal actosyltransferase

(PEo {é}éll(ls%etlﬁn& %-ﬁﬁ@o%’-&%b}c@i% -81123 Madiee% Ronulopyranosylonic

(ec3. wer e added and the m xture was

\?\‘gfdé@i sgg %ylﬁ&oﬁgoat%g Fﬁe(tlﬁ?f‘ﬁ'igﬁ%ﬁtﬁlyf’%ﬂﬁqxé%é'&ﬁw?@yr anoside

| ete di sappearance of the acceptor sugar ( f 0.8).
ro:‘p:actl on m xture was | yophilised onto silica and

puriq i ashOEoI ur @ihromat ography (2:5:6
;ﬁ%xe) to yield 5 23.7
rrgEg |eId ofO ous solid .

Pr opar gyl - ( 5HQce&dHl mi do 3, 55 Id"*“oleoxy d- gl ycer o-
a- D- gal act o- 2- nonul opyr anosyl oni ¢ aci d- (2->3) -

2- Beganaiot B iyo3nb Oyf-d{dataethpyZmagétl-propargZ-0lghiypyranoside (12 mg,

al de
%@@ ) ‘)8/{;33 gf‘&%ﬁgﬂ . b4 mL @of gratere Sedirrnprsedylate-wrsorsided (60 mg,
Qs Bod! HEIRVHARASHSE dﬂ%/[ﬂ‘%s were manganese chloride tetrahydrate (8 mg,

0.041 mmol, final concentration 29 mM) and bovine serum albumin (2 mg). The pH was
adjusted to 7.1 prior to the addition of cytidine-5’-monophospho-N-acetylneuraminic acid
sodium salt (19.8 mg, 1 equivalent) and «-2,3-(N)-sialyltransferase, recombinant ex.
Spodoptera frugiperda, ec 2.4.99.6, 30 mU) and alkaline phosphatase (ec 3.1.3.1, 30 U)
were added and the mixture was gently shaken at 37 °C for 70 hours, after which the
reaction mixture was lyophilised onto silica and purified by flash column chromatography

(5:11:15 water:isopropyl alcohol:ethyl acetate) to yield 20.9 mg of an amorphous solid
(95% yield).

ELISA assay for measuring role of sulfotyrosine in P-Selectin binding

Experiments were carried out to show that proteins glycosylated by the invention have
altered biological binding properties.

The ELISA assay was modified from the assay published previc;usly.

The modified SspG proteins were coated at 200 ng/well (NUNC Maxisorp, 2ug/mL, 50
mM carbonate buffer, pH 9.6).
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0.028 mml ) was dissolved in 1.4 nL of water. Sodi um
cacodyl ate was added (60 ng, 0.28 nol, final

woampanéat i on: 0.2 M, as were nanganese chl oPCU&B2006/001274

tetrahydrate (8 ng, 0.041 nmols,final concentration 29
and bovi ne serum al bum n (2 ng). The pH was 15
daithisthedtol d5 7ulYweti 60 mg/mlhén achden) iveas added to reduce off the sulfated

S%@ﬁ%}??lilg&? to(n%g OEI? gﬁg‘? g lalék\ﬁ/% af&lgtpiqq'? ?V%rg%{fn ated at J °C for 15 hours.
aI‘I?e el Bb¥ldd R S{Hﬁé %e &1%@[1%%19 @Om%gi m . assay buffer: 2 mM

Spodoptera fi ugl p erda, .

at4Cil] TEemph UspNS0ask N&C, §H17 B 200 1 Bhethwelpfor 2a@daacht 3MeC .
the m xture was gently shaken at 37 C for 70 hour s,

. afliearlatgtivastvashed Féthotdshing pifeiaesadytiey ecpmlmngéb%h &y Tween 20,

e h t hy
LR, B DeP U 58X RS, G0 MBI B BRLAREY e Oho. 61306,
We&irﬂblﬁ@ﬁtﬁn r(ﬁ-IcheHQ AR hiRl QuGuched, ltﬁbnér?iéﬁﬁ;téh@'aﬂd cyﬁbla&ﬁm domain
assay for measuring role of sulfotyrosine in

Pnseméc senal idowele diubzen EQMQOH‘E{]WQU et-6 Ikgéwal ko el ofitipe differently

arouned eGSR AT FrBialorkdl ThR e &R inilbpa o 57 oc

vy@§ megi.fied fromthe assay published previously. The -
rmdlfl ed SsbG proteins were coated at 200 ng/ wel |
AﬁJNONWM@Mtp W&hgig*rbgffeﬁ Owide] ther Wellsatvercbnédbated with anti-P-selectin

it DEh b Ebb e Chetsa rlgrisaR Ry o e ekt fchs Bisey butter

agp f1°1%dra§t@zhe Wg? us A @orﬁ%o‘?%?el%?%n& Qﬁﬁﬁ%& %@th%asﬂiu%ﬁ;%er (3 x 300

15 hours s were bl oc Vi ne ser
ubweilp (25 ng/rTL i n assay buffer 2 mM CaCl2, 10 mM
mV Na H 7.2 er well)

T ?@fg]geo wolds was[-mgulgartg% g{lth,&gtlwg &%spe@%@ﬁg’nﬁmjuga’ce (ex Sigma,
bATR 88) AT RN RUh BT TRORLAL Bflly SnOP W WastiWE $0£2063 x 300 uL).

The binding was visualised by the addition of TMB-substrate solution (ex Sigma-Aldrich,
T0440, 100 pL per well) and incubating in the dark at 22 °C until the absorbances read at

370 nm came in the linear fange (approx. 15 minutes).

(S)-2-amino-4-{4-(B-D-galactopyranosyl)[1,2,3]triazol-1-yl}butanoate

Na
I/ ' HO&/ CUB———ur, ligand HO OH o
6] N B
o == aq. buffer Q / \/MO
+HN HO HOWN +HgN
0 HO HO N

Using the same method as above an optimization study was conducted using 1.5 eq of

Ethynyl C-galactoside 5 relative to Aha.
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3 x 400 nL per well), prior to addition of P-selectin
(ex Cal bi ochem cat. no. 561306, reconbinant in

wQaer1e6d48, truncated sequence, transmenbrane BAWGB2006/001274

cytoplasm c domain mssing, sergal double dilution
from 400 rgtwelt—to-1.- 6 ng/well for each of the

di fferentPHdmndified Ss G nut ant £onyersim, ¥%* of washi | g
buffer). |PHe plate was [ ncubated at 3D C for 3 hour.
After washlbixg with wash{ng buffer twi ¢tge, the wells
were inculyated w th ant{-P-sel ectin apfl body (Tod
subt ype, 2 L,nem' con, Tl one AK=6, liu$ g7 wet—+n—1606

nL assay :?Lzlm) for—t—fhotr—at—2 r\,h?}us 3—cont+ol
V\El | S) and Ancharl \M t h 'achl nn hnffm‘ 3 ¥ 300

mL/ wel 1) . neigand,8-3 he wells was incubdted with
ant i - MAS R SGHNRRSHO! 50 MEE: GARE HAAL Bl Hr 32t & Brue Ahass
0168) for %L hour af(bz 1 0C"" ﬁe agﬂat I's Wer(re%vvasvra{lcgda v?/l/th
vvashl ng buffer (3 x 300 nmL). The bindi ng. was

t he ition of TMB-substrate sol ution
(ex I%ﬁ%f‘%ﬁﬂgn}gn{i‘% ﬁ%o nmL per well) and

iTagth & or47gll i(THpH 9e§@dé<fra é’x?e 95130k HENfGlﬁb&%b; Pﬁé‘g%% Ile-Thr-Asp-

read at 370 nm cane i n,t | i near range (app
Merﬁpgcgg}l Leu-Glu-C(O)NH,) analogues (HZN Gln—Asp-Phe-Aha/Hpg—Ile -Thr-Asp-

Dfsbu lge a ﬁ‘é@mq@%%% F%ﬂf ‘{Zfré‘liécgilalgn%lltry on Rink

@Il&@MA@B%?réﬁ r@sﬁﬁ'[f‘%zcﬁ%h %&EWN\&@%S&&%&%% 01-64-0037]

using 1.5 e Et hynyl C gal act03| de 5 relative

Aﬁlagaﬁ@,lcmmgédsswe@HbNWRC@M@;ptﬁia@yms)lzen sol at ed
yield confirmed for pH 8.2 value at 84% Tamm Hor sf al |
Fragnent Preparation: Tanm Horsfall (THp) peptide

RepoeRfitativéd Prodlfure HP Gy Bo-Cydodhicidls bt | A RadfYordi PKha-containing

protein:

Ethynyl-B-C-galactoside (5 mg, 0.027 mmol) 5 was dissolved in sodium phosphate buffer
(0.5M, pH 8.2, 200 uL). Protein solution (0.2 mg in 300 pL) was added to the above
solution and mixed thoroughly. A freshly prepared solution of copper() bromide
(99.999%) in acetonitrile (33 pL of 10 mg/mL) was premixed with an acetonitrile solution
of tris-triazolyl amine ligand 11 (12.5 pL of 120 mg/mL). The preformed Cu-complex
solution (45 pl) was added to the mixture and the reaction was agitated on a rotator for
1h at room temperature. The reaction mixture was then centrifuged to remove any
precipitate of Cu(Il) salts and the supernatant desalted on a PD 10 column eluting with
demineralised water (3.5 mL). The eluent was concentrated on a vivaspin membrane
concentrator (10 kDa molecular weight cut off) and washed with 50 mM EDTA solution
and then with demineralized water (3 x 500 pL). Finally, the solution was concentrated to
100 pL and the product was characterized by LC-MS, SDS-PAGE gel electrophoresis,
CD, tryptic digest and tryptic digest-LC MS/MS.
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Il e-Ser-Leu-Leu-d u-C(O NH 2)12 anal ogues
(H2N- d n- Asp- Phe- Ma/ Hpg~l | e- Thr-As r-

woOhkeos@yesdbeu- Leu- A u- C(O NH 2) were synt hesi ze#CibAGB2006/001274

means of Fnoc-chensitry on R ngg am de MBHA- pol ystyrene

resin [1%di vi nyl benzene, Novabi ochem cat. no.

(laldd SB C]B?@umélgcﬂg-lﬂ’lrﬁ/M&)ww doraseingl e stattinig enzttgrl@@ﬂlBG—Cys344Ser~
PRl ABa-dFsit hahin-Met73 RephesBIsiAdiaiMet204 A e st 2S GAdm-Met2 75 Aha-
A1¥000 ANLAVRRTHH A VIetdB9 A4 dopr ot ei n_ Aha- cont ai ni ng

protein: Ethynyl- b-C-galactoside (5 ng, 0.027 mol) 5

was_dissolved. in.s um nhncnhntp buffer (n 5 M. pH

leavame0 i) Retengio n (éhﬂrapstaﬁes«m/@) my in 300 m) was
ddalgdento t he timimofweing ¢l ution—and m xed thoroughly— A

flresddesipr epar ed sol ytilon of coaiﬁ%r br oni de+3(99 99994 +4

Hh—acetoni-tiite(33 1 of 10 np Was nrnm vad \wi t

LN A AL L LAY} T C U —vvirtoTT

aW 1&16:@1 oni tn |2I4é sol utjion of tri§- tﬂf”%\%él yI arr??‘g%l

IT m-—of 120 g/ e reflor
&9?]02% ex sglﬂ'ﬁti on (|45 nl) was adéed tthe mxture

argi79-B2 reacyijon was |agi yaz.ed oph a rot ator for Ih at

ature. Thd reaction mxture wag then
c@rﬁtﬂﬁ*ﬁ B8é.2renpve any precipitate of Qu(l $$0-8alt

U7

A el o sed wetor (35 mhy. 1TAE el dent Jagd |

cocentzat ed 1oy a vi vlaspi n nenbr anegqoncentrator (10
kDa molecular weight icut off) and washed wWith 50 M

EEEPAZ%)@IQJM 0r17alnd then vvith dem ner”éﬁl73zed water (3 X

5601 t+-he—sotution— ""““Gi"ltl atet—to—1po
BT 2Bdct s ohar actel, 2005y 1A NG1057
SDS- PAGE gel el ectrophoresis, , tryptic dl gest and

tryptic digest-LC MS/MS. Table S3 Tryptic

%@3 %ﬁ NS af{RL AP RENS AL Gor° iSRG HibAhctosylated SSPG-
el LR éh%%etﬁk?eifﬁ%%eﬁéﬁh&%ﬁlé%ﬁ% M5Q4Abe336Aha-

§(-T-Gal-Met383Aha-Met439Aha

Cleavage retention | Charge states (m/z)

fragment time [min]

[residue #] +1 +2 +3 +4

T2 16-41 24.4 1459.6 973.4

T3Gal 42-70 23.1 1120.1 840.3
T5 79-82 4.3 443.2

T22 200-225 25.6 1407.1 938.4

T25 241-251 18.1 1282.7 641.8

T29Gal, 280-292 | 6.9 9454 630.6

T45 427-446 26.7 1193.5 796.0
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Met 21Aha- Met 43- T- Gal - Met 73Aha-Jet |

48Aha- Met 204Al i a- Met 236Ar a-

NEB pesiiups aainbied hee-bisadain avkiad 8B vacidstand dnthededis-tag. The
ragibdtag ussdnheugholehierektafelds papardd bheabd aniWiD sequienlse ESSPG.
I THuk URE exdngplb,aBptid BRgMERATEIS #IB0LER ¢ olrBs e Ll 74 185

r ' AENTRRR on WI' sequence of SSbG
'I(ﬁlﬁ}t's),[’p?ggﬁéiva TI@%,[] trypti g\@?'r agment T29 #280-292

corresponds to 274-286 (K)D[ TGal ] EAVE[ TGal ] AENDM (W .
G yco-cycl oaddi ti on of Al kynyl protein Hpg-contai ni ng

ot el n: .anal us procedyre was enpl oyed for the
HoleeeEatordian ofdiEuRah Hyer Siatie PIRonh s case
aky 32419800866 4B CRELORYEIAE for &ﬁéqngdﬁwéﬁ& bf HpPRSntResk proteins.

as the Teaction partner inhstead of the
dhkiisydasd aft-agidg desiioke carbélpydeate gHENGIDUAIN Dilf fves esdd &l the reaction
d ycoconjugation: To a sol ution of freshl3y synt hesi zed

aphedasterper the alkid-f-0ohyqesidat ed, 0.5 ng) in aqueous
phosphate buffer (50 MM pH 8.2, 0.3 nL) was added a
sol ution of glucoside MIS-reagent 7 in water (50 ni,

T [ . . on an end-over-end
o YspeEf Dol DRt BREL OB RE P T O s
ar@lay solstidis bN greshiyhantrEReX pepiden (H M &1 AhbAcpdraidd, 0.5 mg) in
(flow. 1.0 nL/mn, nobile phase gradient: 0.05%formc

adierusrphasrhate buffers@reMaind 8 8-3 mlyees added azglupion)of glucoside
VISR B PR ok btE's SEPhEtEsy TGPl o entover ot
trbtagort for aZ Gl ebelfdre amdaliduol LBd&ent MOYEKAY afhlsistuking 2 Phenomenex
Et hynyl sugar 5 or ) ) )
Gemini S5p CI8 110A column (flow: 1.0 mL/min, mobile phase gradient: 0.05% formic
acid in H,O to 0.05% formic acid in MeCN over 20 min).

A solution of copper catalyst complex was made by dissolving cuprous bromide (5 mg,
99.999% pure) and tris-triazole ligand 11 (18 mg) in MeCN (0.5 mL). Ethynyl sugar 5 or
azido sugar 1 (6 mg) was dissolved in the reaction mixture of the disulfide bond forming
glycoconjugation before copper(I) complex (15 pL) was added. Reaction between Aha-
displaying peptide and Ethynyl sugar was complete found by LC-MS analysis to be
complete after 1 hr at 1t. To the reaction of Hpg-displaying peptide and azidosugar an
extra amount of copper(l) complex solution (10 pL) was added after 1 hr. After an
additional period of 1 hr. LC-MS analysis demonstrated full conversion of starting

material to the desired conjugated product. Reaction sites are marked with a circle:



azido sugar 1 (6 ng) was dissolved in the reaction

m xture of the disulfide bond form ng gl ycoconjugation
wohedeawessgopper Q conplex (15 nl) was added. ReaTtGBam6/001274

bet ween Ahadi spl aying peptide ghnd Ethynyl sugar was

conpl ete foun LC—I\/S anal ysis to be conplete after
1 hr at rt. of Hp d| S yi ng| pepti de
and azi dosug n°e t T’? Mex
sol ution (16 ar Ny N,
addi ti onal per| od’cowf 1 °1CoB aﬁ%ql ysi s>denbnsy r at ed

full conversion of sta ng material to the des#rTed
conj ugat ed product. ReacfPBh &l Ede 8% marked with a
circle:Chem cal Forrmula C78H125N17031S2 Exact WMass
1859 8Cheni cal For mgt"a C80H128Ni O3 1S2 Exact WMass

1900 8 Comments 0O Q%I mZat/i on of Ereacti on conditions

for @ yco-cycl oadditif®ad Tri|stri ligand 11 has
been shown previously in th literateye 13 to be
useful in staditd zing. . Cu(l) in the aqﬂgous reaction

m xture. In its abse ﬁl dathaHto @J(IT) ccurs
rapidly. Due oi thell pwisdl gbil ilt 1pt
Ik e\)vj\\/ﬁ c%ﬁé@w\%él% @ﬁf(ﬁ k"é*i i ne

o

sol vents, at&thnit¥i
buf fer system (pI—F°?' H 8. 8) was If ound o be);mst
suited for the nodificat{gn,.r laggmlpgzssz Many previ otls
exanples in the literature meMysemv I h situ reduction
of a Cu(IT) salt be O@.ddl ng reduci ng agent to the
reaction m xture. o Our atitenpts at enploying in
situ reduction of*# to rd?’catalysmfor protein
nodi fication provedunsati sfactory. Jhe quality of
spectra of the corresponding sanpl@sowas | ow and
deconvol ution provided insuffici&it s gnal to noise

ratio. Enzyme, agtivit
CO,H
4% 4G, w i

COZH

\ NN
HO
HO
HO'

Chemical Farmula: CygH25N17031S,
Exact Mass: 1859.8
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Ki netic analysis was carried out and showed t hat

mut ant proteins and gl ycoconjugates retain enzymatic
waebioniogdss (dat a not shown). Lectin binding studCe&B2006/001274

Experiments were carried out tgmyshow that the

gl ycoconj ugat ed sugar s af fect bi ol ogi cal tar geti ng.

The | ecti n- bi n¥I hg p er ijesl5 of gI j ugat ed
SsbG nutants yerefc rlH d/g(yi ’;/g%n ysi s
on i nmobi.l i 7 é)L l"gi uﬁﬁgﬁ Nmo
PNA, Arachis hypogJa“Ea 6’I\°HCon 1 041, °Triticum
vul garis, K-WGA- 1001]. Iut ed fractl ons vvere “07oH

vi sual i zed wi th Bradfor e dEnCdNetatl absor ption was

determined at 595 nin..Man SsbG clearly denonstrated
bi nding to | egume }J¥ctin ncanavalin A (Con A) while

@ c-conjugate (@ @Mgl d not show significant
bi ndi ng above backg . This was also found to be
the case for b-Gal-tri azol - conj ug, SsbG binding to

gal actophilic lectin peanut aggl ut i, (PNA).

Chi t obi ose (@ GNAc SsbG) conjugate, and]to a smal |
extend G cNAc Jconj ues owever, fou%to bi nd
to wheat ger | Ut i gt yqr dt i ng

t he neo- gl y&o gg’thHd s retitg;se R}) h/&%ﬁn af %h%i'“?
col ums. The | ack°®f bpadi ng of gI ugose- B/ontrary to
mannose conj ugate, co pOSSi bla/ be expl ai ned °by* Con
A's lower affinity for I 'Cl??e&gﬁ;l; wefat i ve bindi ng of
nonosacchari des by Con A has been found to be:

MeaMan: Man: Mea@ u: G u 4n the ratio 21:4:5:1. Mannose

nonosacchari des areg, e bound 4 tinmes tighter by Con
A than gl ucose MONoSACCWAPidé. The apwnatic triazol e
may al so contribute to increased bpmdihg of mannosi de
over disulfide linked glucosidel7 . "%

J

E;NJL Jfa wa Q(JL LW Bt J¢¢L
~Co.H Y j\OH

i'q—N

NHAc
[»]
HO YH
OH

Chemical Formula: CggHy26N1502315,
Exact Mass: 1900.8

Comments on Optimization of reaction conditions for Glyco-cycloaddition:
Tristriazole ligand 11 has been shown previously in the literature'® to be useful in
stabilizing Cu(I) in the aqueous reaction mixture. In its absence, oxidation to Cu(ll)
occurs rapidly. Due to the low solubility of CuBr in other solvents, acetonitrile was
chosen.

A slightly alkaline buffer system (pH 7.5 - pH 8.5) was found to be most suited for the
modification reaction. Many previous examples in the literature rely on in situ reduction
of a Cu(Il) salt by adding a reducing agent to the reaction mixture. All our attempts at

employing in situ reduction of Cu(Il) towards catalysis for protein modification proved
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Lack of binding found in sonme and not others of the

above nentioned constructs highlights the need for

Sol vent PCT/GB2006/001274

accessibility: Only a few studjpes of proteins

reactivity in chemcal reactions to date give an

unsagigfagtosyl ab@ epslionei spectearofiothacedraspeiding samples was low and
cess ilit 2 1. ..FPr teln crystal .structure of SsbG
Bl ptp st S ST B R heces bi 1 ty

for nononer A of dineric dinmer of SsbG was assessed by

Naccess23. Accessibility data for nononer B gave

may e actieityi cal val ues. The val ues given as relative
tal side:chain ac ibility j interest in .t

Koty SehSiscmar Sumoant At shied, bl cuisti s ieiney At yhgoniugates

éﬁ%b cid Xrelative to the

3%%§SSI ?F?%“otgyﬁgﬂ§§§%@§?ﬁe chain in the tripeptide

Al a- X-Ala. Therefore, it is to be expected that the

accessibility of ‘Nterm nal residue Metl for the

studi ed SsbG nmutants is even higher than for the

qakaH b ddg Wadidsot ei n since the expressed nutants have

Metl -3 y2 spaced fromthe rest of the sequence by a

HixpFrimgrjs (wase camieBeubd) sh@oithasike glyeecosjupiatedt ugergsfiect biological

furthernore based on the natural am no acid sequence

&H&aH%& e.g. incorporated honpazi doal ani ne and
honopr opar gyl gl yci ne nmutants. The cal cul ati ons were

ASE Q% ﬂ) gﬂfeglero? fy ch S’i RUKF Gl tQmA ete Chathcterized b
zilgcén Olj‘g;ﬂ?s sog : ob1 ze g;@ ) % ﬁ S cwt no. PNA. A;achzsy
%%ﬁ)oag ;ztécu?tb résﬂ g?fﬁ ec? actlons
ﬁ*@@fwflémlwé %@1 %raé@r%feaaag. i) ﬁésoxptlomv 3&585 nm..

relatively accessi ble. The sanme coul d be expected for
t hei r Tradd®iSIni ne anal oque nut ant s.

Non-glycosylated

SspG

Corresponding glycosylated

SspG

PNA

Con

WGA
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Table S8 Amino acid residue |. QA 1.4A 2. 8A Metl 54.2
53.2 59.9 Met21 9.8 1.9 0.0 Met43 48.0 46.6 48.3 Met 73

w0 .2606006849. 0 Met148 3.6 0.0 0.0 Met 204 4.2 0. OPOT/B2006/001274

Met236 17.3 11.2 2.1 Met275 6238 64.0 69.5 Met280 37.5

35.1 26.6 Cys344 6.6 2.0 0.0 Met383 2.5 0.0 0.0 Met439

12.3 7.5 3.4 The figure bel ow shows, in colors, the

relative accessibility of WI-Ss bG On TIM barrels:

TMen SapG rbestly cenmonstratel binding t6 tdegtineldsetinv@ondanavatiatse(Oon A) while -

crystal structures is the TIMbarrel, It is believed i
t@%bcenmgé@éﬁﬂc PG didmet shoy srenHiqanhbigdmgpbove baykerqyad. This was

Toamyk skt (TR ) ORI Qo IS s g scion
(18etfd ypexmmy lagglutifin (PNA). Chitobiose (GlcNAc SspG) conjugate, and to a small
extend GlcNAc conjugates, however, were found to bind to wheat germ agglutinin
(WGA) lectin, by retarding the neo-glycopeptides release of the spin affinity columns.

The lack of binding of glucose- contrary to mannose conjugate, could possibly be
explained by Con A’s lower affinity for glucose'®. IRelative binding of monosaccharides
by Con A has been found to be: MeaMan:Man:MeoGlu:Glu in the ratio 21:4:5:1.
Mannose monosaccharides are hence bound 4 times tighter by Con A than glucose
monosaccharide. The aromatic triazole may also contribute to increased binding of
mannoside over disulfide linked glucoside'’.

Lack of binding found in some and not others of the above mentioned constructs

highlights the need for precise preparation of glycoproteins.

Solvent accessibility:

Only a few studies of proteins reactivity in chemical reactions to date give an integrated
assessment'® of amino acid residues accessibility' .

Protein crystal structure of SspG was obtained from ref. **. The solvent accesibility for
monomer A of dimeric dimer of SsBG was assessed by Naccess®. Accessibility data for
monomer B gave nearly identical values. The values given as relative total side-chain
accessibility is of interest in this study. These are a measure of the accessibility of the
side-chain of a given amino acid X relative to the accessibility of the same side-chain in
the tripeptide Ala-X-Ala. Therefore, it is to be expected that the accessibility of N-
terminal residue Met1 for the studied SsBG-mutants is even higher than for the calculated
WT protein since the expressed mutants have Metl-Gly2 spaced from the rest of the
sequence by a Hiss-tag (not numbered).

Solvent accessibility was furthermore based on the natural amino acid sequence and not
e.g. incorporated homoazidoalanine and homopropargyl glycine mutants.

The calculations were performed using different probe sizes (1.0 A, 1.4 A, and 2.8 A).

less amino acid side-chains become accessible by increasing the probe size.
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gl ycosyl ated. Anong these are 4gn- 298
resi due. 273 ycosyl ati on of Erythropoietin and
d ucosyl ceram dase For Erythropoietin the respect ive

R o Bt BB CoRE R o0 BF dmuBRva T dneRigping Tosdues o

Qositidked, 43, yx78s ¥8@hicoRlaivEg a@&es§%[é Bfe shipb '&Gul@llﬁet ¢xpected for their
site-di rected nut agenesi s and i ncorporation of

rra¢thionine aaalapey@utantst he newl y i ntroduced Met sites
(the natural sequence of Epo contains only a single
met hi oni ne (Mb4) the protein can be nodified.

A ucosyl ceram dase (D ghi cocerebrosidase), a 60 kD
gl ycoﬁf%héﬁﬁ whi ch plays an inportant role in the
de /el uctrer T SEASE; sents—s—at

al /cosy aCIéﬂeSl i s rret]ho‘%ol ogy. ReF'ﬁlAences 1. 2¥A
Haphcock, RqetM, Corbett 54(2 For dnamsgkel ton, A P99
Ga ehouse J. A & Davis, B. G Developing prom scuous
gl ycosi dasleg1f or gl ycosi @8 synt hesi s:1.Resi dues W330.0

an| )
arg i npor MeHB gl ucosi de- 4%%d gal act o4Pde- speci fi ci t48-3

de erm Ta ChenBrothe 866-875 uu5) 2—van
Hest , @ﬁlé/l Kiick, 'd(f &Tirrel?é 0.0
Effici entMétmq;pr poration @fg unsat ur at e@[orret h| onine 0.0
analogues into proteins in vivo. J. Am Chem Soc.

12p, 128Mai288 (2000). 4.2 0.0 0.0
Met236 17.3 11.2 2.1
Met275 62.8 64.0 69.5
Met280 375 351 26.6
Cys344 6.6 2.0 0.0
Met383 2.5 0.0 0.0
Met439 12.3 75 3.4

The figure below shows, in colors, the relative accessibility of WT-SspG.

On TIM barrels:

The far most common tertiary fold observed in protein crystal structures is the TIM barrel.

It is believed to be present in around 10% of all proteins®*.

On the Tamm-Horsfall (THp) glycoprotein:

THp is the most abundant glycoprotein in mammals'>*> N- as well as O-Glycosylation
pattern is known to play a key role in the biological function of Thp.?® Of the eight
possible N-glycosylation sites, seven are known to be glycosylated. Among these are Asn-
298 residue.”’
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structure of the beta-glycosidase fromthe
hypert her nophi | i ¢ archeon Sul f ol obus sol fatari cus:
nce as a key factor in thernostability. J .
Mol . Biol. 211, 789-802 (1997). 24. Farber, G K An
al pha/ beta-barrel full of evolutionary trouble. Curr.
@i N. AShEMSH of BiyRbsyla¥ing 4QRotdhavitck@H e méPod F&PRisds thésteps of
Horsfall, F. L. A nucoprotein derived from hunan uri ne
whi chik eactwdifyitg a proteuetozdagludaampalkyrerahd e wn agitle group; and

desease viruses. .J. . Med. 95, 71-79 (1952). 26.

Faatof) R recinpgemdifed pokin QR a B Worris,
H R & Deldy A h i i B .

A ycosyl at :(Agn ofa c%ﬁ%ﬁ%%%%?pﬁ?ﬂ?ﬁ?m&&%{%@p, and/or

Chem 275, (91928-cadeBgdraedty niddifietato iRdodg amalkyne grdup
M , Voskanp, ., Kamerling, J . P. & Vliegenthart,
g the,pr W&fﬂt‘i@(ﬁﬁm_ﬁs{'es and site-specific

gl ycosyl ation in human Tanm Horsfall gl ycoprotein.
A ycobi ol ogy 9, 21-30 (1999). CLAIMS 1. A nethod of
gl ycogyimthodgpsalqgmed éi nlaih drehereinttbe metdifadticw npthesestein involves

the steps of i) nodifying a protein to include an
W HRE R OF oR X ATeik Grpe geida gy ths yroﬁ%wlﬁh@nq Fig more unnatural

RS AEf i gin in (i) with (a) a carbohydrate noiety
nodi fired to Tnclude an azide group; and/or

3. A method as claimed in claim 2 wherein the unnatural amino acid analogue is a

methionine analogue.

4. A method as claimed in claim 3 wherein the methionine analogue is

homopropargyl glycine or azido homoalanine.

5. A method as claimed in claim 1 wherein the protein comprises greater than 10
amino acids.
6. A method as claimed in claim 5 wherein the protein comprises between 10 and

1000 amino acids.

7. A method as claimed in claim 1 wherein the protein has a molecular weight
greater than 10kDa.
8. A method as claimed in claim 7 wherein the protein has a molecular weight

between 10 and 100kDa.
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(b) a carbohydrate noiety nodified to include an
al kyne group in the presence of a Cu(l) catalyst. 2. A

worbdsndezas clained in claim1 wherein the nodi PCT/@B2006/001274

to the protein involves the sustitution of one or
more amno acids in the protein with one or nore
thnat ubahetlod groclaivied inmay ofalesns B o A wher¢indheprotdiminssiected from

in claim2 wherei he upnatural, am no aci d anal oque
e corfin PTG SimEPEGUEITR: DRI S OTPA N Re o ifics, Teceptors,
CdrifibBliSs, WA &l 4@ iAREBIARI ne anal ogue is

honopr opar gyl glycine or azido honoal anine. 5. A"
nmethod as clained in claim1l wherein the protein
conpri ses greater, than 10 am no.agcids. 6.. A nethod as
M e TRt icTameq b pIBITH S PYRETSHR RO B P gagie:

bet ween 10 and 1000 amino acids. 7. A nethod as
claimed in claim1 wherein the protein has a nol ecul ar
WHl. ght A guatiaddess dldimed 1:OkiBan 18 wharerethk drmenecik aiyiiedpoiatin.
claim7 wherein the protein has a nol ecul ar wei ght
between 10 and 10CkDa.9. A nethod as clainmed in any of

clai mp L Lfo4 .a@mii?leﬁ itnhﬁlgp%ﬁE&ﬁﬁh k Pﬁe\!(/ﬁ&Eﬁdthfe rRRAikRRion to the
group consisting of glycoprotelns, ood prot el ns,

heotein Etep i@ additiesallyr ogpises the staptdfimatiiBdng thetpestbiautk iimdude a thiol
and interferons. 10. A nethod as clainmed in claim?9

WHEPRi n the protein is a hornone.

13. A method as claimed in claim 12 wherein the thiol group in intfroduced through

the insertion of a cysteine residue into the amino acid sequence of the protein.

14. A method of glycosylating a protein, the method comprising the steps of
i) (a) modifying a protein to include an alkyne and/or an azide group; and
(b)  before or after the modification to the protein in (a), optionally
modifying a protein to include a thiol group ; and
i) sequential reaction of the protein modified in (i) with a carbohydrate
moiety (c) in the presence of a Cu (I) catalyst before or after reaction with a thiol-selective
carbohydrate reagent (d)
(©) a carbohydrate moiety modified to include an azide group and/or
a carbohydrate moiety modified to include an alkyne group; and
(d) a thiol-selective carbohydrate reagent.

15. A method as claimed in claim 14 wherein the thiol-selective carbohydrate reagent
is a reagent which reacts with a thiol group in a protein to introduce a glycosyl residue

linked to the protein via a disulfide bond.

16. A method as claimed in claim 15 wherein the thiol-selective carbohydrate reagent

is a glycothiosulfonate reagent.
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11. A nmethod as clained in claim10 wherein the
hornone is erythropoietin. 12. A nethod as clained in

wanyeeaedi ng cl ai mwherein the nodi ficati on POTIB2006/001274

protein (step i) additionally gonprises the step of

nmodi fying the protein to include a thiol group. 13. A

et hod® aBetBpdiiageelaimede inaiclkim 21 Gyvéresdin thh eglyduitltibsujfonate reagent is
i R ugh the insertion of a cysteine
r%}écliO%G@Qa%g@goq?#eﬁagem%ﬁ%e%ci d sequence of the protein.

14. A nmethod of glycosylating a protein, the nethod
conprising the steps of i) (a) nodifying a protein to

il¥%el ude arethadkyase dritedr imn chaindel Sgr whereinantie ( libiol-selective is a
bef ore_or er the nodification to the protein in

(@X"?’SG f)lpfl%lﬁ%ﬁ%?a%gﬁi'fyi ng a protein to include a thiol

group ; and ii) sequential reaction of the protein

nodified in (i) with a carbohydrate noiety (c) in the

pPes ers medfodzas Clriney ircatygiryeiidgsflanewberenf the Cu(B aatlyshis selected
\%Oth a thiol -se{.ect%%cardb ydrate reagent (d) (c) a

c %gﬁﬁ?lﬁ%onﬁl 9 i 1) to include an azi de group

and/ or a carbohydrate noiety nodified to include an

al kyne group; and (d) a thiol-selective carbohydrate
r?8agentthod & claimedtih oldirad 9 siheiaime thel Gu(®) cataiysl# Gd®Bei n

the thiol-selective carbohydrate reagent is a reagent

which reacts with a thiol group in a protein to

iont 1 0dy ) : ! . . _

T o TR RS SN PP G IRBRL B b Rded in the
Wieserderpitarséabilising amgimb dighidre car bohydr at e reagent

22. . A method as claimed in claim 21 wherein the ligand is a tristriazolyl amine ligand.

23. A protein of formula (1)

wherein a and b are integers between 0 and 5; and p and q are integers between 1 and 5.

24, A protein glycosylated by the method of any of claims 1 to 22.

25. A glycosylated protein of formula (IV)



is a glycothiosul fonate reagent.17. A nmethod as

clainmed in claim 16 wherein the glycothiosul fonate
woeamani34gs gl yconet hanet hi osul fonat e reagent 28T/GB2006/001274

met hod as clainmed in claim15 yherein the

thiol-selective is a glycosel enyl sul fide reagents. 19.

A nethod as clainmed in any precedi ng clai mwherein the

Cu(l) catalyst is selected fromthe group consisting

of CuBr and €ul. 20. A nethod as clainmed in claim 19

wherein theCu(l) catalyst is Cu(l)Br. 21. A netlhod as

claimed ™ ¢laim 19 gr—26—wherein the Qo : yst is
=k WE&m .
dlds c rein

. 'SatrIStrlazmy A
proteln of flormula (ET) wherein a and b are |nte ers
between 0 ard 5; and p and q are integers betmeﬁﬁ\A

} any

and 5. 24. A protein glycosylated by the nethod
of claims 1 to 22. 25. A glycosyl ated protein of
formul a (TV)mherein t is an i nteger between 1 and 5;
c y absent, is an.ali .
%rélﬂ echg\ealﬂnﬁ‘iqg? t%féfem alhgg Fchezg)a cet, éxftﬂll?:tbgﬁ?p' %psent, 18 an
5 mlphmcrmaletyqiaamgﬁbmmt@ml ﬁbﬁfé. wherein the spacer is
sel ected fromthe group consisting of a Cl-6 al kyl

group and a Cl-6 heteroalkyl 27. A glycosyl ated

250 cc R aBPo SR of R B T B sy B8 S5ty e Setected from
alslgroth (:éﬁsw;t’mFA@@ﬁ@l% Ak BerSup MaPs cﬁ@%{é@erbfaucﬁ 0 or 1.

28. A glycosylated protein as clained in any of clains
25 to 27 wherein the protein is

10 27. A glycosylated protein as claimed in claim 26 wherein the spacer is selected from

the group consisting of methyl, ethyl and CHx(X) y wherein X is O, N or S and yis O or 1.

28. A glycosylated protein as claimed in any of claims 25 to 27 wherein the protein is
of formula (V)

1,2,3-triazole Cal:bohydrate
D . Moiety

t

(V)

15

wherein p and q are integers between 0 and 5; t is an integer between 1 and 5.

20 29. A glycosylated protein as claimed in claim 28 wherein the protein is of formula

(VD
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of formula (V) wherein p and q are integers between 0O
and 5; t is an integer between 1 and 5. 29. A

wghywasyi4at ed protein as clainmed in claim28 wWeeT&B2006/001274

the protein is of formula (M 3¢VI) 30. A glycosyl ated

protein as clainmed in claim28 wherein the proteinis

of for aN(__I) (VII 31. A glycosyl ated protein of
|

/0T Mg (VII‘I‘)r | inuandt are integers
SN
Sn_aliphatt c ot et rine

, Wwhich may be absent, is

froml to 8 C atons; and W
and Z are carbohydrate noigties that nay be the sane
or different. 32. A glycosylated protein as clainmed in
claim 31 wherein the protein im f formula (1X)wherein
p, q, r and s are integers between 0 and 5. 33. A
gl ycosyl ated protein as clained in claim32 wherein
the protein is of formula (X) (X) 34 Aglycosyl at ed

n I n clajim n i
g O]tc gm%%sfl n}%%p;n asC cl%{me inc a1m Sé Wherem eoygr%ltem i$’ of formula

(VI)
l}l___N
Carbohydrate
N i
(T o
t

31. A glycosylated protein of formula (VIII)

Carbohydrate _ e Carbohydrate
@ S—§ @ @ @ T1 ,2,3-triazole
u t

(V1Y)

Vi

wherein u and t are integers between 1 and 5; the spacer, which may be absent, is an
aliphatic moiety having from 1 to 8 C atoms; and W and Z are carbohydrate moieties that

may be the same or different.

32. A glycosylated protein as claimed in claim 31 wherein the protein is of formula

()



35. A protein as clainmed in any of clains 23 to 34
wherein the protein conprises greater than 10 am no

waei@s0633®. A protein as clainmed in claim35 wWeer&iB2006/001274
the protein conprises betweenqdlO and 1000 am no

acids.37. A protein as clained in any of clainms 23 to

524 wherein the proflein has 4 nol ecul ar wei ght greatér

an CkDa. 38. A Or g med—
: r,oS &i hﬁ@te'a i Ul Sa-trizppts 0
3 OkDa. e

23 to 34 wherein t e proteirn is selected fromthe |
group consisting of glycoproteins, blood proteins, (1X)
hor nones, enzynes, receptors, antibodies, interleukins
and interferons. 40. A protein as clainmed in claim 39
wherein the protein is a hornone. 4 1. A protein as
&h&elﬁﬁd | Pl saalrg‘lﬂ@géﬁ@%t%}e@nbréﬁd Bormone is

eryt 80|et|n A protern as clained in any of
clains 23 to 4 1 for use as a nedi canment.

5 33, A glycosylated protein as claimed in claim 32 wherein the protein is of formula

X)

N
Carbohydrate S lll Ca{bohydrate
Moiety Z N o | Moiety W

X)
10
34. A glycosylated protein as claimed in claim 32 wherein the protein is of formula
XD A
I?I.__N
Carbohydrate |
u t
15 XD

35. A protein as claimed in any of claims 23 to 34 wherein the protein comprises

greater than 10 amino acids.

36. A protein as claimed in claim 35 wherein the protein comprises between 10 and

20 1000 amino acids.
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37. A protein as claimed in any of ¢laims 23 to 34 wherein the protein has a molecular

weight greater than 10kDa.

38. A protein as claimed in claim 37 wherein the protein has a molecular weight

between 10 and 100kDa.

39. A protein as claimed in any of claims 23 to 34 wherein the protein is selected from
the group consisting of glycoproteins, blood proteins, hormones, enzymes, receptors,
antibodies, interleukins and interferons.

40. A protein as claimed in claim 39 wherein the protein is a hormone.

41. A protein as claimed in claim 40 wherein the hormone is erythropoietin.

42.  Aprotein as claimed in any of claims 23 to 41 for use as a medicament.



