NUCLEOPHILIC CATALYSTS FOR OXIME LINKAGE

FIELD OF THE INVENTION

[0001]  The present invention relates to materials and methods for conjugating a water

soluble polymer to a protein.
BACKGROUND OF THE INVENTION

{0002} The preparation of conjugates by forming a covalent linkage between the water
soluble polymer and the therapeutic protein can be carried out by a variety of chemical
metheds, PEGylation of polypeptide drugs protects them in circulation and improves their
pharmacodynamic and pharmacokinetic profiles (Harris and Chegs, Nat Rev Drag Discovy.
2003;2:214-21). The PEGylation process attaches repeating units of ethylene glyeol
(polyethylene glycol (PEG)) to a polypeptide drug. PEG molecules have a large
hydrodynarnic volume (5 - 10 times the size of globutar proteins}, are highly water soluble
and hydrated, non-toxic, non-immunogenic and rapidly cleared from the body. PEGylation
of molecules can lead to increased resistance of drugs to enzymatic degradation, increased
half-life in vivo, reduced dosing frequency, decreased immuno genicity, increased physical
and thermal stability, increased solubility, increased Hquid stability, and reduced aggregation.
The first PEGylated drugs were approved by the FDA in the early 1990s. Since then, the

FDA has approved several PEGylated drugs for oral, injectable, and topical administration.

[0803]  Polysialic acid (PSA), also referred fo as coleminic acid (CA), is a naturally

' oécurring polysaccharide. If is a homopolymer of N-acetylnesraminic acid with a(2—8)
ketosidic linkage and contains vicinal diol groups at its non-reducing end. It is negatively
charged and a natural constituent of the human body. It can easily be producéd from bacteria
in large guantities and with pre-determined physical characteristics (US Patent No.
5.846,951). Because the bacterially-produced PSA is chernically and immunologically
1dentical to PSA produced in the human body, bacterial PSA is non-immunogenic, even when
coupled to proteins. Unlike some polymers, PSA acid is biodegradable. Covalent coupling
of colominic acid to catalase and asparaginase has been shown to increase enzyme stability in
the presence of proteolytic enzymes or blood plasma. Comparative studies in Vivé with

polysialylated and unmodified asparaginase revealed that polysialylation increased the half-

life of the enzyme (Fernandes and Gregoriadis, Int J Pharm. 2001;217:215-24),
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190041 Coupling of PEG-derivatives to peptides or proteins is reviewed by Roberts et al,
{(Adv Drog Deliv Rev 2002,54:459-76). One approach for coupling water scluble polymers
to therapeutic proteins is the conjugation of the polymers via the carbohydrate moieties of the
profein. Vicinal hydroxyl (OH) groups of carbohydrates in proteins can be easily oxidized
with sodium periodate (NalO4) to form active aldehyde groups (Rothfus et Smith, § Biol
Chemn 1963; 238:1402-10; van Lenten ef Ashwell, I Biol Chem 1971:246:1889-94),

sub sequen.ﬂy the polymer can be coupled to the aldehyde groups of the carbohydrate by use
of reagents containing, for example, an active hydrazide group (Wilchek M and Bayer EA,
Methods Enzymol 1987;138:429-42). A more recent technology is the use of reagents
containing aminocoxy groups which react with aldehydes to form oxime hinkages (WO

96/40662, WO2008/025856).

[6305]  Additional examples describing conjugation of a water soluble polymer to a
therapeutic protein are described in WO 06/071801 which teaches the oxidation of
carbohydrate moieties in Von Willebrand factor and subsequent coupling to PEG using
hydrazide chemisiry, US Publication No. 2009/0070237 which teaches the oxidation of
rFVill and subsequent coupling to PEG and other water soluble polymers (e.g. PSA, HES,
dextran) using hydrazide chemistry; WO 2008/025856 which teaches oxidation of different
coagulation factors, e.g. rFIX, FVII and PVia and subsequent coupling lo e.g., PEG, using
aminooxy chemistry by forming an oxime linkage; and US Patent No. 5,621,039 which

teaches the oxidation of FIX and subsequent coupling to PEG using hydrazide chemisiry.

[0G06]  Recently, an improved method was described comprising mild periodate oxidation
of sialic acids to senerate aldehydes followed by reaction with an aminooxy group containing
reagent in the presence of catalytic amounts of aniline (Disksen A., and Da;wson PE,
Bioconjugate Chem. 2008;19,2543-8; and Zeng Y et al., Nature Methods 2009;6:207-9). The
aniline catalysis dramatically accelerates the oxime ligation, allowing the use of very low
concentrations of the reagent. The use of nucelophilic catalysts are also described in Dirksen,
A et sl T A Chem Soc., 128:15602-3 (20006); Dirksen, A., et al., Angew chem. Int Ed.,
45:7581-4 (20046); Kohter, 1.1., ChemBioChem., 10:2147-50 (200%); Giaseppone, N., et al,, ]
A Chem Soc,, 127:5528-39 (2005); and Thygesen, M.B., et al., F Org Chem., 75:1752-5
{2010),

(6671 Although aniline catalysis can accelerate the oxime Hgation allowing short reaction
times and the use of low concentrations of the aminooxy reagent, aniline has toxic properties

that st he considered when, for example, the conjngated therapeutic protein to form the
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basis of a pharmaceutical. For example, aniline has been shown to induce
methemoglobinemia (Harrison, J.H.., and Jollow, D.J., Molecular Pharmacology, 32(3) 423-
431, 1987). Long-term dietary treatment of rats has been shown to induce tumors in the
spleen (Goodman, DG., et al., J Natl Cancer Inst., 73(1):265-73, 1984). In vitro studies have
also shown that aniline has the potential to induce chromosome mutations and has the
potentially genotoxic activity ( Bombhard E.M. et Herbold B, Critical Reviews in Toxicology
35,783-835, 2005).

[0008] Considering the potentially dangerous properties of aniline and notwithstanding the
methods available of conjugating water soluble polymers to therapeutic proteins, there
remains a need to develop materials and methods for conjugating water soluble polymers to
proteins that improves the protein’s pharmacodynamic and/or pharmacokinetic properties
while minimizing the costs associated with the various reagents and minimizing the health

risks to the patient recipient.
SUMMARY

[0009] The present disclosure provides materials and methods for conjugating polymers to
proteins that improves the protein’s pharmacodynamic and/or pharmacokinetic properties
while minimizing the costs associated with the various reagents and the health risks to the
patient recipients when the conjugation reaction is catalyzed by a nucleophilic catalyst. In
various embodiments of the present disclosure, alternative catalysts to substitute for aniline

are provided.

[0009a] In one aspect of the present disclosure, there is provided a method of preparing a

modified therapeutic protein for treating a bleeding disorder, said method comprising:

a) a first step comprising adjusting the pH value of a solution comprising the
therapeutic protein to a pH value of 5.0 to 8.0, wherein the therapeutic protein concentration

is 0.3 mg/ml to 3.0 mg/ml;

b) a second step comprising oxidizing one or more carbohydrates on the
therapeutic protein, wherein an oxidizing agent is added to the solution in the first step to
result in a final concentration of S0uM to 1000puM, under conditions comprising a time
period of 0.1 minutes to 120 minutes, a temperature of 2°C to 37°C, in the presence or

absence of light, and while stirring or without stirring;



¢) a third step comprising contacting the therapeutic protein with a desired
excess concentration of the activated water soluble polymer, wherein the excess
concentration is 1-fold molar excess to 300-fold molar excess, under conditions comprising a
time period of 0.5 hours to 24 hours, a temperature of 2°C to 37°C, in the presence or absence

of light, and while stirring or without stirring;

d) a fourth step comprising adding m-toluidine to the solution of the third step,
wherein the m-toluidine is added to result in a final concentration of 1 mM to 50 mM, under
conditions comprising a time period of 0.1 minutes to 30 minutes, a temperature of 2°C to

37°C, in the presence or absence of light, and while stirring or without stirring;

e) a fifth step wherein the therapeutic protein is incubated together with the
activated water-soluble polymer and m-toluidine under conditions that allow conjugation of
the activated water-soluble polymer to one or more oxidized carbohydrates on the therapeutic
protein, said conditions comprising a time period of 0.5 hours to 24 hours, a temperature of
2°C to 37°C, in the presence or absence of light, and while stirring or without stirring,
wherein an oxime linkage is formed between the oxidized carbohydrate moiety and the active
aminooxy group on the activated water-soluble polymer, and said oxime linkage formation is

catalyzed by m-toluidine; and

f) a sixth step wherein the conjugation of the activated water-soluble polymer
to the one or more oxidized carbohydrates of the therapeutic protein in the fifth step is
stopped by the addition of a quenching agent selected from the group consisting of L-
cysteine, methionine, glutathione, glycerol, Na2S20s (sodium meta bisulfite), tryptophan,
tyrosine, histidine, or derivatives of these, kresol, imidazole, and combinations of these,
wherein the quenching agent is added to result in a final concentration of 1 mM to 100 mM,
under conditions comprising a time period of 5 minutes to 120 minutes, a temperature of 2°C

to 37°C, in the presence or absence of light, and while stirring or without stirring;
wherein steps a) through ) occur in a single vessel,

wherein said modified therapeutic protein comprises an activated water-
soluble polymer conjugated to the oxidized carbohydrate moiety of said therapeutic protein

via the oxime linkage;

wherein said activated water-soluble polymer contains an active aminooxy

group and is selected from the group consisting of carbohydrate, polyalkylene glycol (PAG),

-3a-



polyoxazoline, polyacryloylmorpholine, polyvinyl alcohol (PVA), polycarboxylate,
polyvinylpyrrolidone, polyphosphazene, polyethylene-co-maleic acid anhydride, polystyrene-
co-maleic acid anhydride, and poly(1-hydroxymethylethylene hydroxymethylformal) (PHF);

and
wherein said therapeutic protein is a blood coagulation protein.

[0009Db] In another aspect of the present disclosure, there is provided A method of preparing

a modified therapeutic protein for treating a bleeding disorder, said method comprising:

a) a first step comprising adjusting the pH value of a solution comprising the
therapeutic protein to a pH value of 6.0, wherein the initial concentration of the therapeutic

protein is 1 mg/ml;

b) a second step comprising oxidizing one or more carbohydrates on the
therapeutic protein, wherein an oxidizing agent is added to the solution in the first step to
result in a final concentration of 400 uM, under conditions comprising a time period of 10

minutes, a temperature of 22°C, in the absence of light, and while stirring;

¢) a third step comprising contacting the therapeutic protein with a desired
excess concentration of the activated water-soluble polymer, wherein the excess
concentration is 50-fold molar excess, under conditions comprising a time period of 15

minutes, a temperature of 22°C, in the absence of light, and while stirring;

d) a fourth step comprising adding the m-toluidine to the solution of the third
step, wherein the m-toluidine is added to result in a final concentration of 10 mM, under
conditions comprising a time period of 15 minutes, a temperature of 22°C, in the absence of

light, and while stirring;

e) a fifth step wherein the therapeutic protein is incubated together with the
activated water-soluble polymer and m-toluidine under conditions that allow conjugation of
the activated water-soluble polymer to one or more oxidized carbohydrates on the therapeutic
protein, said conditions comprising a time period of 2 hours, a temperature of 22°C, in the
absence of light, and while stirring, wherein an oxime linkage is formed between the oxidized
carbohydrate moiety and the active aminooxy group on the activated water-soluble polymer,

and said oxime linkage formation is catalyzed by m-toluidine;

f) a sixth step wherein the conjugation of the activated water-soluble polymer

to the one or more oxidized carbohydrates of the therapeutic protein in the fifth step is
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stopped by the addition of L-cysteine; and wherein the L-cysteine is added to
result in a final concentration of 10 mM, under conditions comprising a time period of 60

minutes, a temperature of 22°C, in the absence of light, and while stirring;
wherein steps a) through ) occur in a single vessel;

wherein said modified therapeutic protein comprises an activated water-
soluble polymer conjugated to the oxidized carbohydrate moiety of said therapeutic protein

through the oxime linkage;

wherein said activated water-soluble polymer contains an active aminooxy
group and is selected from the group consisting of carbohydrate, polyalkylene glycol (PAG),
polyoxazoline, polyacryloylmorpholine, polyvinyl alcohol (PVA), polycarboxylate,
polyvinylpyrrolidone, polyphosphazene, polyethylene-co-maleic acid anhydride, polystyrene-

co-maleic acid anhydride, and poly(1-hydroxymethylethylene
hydroxymethylformal) (PHF); and

wherein said therapeutic protein is a blood coagulation protein.

[0010] In one embodiment, a method of conjugating a water soluble polymer to an
oxidized carbohydrate moiety of a therapeutic protein is provided comprising contacting the
oxidized carbohydrate moiety with an activated water soluble polymer under conditions that
allow conjugation; said water soluble polymer containing an active aminooxy group and is
selected from the group consisting of polyethylene glycol (PEG), branched PEG, PolyPEG®
(Warwick Effect Polymers; Coventry, UK), polysialic acid (PSA ), starch, hydroxyalkyl
starch (HAS), hydroxylethyl starch (HES), carbohydrate, polysaccharides, pullulane,
chitosan, hyaluronic acid, chondroitin sulfate, dermatan sulfate, starch, dextran,
carboxymethyl-dextran, polyalkylene oxide (PAO), polyalkylene glycol (PAG),
polypropylene glycol (PPG), polyoxazoline, polyacryloylmorpholine, polyvinyl alcohol
(PVA), polycarboxylate, polyvinylpyrrolidone, polyphosphazene, polyoxazoline,

polyethylene-co-maleic acid anhydride, polystyrene-co-maleic acid anhydride, poly(1-
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hydroxymethylethylene hvdroxymethylformal) (PHE), Z-methacryloyloxy-2"-
ethyitrimethylarmmoniamphosphate {MPC); and said carbohvdrate moiety oxidized by
incubation with a buffer comprising an oxidizing agent selected from the group consisting of
sodium periodate (NalO4), lead tetraacetate (Pb(OAc)4 ) and potassium perruthenate
(KRnO4); wherein an oxime linkage is formed between the oxidized carbohydrate moiety
and the active aminooxy group on the waler soluble polymer; and wherein said oxime linkage
formation is catalyzed by a nucleophilic catalyst selected from the group consisting of o-
amino benzoic acid, m-amine benzoic acid, p-amino benzoic acid, sulfanilic acid, o-

aminobenzamide, o-tohiidine, m-toluidine, p-toluidine, o-anisidine, m-anisidine, and p-

anistdine.

(00131 In another embodiment, a method of conjugating a water soluble polvmer to an
oxidized carbohydrate motety of a therapeutic protein is provided comprising contacting the
oxidized carbohydrate moiety with an activated water soluble polvmer under conditions that
allow conjngation; said therapeutic protein selected from the group consisting of Factor IX
{(FiX), Factor VI (FVIHD, Factor VHa (FV1la), Yon Willebrand Factor {(VWE), Factor FY
(FV), Factor X (FX), Factor XI (FXI), Factor XTI (FXT1I), thrombin (FI5), p]'otei;‘; ., protein S,
tP A, PAT-1, tissue factor (TH), ADAMTS 13 protease, iL-1 alpha, TL-1 beta, {L.-2, I1.-3, 1L-4,
1L-5, IL-6, IL-11, colony stmulating factor-1 (CSF-1), M-CSE, SCF, GM-CSF, granulocyte
colony stimulating factor (G-CS5F), EPQ, interferon-alpha (IFN-alpha), consensus interferon,
FN-beta, IFN-gamma, E?N»om_aga, W7, 18, 1IL-9, TL-10, T-12, T.-13, - 14, 115, 10-
16, 1-17, 1-18, 1L-19, 31.-20, 1021, TE-22, TL-23, 1L-24, 11.-31, 1L.-372 alpha, JL-33,
thrembopoietin (TPO), Ang-1, Ang-2, Ang-4, Ang-Y, angiopoietin-like polypeptide 1
(ANGPTL1), angiopoietin-like polypeptide 2 (ANGPTL2), angiopoietin-like polypeptide 3
(AMNGPTL3), angiopoietin-fike polypeptide 4 (ANGPTL4), angiopoietin-lile poégllpaptide 5
(ANGPTLS), angiopoietin-like polypeptide 6 (ANGPTLOS), angiopoietin-like polypeptide 7
(AMNGPTLT), vitronectin, vascular endothelial growth factor (VEGF); angicgenin, activin A,
aciivin B, activin C, bone morphogenic protein-1, bone morphogenic protéin@, bone
morphogenic protein-3, bone morphogenic protein-4, bone morphogenic protein-5, bone
morphogemnic protein-6, bone morphogenic protein-7, bone morphogenic protein-§, bone
morphogenic protein-9, bone morphogenic protein-10, bone morphogenic protein-11, bone
morphogenic protein-12, bone morphogenic protein-13, bone morphegenic protein-14, bone
morphogenic protein-15, bone morphogenic protein receptor 1A, bone morphogenic protein

receptor 1B, bone morphogenic protein receptor 11, brain derived neurotrophic factor,



cardiotrophin-1, ciliary nevtrophic factor, ciliary neutrophic factor receptor, cripto, cryptic,
cytokine-induced neutrophil chemotactic factor 1, cytokine-induced neutrophil, chemotactic
factor 2q, cytokine-induced neutrophii chemotactic factor 28, § endothelial cell growth
factor, endothelin 1, epidermal growth factor, epigen, epiregulin, epithelial-derived neutrophil
attractant, fibroblast growth factor 4, fibroblast growth factor 5, fibroblast growth factor 6,
fibroblast growth factor 7, fibroblast growth factor 8, fibroblast growth factor 8b, fibroblast
growth factor 8¢, fibroblast growth factor 9, fibroblast growth factor 10, fibroblast growth
factor 11, fibroblast growth factor 12, fibroblast growth factor 13, fibroblast growth factor 16,
fibroblast growth factor 17, fibroblast growth factor 19, fibroblast growth factor 20, fibroblast
growth factor 21, fibroblast growth factor acidic, fibroblast growth factor basic, glial cell
line-derived neuvtrophic factor receptor al, glial cell line-derived neutrophic factor receptor
0.2, growth related protein, growth related protein o, growth related protein B, growth related
protein v, heparin binding epidermal growth factor, hepatocyte growth factor, hepatocyte
grawth factor receptor, hepatoma-derived growth factor, insulin-fike growth factor I, insulin-
fike growth factor receptor, insulin-like growth factor Tf, insulin-like growth factor binding
protein, keratinocyte growth factor, leukemia inhibitory factor, leukemia inhibitory factor
receptor g, nerve growth factor nerve growth factor veceptor, neuropoietin,neurotrophin-3,
neurotrophin-4, oncostatin M (OSM), placenta growth factor, placenta growth factor 2,
platelet-derived endothelial cell growth factor, platelet derived growth factor, platelet derived
growth factor A chain, platelet derived growih factor AA, platelet derived growth factor AB.
platelet derived growth factor B chain, platelet derived growth factor BB, platelet derived
growth factor receptor g, platelet derived growth factor receptor §3, pre-B cell growth
stimulating factor, stem cell factor (SCF), stem cell factor receptor, TNF, TNF0), TNF1,
TNF2, transforming growth factor g, transforming growth factor §, transforming growth
factor B1, transforming growth factor $1.2, transforming growth factor 2, transiformin g
growth factor 83, transforming growth factor P35, latent transforming growth factor §1,
transforming growth factor P binding protein L transforming growth factor B'bifiding profein
11, transforming growth factor P binding protein }iiI, thyrnic stromal }ymphopo_iﬁ%tm (TsLP},

_ tumor necrosis factor receptor type L tumor necrosis factor receptor type I, u:foiiinasewtype
plasminogen activator receptor, phospholipase-activating protein (PUP), insulin, lectin ricin,
prolactin, chorionic gonadotropin, follicle-stimulating hormone, thyroid-stimul,ziting
hormone, tissue plasminogen activator, IgG, IgE, JgM, TgA, and IgD, a-galactosidase, B-
galactosidase, DN Ase, fetuin, leutinizing hormone, estrogen, nsulin, albumin, lipoproteins,

fetoprotein, transferrin, thrombopoietin, urokinase, integrin, thrombin, lepiin, Humira
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(adalimumab), Prola (denosumab), Enbrel {etanercept), 2 protein in Table 1, or a biologically
active fragment, derivative or variant thereof; said water scluble polymer containing an active
aminooxy group and is selected from the group consisting of polyethylene glycol (PEG),
branched PEG, PolyPEG® (Warwick Lffect Polvmers; Coventry, UK}, polysialic acid (PSA
), starch, hydroxyalkyl starch (HAS), hydroxylethyl starch (HES), carbohydrate,
polysaccharides, pullulane, chitcsan, hvaluronic acid, chondroitin snifate, dermatan selfate,
starch, dextran, carboxymethyl-dextran, polyalicylene oxide (PAQO), polyalkylene glycol
(PAG), polypropylene glycol (PP(G), polyoxazoline, polyacryloyimorpholine, polyvinyt
alcohel (PVA), polycarboxylate, polyvinyipyrrolidone, polyphosphazene, polvoxazoline,
polyethylene-co-maleic acid anhvdride, polystyrene-co-maleic acid anhydrice, poly(1-
hydroxymethylethylene hydroxymethyliormal) (PHE), Z-methacryloyloxy-2’-
ethylirimethylammoniwmphosphate (MPC); and said carbohydrate moiety oxidized by
incubation with a buffer comprising an oxidizing agent selected from the group consisting of
sodium periodate (NalO4), lead tetraacetate (Po(OAc) ) and potassium permuthenate
{(KRuQ4); wherein an oxime linkage is formed between the oxidized carbohydrate moiety
and the active arninooxy group on the water soluble polymer; and wherein in said oxime
linkage formation is catalyzed by a nucleophilic catalyst selected from the group consisting
of o-amino benzoic acid, m-amino benzoic acid, p-amino benzoic acid, sulfanilic acid, o-
aminobenzamide, o-toluidine, m-toluidine, p-tolmidine, o-anisidine, m-anisidine, and p-

amsidine,

[B012]  In still another embodiment, an aforementioned method is provided wherein a
solution comprising an initial concentration of the therapeutic protein between about 0.3
mg/ml and about 3.0 mg/ml is adjusted to a pH value between about 5.0 and about 8.0 prior

to contacting with the activated water soluble polymer.

[(013]  As used herein, the term “about” means a value above or below a siated value. In
various embodiments, the term “about” includes the stated value plus or minus 0.1, 6.2, 0.3,

0.4,0506,07,08,09,1,2,3,4,5,6,7, 8,9 or 10% of the stated value,

[B014]  In et anoihér embodiment, an aforementioned method is provided wherein the

initial concentration of the therapeutic pretein is about 1.0 mg/ml and the pil is about 6.G. In
a related embodiment, the initial concentration of the therapeutic protein is about 0.75 mg/ml
and the pH is about 6.0. In still another related embodiment, , the initial concentration of the

therapeutic protein is about 1.25 mg/ml and the pH is about 6.0,
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[0415]  Inanother embodiment, an aforementioned method is provided wherein the
therapeutic protein is contacted by a desired excess concentration of activated water soluble
polymer, wherein the excess concentration is between about 1-molar and about 300-molar

excess. In another embodiment, the excess concentration is about 30-fold molar excess,

(00161 In still another embodiment, an aforementioned method is provided wherein the
therapeutic protein is incubated with the activated water soluble polymer under conditions
comprising a time period between about 0.5 hours and about 24 hours; a ternperature between
about 2°C and about 37°C; in the presence or absence of light; and with or without stirring,
in another embodiment, the conditions comprise a time period of about 120 minutes, a
temperature of about 22 °C, the absence of light; and with stirring. As used herein, the term
“stirring” is meant to include stirring at various speeds and intensities (e.g., gentle stirrin g) by

commonly used laboratory or rhanufacturing equipment and products.

[BB17]  In another embodiment, an aforementioned method is provided wherein the
aucleophilic catalyst is added in an amount to result in z final concentration between about
1.0 mM and about 50 mM nucleophilic catalyst, under conditions comprising a time period
between about (0.1 minutes and about 30 minutes; 2 temperature between about 2°C and about
37°C; in the presence or absence of light; and with or without stirring. In another
embodiment, the final concentration of the nucleophilic catalyst is about 10 mM, and the
conditions comprise a fime period of up to about 15 minutes, a temperatore of about 22 °C,

the absence of light; and with stirring.

80181 In still another embodiment, an aforernentioned method is provided wherein the
oxidizing agent is added In an amount to resalt in a final concentration between about 50 pM
and about 1000 pM oxidizing agent, under conditions compri.éiﬂ g a time period between
about 0.1 minutes and 120 minutes; a temperature between about 2°C and about 37°C: in the
presence or absence of light; and with or without stirting, In another embodiment, the final
concentration of oxidizing agent is about 400 1M, and the conditions comprise a time period

of about 10 minutes, a temperature of about 22 oC, the absence of light and with stirring.

[6019]  Inyet ano.thef embodiment, an aforementioned method is provided wherein the

conjugating the water soluble polymer to the oxidized carbohydrate moiety of the therapeutic
protein is stopped by the addition of a quenching agent selected from the group consisting of
L-cysteine, methionine, glutathione, glycerol, sodium meta bisulfite (Na25205). tryptophane,

tyrosine, histidine or derivatives thereof, kresol, imidazol, and combinations thereof: wherein



the guenching agent is added in an amount to resuitin a final conceniration between about 1
mM and about 100 mM quenching agent, under conditions comprising a time period between
about 5 minutes and about 120 minutes; a temperatare between about 2°C and about 37°C; in
the presence or absence of light; and with or without stirring. In another embodiment, the
quenching agent is L-cysteine. In still another embodiment, the L-cysteine is added to result
in a final concentration of about 10 mM and the conditions comprise a time period ofabout 60

rinutes, a temperature of about 2200, the absence of light and with stirring.

(60287 In another embodiment, an aforementioned method is provided comprising: a) a
first step comprising adiusting the pH value of a sclution comprising the therapeutic protein
to a pH value betweenabout 5.0 and about 8.0, wherein the therapeutic protein concentration
is between about 0.3 mg/ml and about 3.0 mg/ml; &) a second step comprising oxidizing one
or more carbohydrates on the therapeutic protein, wherein the oxidizing agent 1s added to the
solution in the first step to result in a final concentration between about 50uM and about
1000pM, under conditions comprising a time period between about (0.1 minutes and about
120 minutes; a temperature between about 2°C and about 37°C; in the presence or absence of
Light, and with or without stirring; ¢} a third step comprising contacting the therapeatic
protein with a desired excess concentration of activated waier soluble polymer, wherein the
excess concentration is between about 1-molar excess and about 300-molar excess, under
conditions comprising a time pertod between about 0.5 hours and about 24 hours, a
temperature between about 2°C and about 37°C; in the pressnce or absence of light; and with
or without stirring; d) a fourth step comprising adding a nucleophilic catalyst to the solution
of the third step, wherein the nucleophilic catalyst is added to resuit in a final concentration
between about I mM and about 50 mM, under conditions comprising a time period between
ahout 0.1 minutes and about 30 minutes; a temperatare between about 2°C and about 37°C; .
in the prasencejor absence of light. and with or witheout stirring; e) a fifth step wherein the
therapeutic protein is incubated with the activated water soluble polymer and nucleophilic
catalyst under éondiﬁions that allow coniugation of the activated water-soluble polymer to one
or more oxédizei:d carbohydrates on the therapeutic protein, said conditions comprising a time
period between about (.5 hours and about 24 hours, a temperature between about 2°C and
zbout 37°C; in ?:the presence or absence of light, and with or without stirring; and ) a sixth
step wherein thé conjngating the water soluble polymer to the one or more oxidized
carbéhydrates of the therapeutic protein in the {ifth step is stopped by the addition of a

guenching agent selected from the group consisting of L-cysteine, methionine, ghutathione,



glycerol, Na28205 (sodium meta bisulfite), tryptophane, tyrosine, histidine or derivatives
thereof, kresol, imidazol, and combinations thereof; wherein the quenching agent is added fo
result in a final concenfration of ahout 1 mM and about 100 mM, under conditions
comprising a time period between about 5 minutes and about 120 minutes; a temperature
between about 2°C and about 37°C; in the presence or absence of light, and with or without
stirring. Tn another embodiment, the initial concentration of the therapeutic protein in the
first step is about ! mg/mi and the pH is about 6.0; wherein the final concentration of
oxidizing agent in the second step is about 400 pM, and the conditions in the fifth step
comprise a time period of about 10 minutes, a temperature of about 22 of’, the absence of
light and with stirring; wherein the excess concentration in the third step is about 50 molar
excess; wherein the conditions in the third step comprise a time pericd of about 15 minutes, a
temperature of about 22 °C, the absence of light and with stirring; wherein the finai
concentration of the nucleophilic catalyst in the fourth step is about 10 mM, and the
conditions in the fourth step comprise a time period of about 15 minuvies, a temperature of
about 22 °C, the absence of light and with stirring; wherein the conditions of incubating the
therapeutic protein with the activated water soluble polymer and nuclecphilic catalyst in the
fitth step comprise 4 time period of about 2 hours; a temperature of about 22°C; the absence
of light; and with stirring; and wherein the quenching agent in the sixth step is L-cysteine;
and wherein the L-cysteine is added to resultin a final concentration of about 10 mM and the
conditions in the sixth step comprise a time period of about 60 minutes, a temperature of

about 22 °C, the absence of light and with stirring.

[66217  In ancther embodiment, an aforementioned method is provided wherein the water
soluble polymer is PSA. Tn another embodinment the PSA is comprised of about 10 — 300
sialic acid units. In another embodiment, the water soluble polymer is PEG. In another
embodiment, the water soluble polymer is HES. In still another embodiment, the water

soluble polymer is HAS.

[60221  In siill another embodiment, an aforementioned method is provided wherein the
therapeutic protein is FIX. In another embodiment, the therapeutic protein is FVila. In

another embodiment, the therapeutic protein is FVIIL

[0823] In yet another embodiment, an aforementioned method is provided wherein the

oxidizing agent is sodium periodate (NalO4),

Lo



[8024]  In another embodiment, an aforementioned method is provided wherein the
oxidized carbohydrate moiety of the therapeutic protein is Jocated in the activation peptide of

the blood coagulation protein.

(00251  In one embodiment, an aforementioned method is provided wherein PSA 1s
prepared by reacting an activated aminooxry linker with oxidized PSA; wherein the aminocoxy

linker is selected from the group consisting of:

a) a 3-oxa-pentane-1,5-dioxyamine linker of the formula:

b) 2 3,6,9-trioxa-undecane-1,11-dioxyamine linker of the formuia:
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and

c)a 3,6,9,12,15-penatoxa-heptadecane-1,17-dioxyamine linker of the formula:
.0 O e O O
Hsz \//\NO/’\\/ — \O/\\\/ \/\\O/‘\\/’ “\NHE

[6626]  wherein the PSA is oxidized by incubation with a oxidizing agent to form a
terminal aldehyde group at the non-reducing end of the PSA. In a related embodiment, the

aminooxy linker is 3-oxa-pentane-1,5-dioxyamine.

[06277  In still another embodiment, an aforementioned method is provided wherein the

oxidizing agent is NafO4.

{66281  In another embodiment, an aforementioned method is provided wherein the
nucleophilic catalyst is provided at a concentration between about 1 mM and about 50 mM.
In one embodiment, the nucleophilic catalyst is m-toluidine. In still another embodiment, the

m-toluidine is present in the conjugation reaction at a concentration of about 10 mM.

f00629]  In vet ancther ernbodiment, an aforementioned method is provided further

" comprising the step of reducing an oxime linkage in the conjugated therapeutic protein by
incubating the conjugated therapeutic protein in a buffer comprising a reducing compound
selected from the group consisting of sodium cyanoberohydride (NaCNBH3), ascorbic acad
(vitamin ) and NaBH3. In one embodiment, the reducing compound is sodivm

cyanoborehydride (NaCNBH3).
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(00301  In stil] another embodiment, an aforementioned method is provided further
comprising the step of purifying the conjugated therapentic protein. In another embodiment,
the conjugated therapeutic protein is purified by a method selected from the group consisting
of chromatography, filtration and precipitation. In another embodiment, the chromatography
is selected from the group consisting of Hydrophobic Interaction Chromatography (HIC), fon
Exchange chromatography (IEC), Size exclusion chromatography (SEC), Affinity
chromatography, and Reversed-phase chromatography. In still another embodiment, an anti-
chaotropic salt is used m a chromotagraphy foading step and in a chromatography washing
step. In yet another embodiment, the chromatography takes place in a column. In another
embeodiment, the column comprises a chromatography resin selected from the group
consisting of Phenyl-Sepharose FF and Butyl-Sepharose FF. In another embodiment, the
resin is present in the column af a bed height of between about 5 cm and about 20 cm, In one

mbodiment, the bed height 1s about 10 cm.

100311 In another embodiment, an aforementioned method is provided cormprising one or
more washing steps wherein flow direction is set to up-flow and wherein the flow rate is
between about 0.2 cm/min and about 6.7 cm/min. As used herein, the term “down-flow”
refers to a flow direction from the top of the chromatographic columm to the bottom of the
chromatographic column (normal flow direction / standard mode). As used heyein, the term
“up-flow” refers to a flow direction from the bottom to the top of the column (reversed flow

direction). In one embodiment, the flow rate is about 2 cm/min.

[0032]  In another embodiment, an aforementioned method is provided comprising one or
more elution steps wherein flow direction is set to down-flow and wherein the flow rate is
between about 0.1 cm/min and about 6.7 c/min. In a related emmbodiment, the flow rate is

about 1 cm/min,

(60337  In still another embodiment, an aforementioned method is provided cbmprising
concentrating the conjugated therapeutic protein by ultra-/diafiltration (UF/DE) In another
embodiment, the final concentration of therapentic protein is between about 0.5 and about 3

mg/ml.

60341 In another embodiment, an aforementioned method is provided wheréin the
therapeutic protein comprises between about 5 and about 11 water-soluble polvmer moieties.
In another embodiment, the therapeutic protein comprises between about 1 and about 3

water-soluble polymers.
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[6035]  In still another embodiment, an aforementioned method is provided wherein the
conjugated therapeutic protein is purified using chromatography; wherein an anti-chaotropic
salt is used for a loading step and for a washing step; the method comprising one or more
washing steps wherein flow direction is set {o up-flow and wherein the fiow rate is between
about .2 cn/min and about 6.7 cm/min and one or more elution steps wherein flow direction
is set to down-flow and wherein the ﬂow rate is between about (.2 cm/min andabout 6.7
cm/min; further comprising concentrating the conjugated therapeutic protein by ultra-
fdiafiltration (UT/DE). In another embodiment, the chromato graphy 1s hydrophobic
interaction chromatography (HIC); wherein the one or more washing steps flow rate 1s about

2 em/min; and wherein the one or more elution steps flow rate 1s about 1 cm/min.

[G036] In another embodiment, a modified therapeutic protein produced by any of the

aforementioned methods is provided.

[6037]  In still another embodiment, a method of forming an oxime linkage between an
oxidized carbohvdrate moiety on a therapeutic protein and an activated water soluble polymer
containing an active aminooxy group i provided comprising the steps of: a) oxidizing a
carbohydrate moiety on a therapeutic protein by incubating said protein with an oxidizing
agent selected from the group consisting of sodium periodate (Nal(O4), lead tefraacetate
(PB{OAc ) and potassium perruthenate (KRuO4); and b) forming an oxime linkage between
the oxidized carbohydiate moiety of the therapeutic protein and the activated water soluble
polymer containing an active aminooxy group in the presence of a nuclephilic catalyst under
conditions allowing formation of said oxime linkage; wherein said water soluble polymer
containing an active aminooxy group is selected from the group consisting polyethviene
glyeol (PHG), branched PEG, PolyPEGE (Warwick Effect Polymers: Coventry, UK),
polysialic acid (PSA ), starch, hydroxyalky! starch (HAS), hydroxyiethyl starch (HES),
carbohydrate, polysaccharides, pullulane, chitosan, hyaluronic acid, chondroitin sulfate,
dermatan sulfate, starch, dextran, carboxymethyi-dextran, polvaikylene oxide (PAQ),
polyalkyiene glycol (PAG), polypropylene glycol (PPG), polyoxazoline,
polyacryloylmorpholine, polyvinyl alcohol (PVA), polycarboxylate, polyvinylpyrrolidone,
polyphosphazene, polyoxazoline, polyethylene-co-maleic acid anhydride, polystyrene-co-
maleic acid anhydride, poly(1-hydroxymethylethyiene hydroxymethylformal) (PHE), 2-
methacrylovloxy-2"-ethyltrimeth ylammoniumphosphate (MPC); wherein the nucleophitic

catalyst is selected from the group consisting of o-amino benzoic acid, m-amino benzoic acid,



p-amino benzoic acid, sulfanilic acid, c-aminobenzamide, o-toluidine, m-tohuidine, p-

toluidine, o-anisidine, m-anisidine, and p-anisidine.

[0038]  In yet another embodiment, a method of forming an oxime linkage between an
oxidized carbohydrate moiety on a therapeutic protein and an activated water soluble polymer
containing an active aminooxy group is provided comprising the steps of: a) oxidizing a
carbohydrate moiety on a therapeutic pretein by incubating said protein with an oxidinzing
agent selected from the group consisting of sodinm periodate (Nal04), lead tetraacetaie
(PB{OAC ) and potassium perruthenate (KRuG4), and b) forming an oxime linkage between
the oxidized carbohydrate moiety of the therapeutic protein and the activated water soluble
polymer containing an an active aminooxy group in the presence of a nuclephilic catalyst
under conditions allowing formation of said oxime linkage, wherein the therapeutic protein is
selected from the group consisting of Factor IX (FIX), Factor VII (FVIID, Factor VIIa
(F¥1la), Yon Willebrand Factor (VWF), Factor ¥V (FV), Factor X (FX), Factor XTI (FXD),
Factor XII (FX1l), thrombin (FID), protein C, protein S, tPA, PAI-1, tissue factor
(TH),ADAMTS 13 protease, IL-1 alpha, I1-1 beta, IL-2, ILL-3, IL-4, 1L-5, 1L.-6, 1L-11, colony
stimulating factor-1 (CSE-1), M-CSE, SCF, GM-CSF, granulocyte colony stimulating factor
(G-C5F), EPO, interferon-alpha (IFN-alpha), consensus interferon, IFN-beta, IFN-gamma,
IFN-omega, 1£.-7, IL-8, IL-9, IL-10, IL-12, - 13, 1L-14, 115, TL-16, 1L-17, 1118, 1L-19,
IL-20, H-21, 122, TL-23, 31-24, 11-3 1, 1.-32 alpha, H.-33, thrombopoietin (TP0), Ang-1,
Ang-2, Ang-4, Ang-Y, angiopoietin-tike polypeptide 1 (ANGPTLI), angiopoietin-like
polypeptide 2 {ANGPTLL), angiopoietin-like polypeptide 3 (ANGPTL.3), angiopoietin-like
polypeptide 4 (ANGPTLA), angiopoietin-like poltypeptide 5 (ANGPTLS), angiopoietin-like
polypeptide 6 (ANGPTLE), angiopoietin-like polypeptide 7 (ANGPTLT), vitronectin,
vascular endotheltal growth factor (VEGF), angiogenin, aclivin A, activin B, activin C, bone
morphogenic protein-1, bone morphogenic protein-2, bone morphogenic protein-3, bone
morphogenic protein-4, bone morphogenic protein-5, bone morphogenic protein-6, bone
morphogenic protein-7, bone morphogenic protein-8, bone morphogenic protein-9, bone
morphogenic protein-10, bone morphogenic protein-11, bone morphogenic protein-12, bone
morphogenic protein-13, bone morphogenic protein-14, bone morphogenic protein-15, bone
morphogenic protein receptor 1A, bone morphogenic protein receptor 1B, bone morphogenic
protein receptor 11, brain derived nearotrophic factor, cardiotrophin-1, ciliary nevtrophic
factor, ciliary n_euu:ophié factor recepior, cripto, cryptic, eytokine-induced neutrophil

chemotactic factor 1, cytokine-induced neutrophil, chemotactic factor 2a, cytokine-induced



pentrophil chemotactic factor 28, f endothelial cell growth factor, endothelin 1, epidermal
growth factor, epigen, epiregulin, epithelial-derived neutrophil attractant, fibroblast growth
factor 4, fibroblast growth factor 3, fibroblast growth factor O, fibroblast growth factor 7,
fibroblast growth factor 8, fibroblast growth factor 8D, fibroblast growth factor 8c, fibroblast
growth factor 9, fibroblast growth factor 10, fibroblast growth factor 11, fibroblast growth
factor 12, fibroblast growth factor 13, fibroblast growth factor 16, fibroblast growth factor 17,
{ibroblast growth factor 19, fibroblast growth factor 20, fibroblast growth factor 21, fibroblast
growth factor acidic, fibroblast growth factor basic, glial cell Hne-derived neutrophic factor
receptor al, glial cell line-derived neutrophic factor recepior @2, growth related protein,
growth related protein o, growth related protein B, growth related protein v, heparin binding
epidermal growth factor, hepatocyte growth factor, hepatocyte growth factor receptor,
hepatoma-derived growth factor, insulin-like growth factor 1, insulin-like growth factor
receptor, insulin-like growth factor I, insulin-like growth factor binding protein, keratinocyte
growth factor, leukernia inhibitory factor, leukernia inhibitory factor receptor o, nerve growth
factor nerve growth factor receptor, neuropoietin,neurotrophin-3, newrotrophin-4, oncostatin
M (OSM), placenta growth factor, placenta growth factor 2, platelet-derived endothelial cell
growth factor, platelet derived growth factor, platelet derived growth factor A chain, platelet
derived growth factor AA. platelet derived growth factor AB, platelet derived growth factor
B chain, platelet derived growth factor BB, platelet derived growth factor receptor g, platelet
derived growth factor receptor B, pre-B cell growth stirnulating factor, stem cell factor (5CF),
stem cell factor receptor, TNF, TMEQ, TNFL, TINEZ, transforming growth factor o,
transforming growth factor B, ransforming growth factor Bl, ransforming growth factor
[1.2, transforming growth factor B2, transforming growth factor 3, trapsforming growth
factor p5, latent transforming growth factor B1, transforming growth factor { binding protein
1, transforming growth factor f binding protein 11, transforming growth factor P binding
protein IIT, thymic stromal lymphopoietin (TSLP), famor necrosis factor receptor type L,
tumor necrosis factor receptor type 11, urckinase-type pla.smj_ﬂogen' activator receptor,
phospholipase-activating protein (PUP), insulin, lectin ricin, _pz‘oia.ctiﬁﬂ cherionic
gonadotropin, follicle-stimulating hormone, thyroid- stimulating hormone, tissue plasminogen
activator, Te(3, TgE, 1M, IgA, and 1gD, o-galactosidase, R-galactosidase, DNAse, fetuin,
lentinizing hormone, estrogen, insulin, albumin, lipoproteins, fetoprotein, transferrin,
thrombopoietin, urckinase, integrin, thrombin, ieptin, Humira (adalimumab), Prolia
(denosnmab), Enbrel (etanercept), a protein from Table 1, or a biologically active fragment,

derivative or variant thereof; wherein said water soluble polymer containing an active
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aminooxy group is selected from the group consisting of polyethylene glycol (PEG),
branched PEG, PolyPEG® (Warwick Effect Polymers; Coventry, UK), polysialic acid (PSA
), starch, hydroxyalkyl starch (HAS), hydroxylethy! starch (HES), carbohydrate,
polysaccharides, pullulane, chitosan, hyaluronic acid, chondroitin sulfate, dermatan suifate,
starch, dextran, carboxymethyi-dextran, polyalkylene oxide (PAQ), polyalkylene glycol
(PAG), polypropylene glveol (PPG), polyoxazoline, pelyacryloylmorpholine, polyvinyl
aleohol (PV A}, polvearboxylate, polyvinyipyrrolidone, polyphosphazene, polyoxrazoline,
polyethylene-co-maleic acid anhydride, polystyrene-co-maleic acid anhydride, poly(1-
hydroxymethylethylene hvdroxymethyiformal) (PHI), 2-methacryloyloxy-2’-
ethyltrimethvlammoninmphosphate (MPC); wherein the nucleophilic catalyst is selected from
the group consisting of o-amine benzole acid, m-amino benzoic acid, p-amine benzoic acid,
sulfanilic acid, o-aminobenzamide, o-toluidine, m-toluidine, p-toluidine, o-anisidine, m-

anisidine, and p-anisidine.

[B0397  In yel another embodiment, a method of forming 2 hydrazone linkage between an
oxidized carbohydrate moiety on a therapeutic protein and an activated water soluble polymer
containing an active hydrazide group is provided comprising the steps of) a) oxidizing a
carbohydrate moiety on a therapeutic protein by incubating sazid protein with an oxidinzing
agent selected from the group consisting of sodivm pericdate (NalO4), lead tetraacetate
{(Fb(OAc)4) and potassium perruthenate {(KRu(G4); and b} forming a hydrazone linkage
between the oxidized carbohydrate moiety of the therapeutic protein and the activated water
sofuble polymer containing an an active hydrazide group in the presence of a nuclephilic
catalyst under conditions allowing formation of said hydrazone linkage; wherein said wafer
sotuble polymer containing an active hydrazide group is selected from the group consisting of
polyethylene glycol (PEG), branched PEG, PolyPEG® (Warwick Effect Polymers: Coventry,
- UKD, polysialic acid (PSA ), starch, hydroxyalkyl starch (HAS), hydroxvylethyl starch (HES),
carbohydrate, polysaccharides, puliulane, chitosan, hyahironic acid, chondroitin sulfate,
dermatan sulfate, starch, dextran, carboxymethyi-dextran, polvalkylene oxide (PAO),
polyalkvlene glyeol (PAG), polypropylene glycol (PPG), polyoxazoline,
polyacryloyimorpholine, poiyvin.yl alcohol {(PV A}, polycarboxylate, polyvinylpyrrolidone,
polyphosphazene, polyoxazoline, pelyethylene-co-maleic acid ashydride, polystyrene-co-
maleic acid anhydride, poly(1-hydroxymethylethylene hvdroxymethylformal) (PHE), 2-
methacryloyloxy-2"-ethyltrimethylammoniumphosphate (MPC); wherein the nucleophilic

catalyst is selected from the group consisting of o-amino benzoic acid, m-amino benzoic acid,
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p-amino benzoic acid, sulfanilic acid, o-aminobenzamide, o-toluidine, m-toluidine, p-

totuidine, o-anisidine, m-anisidine, and p-anisidine.

(00401  In another embodiment, a method of forming a hydrazone linkage between an
oxidized carbohydrate moiety on a therapeutic protein and an activated water soluble polymer
containing an active hydrazide group comprising the steps of: a) oxidizing a carbohydrate
moiety on a therapeutic protein by incubating said protein with an oxidinzing agent selected
from the group consisting of sodivm periodate (Nal(04), lead tetraacetate {Pb(OAcH) and
potassium perrathenate (KRu(Q4); and b) forming a hydrazone linkage between the oxidized
carbohydrate moiety of the therapeutic protein and the activated water soluble polymer
containing an an active hydrazide group in the presence of a nuclephilic catalyst under
conditions allowing formation of said hydrazone linkage; wherein the therapeulic protein is
selected from the group consisting of Factor IX (FIX), Factor VI (FVIII), Factor Via
(FVila), Von Willebrand Factor (VWF), Factor FV (FV), Factor X (FX)), Factor X1 (FX1),
Factor XII (FXID), thrombin {FI), protein C, protein S, tPA, PAI-1, tissue factor
(TF),ADAMTS 13 protease, 1L- 1 alpha, 1L-1 beta, 1L-2, 1L.-3, 1L-4, TL-5, 11L.-6, IL-11, colony
stimulating factor-1 (CSF-1), M-USF, SCF, GM-CSF, granulocyte colony stimulating factor
(G-CSF), EPO, interferon-alpha (IFN-aipha), consensus interferon, IFN-beta, IFN-gamma,
WFN-omega, I-7, 11-8, IL-9, 1L-10, IL~12, IL-13, TL-14, 1L-15, IL-10, 1L-17, IL-18, HL-19,
1L-20, T-21, 1122, 11-23, 1L-24, 10-31, 1-32 aipha, {L-33, thrombopoietin (170), Ang-1,
Ang-2, Ang-4, Ang-Y, angiopoietin-like polypeptide 1 (ANGPTLL), anglopoietin-like
polypeptide 2 {ANGPTL2), angiopoietin-like polypeptide 3 (ANGPTL3), angiopoictin-like
polypeptide 4 (ANGPTLA), an gii,opo'i,etin—'é’:kc‘: polvpeptide 5 (ANGPTLS), angiopoietin-like
polypeptide 6 (ANGPTLS), angiopoietin-iike polypeptide 7 (ANGPTL7), vitronectin,
vascular endothelial growth factor (VEGE), angiogenin, activin A, activin B, activin C, bone
rnorphogenic protein-1, bone morphogenic protein-Z, bone morphogenic protein-3, bone
morphogenic protein-4, bone morphogenic protein-3, bone morphogenic protein-6, bone
morphogenic protein-7, bene morphogenic pz‘of@im»& bone morphogenic protein-9, bone
morphogenic protein-10, bone morphogenic protein-11, bone morphogenic protein-12, bone
morphogenic protein-13, bone morphogenic protein-14, bone morphogenic protein-15, bone
morphogenic protein receptor 1A, bone morphogenic protein receptor IB, bone morphogenic
protein receptor II, brain derived neurotrophic factor, cardiotrophin-1, ciliary neutrophic
factor, ciliary neutrophic factor receptor, cripto, cryptic, cytokine-induced neutrophil

chemotactic factor 1, eytokine-induced nevtrophil, chemotactic factor 2o, cytokine-induced



neutrophil chemotactic factor 2P, p endothelial cell growth factor, endothelin 1, epidermal
growth factor, epigen, epiregulin, epithelial-derived neutrophil aifractant, fibroblast growth
factor 4, fibroblast growth factor 3, fibroblast growth factor 6, fibroblast growth factor 7,
fibroblast growth factor §, fibroblast growth factor &b, fibroblast growth factor 8¢, fibroblast
growth factor 9, fibroblast growth factor 10, fibroblast growth factor 11, fibroblast growih
factor 12, fibroblast growth factor 13, fibroblast growth factor 16, fibroblast growth factor 17,
fibroblast growth factor 19, fibroblast growth factor 20, fibroblast growth factor 2 1, fibreblast
growth factor acidic, fibroblast growth factor basic, glial cell line-derived neutrophic factor
receptor al, glial cell line-derived 11&%utrophic.fact01‘ receptor 02, growth related protein,
growth related protein o, growth related protein 3, growth related protein v, heparin binding
epidermal growth factor, hepatocyte growth factor, hepatocyte growth factor receptor,
hepatoma-derived growth factor, insulin-like growth factor 1, insulin-like growth factor
receptor, insulin-like growth factor Ii, insulin-like growth factor binding protein, keratinocyte
growth factor, leukemia inhibitory factor, leukemia inhibitory factor receptor o, nerve growth
factor nerve growth factor receptor, newropoietin,neurotrophin-3, neurotrophin-4, oncostatin
M {OSM), placenta growth factor, placenta growth factor 2, platelet-derived endothelial cell
growth factor, platelet derived growth factor, platelet derived growth factor A chain, platelet
derived growth factor AA, platelet derived growth factor AB, platelet derived growth factor
B chain, platelet derived growth factor BB, platelet derived growth factor receptor o, platelet
derived growth factor receptor B, pre-B cell growth stimmulating factor, stem cell factor (5CH),
stems cell factor receptor, TNE, TNEQ, TNF1, TNEZ, transforming growth factor a,
transforming growth factor B, ransforming growth factor 1, transforming growth factor
1.2, transforming growth factor B2, transfonming growth factor 3, transforming growth
factor B3, latent transforming growth factor 81, transforming growth factor § binding protein
1, transforming growth factor f§ binding protein 11, transforming growth factor B binding
protein Iil, thymic stromat Iymphopoietin (TSLP), tamor necrosis factor réceptor type L
turnor necrosis factor receptor type. il uro’]_{ina&;e-tj(pé plasminogen activator receptor,
phospholipase-activating protein (PUP), insulin, lectin ricin, prolactin, chorionic
conadotropin, follicle-stimulating hormone, thyroid-stimulating hormone, tissue plasminogen
asctivator, 1g(G, Igfi, IgM, IgA, and IgD, a-galactosidase, p-galactosidase, DNAse, fetuin,
teutinizing hormone, estrogen, insulin, alburnin, Hpoproteins, fetoprotein, transferrin,
thrombopoietin, urokinase, integrin, thrombin, leptin, Humira {adalimumab), Prolia
(denosumnab), Enbrel (etanercept), a protein from Table 1, or a biologically active fragment,

derivative or variant thereof; wherein said water soluble polymer containing an active
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hydrazide group is selected from the group congisting of polyethylene giycol (PEG),
branched PEG, PolyPEG® (Warwick Effect Polymers; Coventry, UK), polysialic acid (PSA
y, starch, hydroxyalkyl starch (HAS), hydroxylethy! starch (HES'), carbohydrate,
polysaccharides, pullulane, chitosan, hyaluronic acid, chondroitin sulfate, dermatan sulfate,
starch, dextran, carboxymethyl-dextran, polyalkylene oxide (PAQ), polyalkylene glycol
(PAG), polypropylene glycot (PPG), polyoxazoline, polyacryloyimorpholine, polyvinyl
alcohol (PVA), polycarboxylate, polyvinylpyrrolidone, polyphosphazene, polyoxazoline,
polyethylene-co-maleic acid anhydride, polystyrene-co-maleic acid anhydride, poly(1-
hydroxymethylethylene hydroxymethylformal) (PHE), 2-methacryloyloxy-2'-
ethylirimethylammoniumphosphate (MPC); wherein the nucleophilic catalyst is selected from
the group consisting of o-amino benzoic acid, m-amino benzoic acid, p-amino benzoic acid,
sulfanilic acid, o-aminobenzamide, o-toluidine, mi-toluidine, p-toluidine, o-anisidine, m-

anisidine, and p-anisidine.

(06411  In another embodiment, an aforementioned method is provided wherein the water
soluble polymer containing an active aminooxy group is prepared by a method comprising:
incubating a solution comprising an oxidized water-soluble polymer with an activaied
aminooxy linker comprising an active aminooxy group under conditions that allow the
formation of a stable oxime linkage between the oxidized water-soluble polymer and the
activated aminooxy linker, said conditions comprising a fime period between about I minute
and about 24 hours; a temperature between about 2°C and about 37°C; in the presence or
absence of light, and with or without stirring; thereby forming 2 water soluble polymer
containing an active amincoxy group; and b} purifying the water soluble polymer containing
an active aminocoxy group by a method selected from the group consisting of
chromatography, filtration and precipitation. The term “activated water-soluble polymer”

referes, in one embodiment, to 2 water-soluble polyer containing an aldehyde group.

[0042] In vet another embodiment, an aforementioned method is provided wherein the
water soluble polymer containing an active aminooxy group is prepared by a method
comprising: a) incubating a solution comprising an oxidized water-soluble polymer with an
activated aminooxy linker comprising an active aminooxy group under conditions that allow
ihe formation of a stable oxime linkage between the oxidized water-soluble poiymer and the
activated aminooxy linker, said conditions comprising a time period belween about 1 mimte
and about 24 hours; a temperature between about 2°C and about 37°C; in the presence or

ahsence of light, and with or without stirring; thereby forming & water soluble polymer

Sig.



containing an active aminooxy group; b) incubating a solution comprising the water soluble
polymer containing an active aminooxy group of step aj with a reducing agent under
conditions that aflow the formation of a stable alkoxamine linkage between the oxidized
water-soluble polymer and the activated aminooxy linker., said conditions comprising a time
period between about I minute and about 24 hours; a temperature between about 2°C and
about 37°C; in the presence or absence of light; and with or without stirring; and ¢) purifying
the water soluble polymer containing an active aminooxy group by a method selected from

the group consisting of chromatography, filtration and precipitation.

100431 In still another embodiment, an aforementioned method is provided wherein the
water soluble polymer containing an active aminooxy group is prepared by a method
comprising: &) incubating a solution comprising an oxidized water-soluble polymer with an
activated aminooxy linker comprising an active aminooxy group under conditions that allow
the formation of a stable oxime linkage between the oxidized water-soluble polymer and the
activated aminooxy linker, said conditions comprising a time period between about i minute
and about 24 hours; a temperatire between about 2°C and about 37°C; in the presence or
absence of light, and with or without stirring; thereby forming a water soluble polymer
containing an active aminooxy group; b) incubating a sclution comprising the water soluble
polymer containing an active aminooxy group of step a) with a nucleophilic catalyst under
condijtions comprising a time period between 1 minate and 24 hours; a temperature between
2°C and 37°C; in the presence or absence of light; and with or without stirring; and )
purifying the water soluble polymer containing an active aminooxy group by a method

selected from the group consisting of chromatography, filtration and precipitation.

(00441 In- yet another embodirnent, an aforementioned method is provided wherein the
water soluble polymer contai.niﬁg an active aﬁn'inooxy group is prepared by a method
comprising: a) incubating a solution comprising an oxidized water-soluble polymer with an
activated aminooxy linker compr.is.ing an active aminooxy group under conditions that allow
the formation of a stable oxime linkage between the oxidized water-soluble polymer and the
activated aminooxy linker, said conditions comprising a time peried between about I minute
and about 24 hours; a temperature between about 2°C and about 37°C; in the presence or
absence of light, and with or without stirring; thereby forming a water soluble polymer
containing an active aminooxy group; b) incubating a solution comprising the water soluble
polymer containing an active aminooxy group of siep a) with a nucleophilic catalyst vnder

conditions comprising a time period between 1 minute and 24 hours; a temperature between



2°C and 37°C; in the presence or absence of light; and with or without stirring; ¢) incubating
a solution comprising the water soluble polymer containing an active aminooxy group of step
1) with a reducing agent under conditions that allow the formation of a stable alkoxamine
linkage between the oxidized water-soluble polymer and the activated aminooxy linker., said
conditions comprising a time period between about 1 minute and about 24 heurs; a
temperature between about 2°C and about 37°C; in the presence or absence of light; and with
or without stirring; and d) purifying the water soluble polymer containing an active aminooxy
group by 2 method selected from the group consisting of chromatography, filtration and
precipitation.

[0045]  In another embodiment, an aforementioned method is provided wherein the
oxidized water soluble polymer is selected from the group consisting of polyethylene giycol
(PEG), branched PEG, PolyPEG® (Warwick Effect Polymers; Coventry, UK}, polysialic
acid (PSA), starch, hydroxyalkyl starch (HAS), hydroxylethyl starch (HES), carbohydrate,
polysaccharides, pullulane, chitosan, hyaluronic acid, chondroitin sulfate, dermatan sulfate,
starch, dextran, carboxymethyi-dextran, polyalkylene oxide (PAG), polyalkylene glycol
(PACH), polypropylene giycol (PPG), polyoxazoline, polyacryloylmorpholine, polyvinyl
alcohel (PVA), polycarboxylate, polyvinyipyrrolidone, polyphosphazere, polyoxazoline,
polyethylene-co-maleic acid anhydride, polystyrene-co-maleic acid anhydride, poly(l-
hydroxymethylethylene hydroxymethylformal) (PHE), 2-methacryloyloxy-2’-
ethyltrimethylammoniumphosphate (MPC), and wherein said water-soluble polymer is
oxidized by incubation with a oxidizing agent to form a terminal aldehyde group at the non-
reducing end of the water-soluble polymer. Inone ernbodiment, the water-soluble polymer is

P5A.

100461 In another embodiment, an aforernentionad method is provided wherein the

oxidizing agent is NalGd.

[8047]  Tn still another embodiment, an aforementioned method is provided wherein the

aminooxy linker is selected from the group consisting of:

a) 2 3-oxa-pentane- 1, 5-dioxyamine linker of the formula;
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b) a 3,6,9-trioxa-undecane-1,11-dioxyamine linker of the formuia:
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and

cya 3,6,9,12,15-penatoxa-heptadecane-1,17-diox yamine linker of the formula:

2

[0048]  In yet another embodiment, an aforementioned method is provided wherein the
reducing agent is selected from the group consisting of sodium cyanoborohydride
(NaC’NBH3), ascorbic acid (vitamin C) and NaBH3. In one embodiment, the reducing agent

18 sodium cyanoborohydride (NaCNBH3),

(0849}  In another embodiment, an aforementioned method is provided wherein the
nucleophilic catalyst is selected from the group consisting of o-amino benzoic acid, m-amino
henzoic acid, p-amino benzoic acid, sulfanilic acid, o-aminobenzamide, o-toluidine, m-
toluidine, p-toluidine, o-anisidine, m-anisidine, and p-anisidine. In one embodiment, the
nucleophilic catalyst is m-toluidine. In another ernbodiment, the nucleophilic catalyst is
added in an amoent to result in a final concentration between about 1.0 mM and about 50

mM nucleophilic catatyst.

[B056]  In another embodiment, an aforementioned method is provided further comprising

concentrating the conjugated therapeutic protein by ulira~/diafiltration (UF/DEF).

FIGURES
[G051] Figure 1 shows the primary structure of coagulation Factor [X (SEQ ID NO: 1).
[0052]  Figure 2 shows the coupling of oxidized rFIX to aminooxy-PSA.
[B353]  Figure 3 shows the synthesis of the water soluble di-aminoxy linkers 3-oxa-
pentane-1,5-dioxyamine and 3,6,9-ioxa-undecane-1,1 I-dioxyamine.
[6254] Figure 4 shows the preparation of aminooxy-PSA.
[G055]  Figure 5 shows the vispatization of PSA-FIX conjugates prepared in the presence of
different catalysts by SD5 PAGE. a) Comparison of aniline with m-toluidine using different

concentrations; by Comparison of aniline with o-aminobenzoic acid, m-aminobenzoic acid,



p-aminobenzoic acid, p-amincbenzamide and sulfanilic acid; ¢) Comparison of aniline and

m-toluidine with o-anisidine and m-anisidine.
[0056]  Figure 6 shows percent of polysialylation with various nucleophilic catalysts.
DETAILED DESCRIPTION OF THE INVENTION

[6057]  The pharmacological and immmunological properties of therapeutic proteins can be
improved by chemical modification and conjugation with polymeric compounds such as
polyethylene glycol (PEG), branched PEG, polysialic acid (PSA), hydroxyalkyl starch
(HAS), hydroxylethyl starch (HES), carbohydrate, polysaccharides, pullulane, chitosan,
hyaluronic acid, chondroitin sulfate, dermatan suifate, starch, dextran, carboxymethyl-
dextran, polyalkylene oxide (PAO), polyalkylene glyeol (PAG), polypropylene glycol (PPG),
polyozazoline, polyacryloylmorpholine, polyvinyl alcohol (PVA), polycarboxylate,
polyvinylpyrrolidone, polyphosphazene, polyoxazoline, polyethylene-co-rnaleic acid
anhydride, polystyrene-co-maleic acid anhydride, poly(i-hydroxymethylethylene
hydroxymethyltormal) (PHE), 2-methacryloylox y-2 -ethylirimethylammoniumphosphate
(MPC). The properties of the resulting conjugates generally strongly depend on the structure
and the size of the polymer, Thus, polymers with a defined and narrow size distribution are
usually preferred in the art. Synthetic polymers like PEG can be manuiactured easily with a
narrow size distribution, while PSA can be purified in such a manner that results in a final
PSA preparation with a narrow size distribution. In addition PEGylation reagents wiih
defined polymer chains and narrow size distribution are on the market and commercially

available for a reasonable price.

[0658]  The addition of a soluble polymer, such as through polysialylation, is one approach
to improve the properties of therapeutic proteins such as the blood coagulation protein FIX,
as well as other coagulation proteins (e.g., VWE, FVila (see, e.g., US 2008/0221032A1,

incorporated herein by reference) and FY .
THERAPEUTIC PROTEINS

[60:59]  In certain embodiments of the invention, the aforementioned polypeptides and
volynucleotides are exempiified by the following therapeutic proteins: enzymes, antigens,
antibodies, receptors, blood coagulation proteins, growth factors, hormones, and ligands. In
certain embodiments, the therapeutic protein is a blood coagulation protein such as Factor IX
(FIX), Factor VI (FVIID), Factor Viia (FVIia), Von Willebrand Factor (VW ), Factor ¥V
(FV), Factor X (FX), Factor XT (FX1), Factor XU (FX1), thrombin (Fi), protein C, protein S,

0o



tPA, PAT-1, tissue factor (TF) or ADAMTS 13 protease. In one embodiment, a therapeutic
protein according to the invention is a glycoprotein or, in varjous embodiments, a protein that
is not naturally glycosylated in vivo (i.e., a protein that does not contain a natural

glycosylation site or a protein that is not glycosylated in a host cell prior to purification).

(00601 In certain embodiments, the therapeutic protein is immunoglobulins, cytokines such
1L-1 alpha, [L-1 beta, 1L-2, IL-3, IL-4, IL-5, TL-6, TL.- 11, colony stimulating factor-1 (C5F-
1), M-CS8F, SCF, GM-CSF, granulecyte colony stimulating factor (G-CSF), EPO, interferon-
aipha (IFN-alpha), consensus interferon, IFN-beta, IFN-gamma, HFN-omega, 11.-7, IL-8, IL-
g, 1.-10, IL-12, TL-13, TL-14, 1L-15, IL-16, TL-17, 1-18, IL-19, [L-20, TL-2%, 1L-22, TL-23,
1.-24, IL-31, [L-32 alpha, 1L-33, thrombopoietin (TPO), anglopoietins, for example Ang-1,
Ang-2, Ang-4, Ang-Y, the human angiopoietin-like polypeptides ANGPTL1 through 7,
vitronectin, vascular endethelial growth factor (VEGE), anglogenin, activin A, activin B,
activin C, bone morphogenic protein-1, bone morphogenic protein-2, bone morphogenic
protein-3, bone morphogenic protein-4, bone morphogenic protein-5, bone morphogenic
protein-6, bone morphogenic protein-7, bone morphogenic protein-§, bone morphogenic
protein-Y, bone morphogenic protein-10, bone morphogenic protein-11, bone morphogenic
protein-12, bone morphogenic protein-13, bone morphogenic protein-14, bone morphogenic
protein-15, bene morphogenic protein receptor 1A, bone morphogenic proiein receptor IB,
bone morphogenic protein receptor IT, brain derived neurotrophic factor, cardiotrophin-1,
ciliary neutrophic factor, ciliary neuirophic factor receptor, eripto, cryptic, cytokine-induced
neutrophil chemotactic factor 1, cytokine-induced neutrophil, chernotactic factor 2a,
cytokine-induced neutrophil chemotactic factor 28, § endothetial cell growth factor,
endothelin 1, epidermal growth factor, epigen, epiregulin, epithelial-derived neutrophil
attractant, fibroblast growth factor 4, fibroblast growth factor 5, fibroblast growth factor 0,
fibroblast growth factor 7, fibroblast growth factor 8, fibroblast growth factor 8b, fibroblast
growth factor 8¢, fibroblast growth factor 9, fibroblast growth factor 10, fibroblast growth
factor 11, fibroblast growth factor 12, fibroblast growth factor 13, fibroblast growth factor 16,
fibroblast growth factor 17, fibroblast growth factor 19, fibroblast growth factor 20, fibroblast
growth factor 21, fibroblast growth factor acidic, fibroblast growth factor basic, glial cell
line-derived neutrophic factor receptor a1, ghial cell line-derived neutrophic factor receptor
o2, growth related protein, growth related protein ¢, growth related protein B, growth related
protein vy, heparin binding epidermal growth factor, hepatocyte growth factor, hepatocyte

erowth factor receptor, hepatoma-derived growth factor, insulin-like growth factor I, insulin-

3
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like growth factor receptor, insuiin-like growth factor I, insulin-like growth factor binding
protein, keratinocyte growth factor, leukemia inhibitory factor, leukemia inhibitory factor
receplor o, nErve growth factor nerve growth factor receplor, rie‘m‘opoéetin,nemefroph‘in-3,
neurotrophin-4, oncostatin M (OSM), placenta growth factor, placenta growth factor 2,
platelet-derived endothelial cell erowth factor, platelet derived growth factor, platelet derived
growth factor A chain, platelet derived growth factor AA, platelet derived growth factor AB,
plateiet derived growth factor B chain, platelet derived growth factor BB, platelel derived
growth factor recepior o, platelet derived growth facter receptor [3, pre-B cell growth
stirmulating factor, stem cell factor (SCE), stem cell factor receptor, TNE, including TNEC,
TNEL, TNT2, transforming growth factor «, ransforming growth factor B, transforming
growth factor B1, transforming growth factor BL.2, transforming growth factor B2,
transforming growth factor B3, transforming growth factor 55, latent transforming growth
factor 81, ransforming growth factor § binding protein L, transforming growth factor
binding protein 11, transforming growth factor § binding protein I, thymic stromal
Iymphopoietin (TSLP), tumor necrosis factor receptor type I, turmor necrosis factor receptor
type H, urokinase-type plasminogen activater receptor, vascular endothelial growth factor,

and chimeric proteins and biclogically or immunologically active fragments thereof.

(08611 In certain embediments, the therapeutic protin 1s alpha-, beta-, and gamma-
interferons, colony stimulating factors including granulocyte colony stimulating factors,
fibroblast growth factors, platelet derived growth {actors, phospholipase-activating protein
(PUP), insulin, plant proteins such as lectins and ricins, tumor necrosis factors and related
alleles, sotuble forms of tumor necrosis factor receptors, interleukin receptors and soluble
forms of interleukin receptors, growth factors such as tissue growth factors, such as TGFas or
TGEPs and epidermal growth factors, hormones, somatomedins, pigmentary hormones,
hypothalamic releasing factors, antidiuretic hormones, prolactin, chorionic gonadotropin,

- follicle-stimulating hormone, thyroid-stimulating hormone, tissue plasminogen activator, and
immunoglobuling such as 1eG, IgE, 1gM, IgA, and IgD, a galactosidase, o-galactosidase, B-
galactosidase, DNAse, fetnin, leutinizing hormone, estrogen, corticosteroids, insulin,
albumin, lipoproteins, fetoprotein, iransterrin, thrombopoletin, urckinase, DNase, integrins,
thrombin, hematopoietic growth actors, leptin, glycosidases, Humira (adalimumabj, Prolia
(denosumab), Enbrel {(etanercept), and fragments thereof, or any fusion proteins comprising

any of the above mentioned proteins or fragments thereof. In addition fo the aforementioned

oy



proteins, the following Table 1 provides therapeutic proteins contemplated by the present

invention:
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[0062] 'The therapeutic proteins provided herein should not be considered to be exclusive.
Rather, as is apparent from the disclosure provided berein, the methods of the invention are
applicable to any protein wherein attachiment of a water soluble polymer is desired according
to the invention, For example, therapeutic profeins are described n US 2007/0026485,

incorporated herein by reference in its entirety.
Blood coagulation proteins

[00631  In one aspect, the starting material of the present invention is a blood coagulation
protein, which can be derived from human plasma, or produced by recombinant engineesing
techniques, as described in patents U S Patent No. 4.757.006; US Patent No. 5,733.873; US
Patent No. 5,198.349: US Patent No. 5,250,421; US Patent No. 5,919,766, and EP 306 968.

[#064] Therapeutic pelypeptides such as blood coagulation proteins including Factor IX
(FDX), Factor VI (FVIID), Factor Vila (FVHia), Von W iflebrand Factor (VWE), Factor FV
(FV), Factor X (FX)}, Factor X1 (FX1), Factor XTI (FXID), thrombin (FI1), protein €, protein 5,
PA, PALI, tissue factor (TF) and ADAMTS |3 protease are rapidly degraded by proteolytic
enzymes and neutralized by antibodies. This reduces their half-life and circulation time,
thereby limiting their therapeutic effectiveness. Relatively high doses and {requent
administration are necessary (o reach and sustain the desired therapeutic or prophylactic
effect of these coagulation proteins, As a consequence, adequate dose regulation is difficult
to obtain and the need of frequent intravenous administrations impaoses restrictions on the

patient’s way of living.

[8065]  As described herein, blood coagulation proteins including, but not limited to, Factor
X (BIX), Factor VII (FVIIE), Factor Vila (FVIia), Von Willebrand Factor (VWFE), Factor
FY (FV), Factor X (F30, Factor X1, Factor 3L (FXID), thrombin (FII), protein C, protein S,
fPA, PAT-1, tssue factor (TF) and ADAMTS 13 protease are contemnplated by the invention,
As used herein, the term “blood coagulation protein” refers to any Factor I {FEX), Factor
VII (FVIID), Factor VIla (FV1la), Yon Willebrand Factor (VWHE), Factor BV (FV), Factor X
(FX), Factor XI1 (FXI), thrombin (FID), protein C. protein 5, (PA, PAL-1, tissue factor (TF)
and ADDAMTS 13 protease which exhibits biological activity that is associated with that

particular native blood coagulation protein.
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(00667  The blood coagulation cascade is divided into three distinct segments: the mirinsic,
extrinsic, and common pathways (Schenone et al., Curr Opin Hematol. 2004;11:272-7). The
cascade involves a series of serine protease enzymes {zymogens} and protein cofactors. When
required, an inactive zymogen precursor is converted into the active [orm, which

consequently converts the next enzyme in the cascede,

(B8671  The intrinsic pathway requires the clotting factors VHL IX, X, X1, and X1
Initiation of the intrinsic pathway occurs when prekallikrein, high-molecalar-weight
kininogen, factor X1 (FXT) and factor XII (FXIl) are exposed to a negatively charged sarface.

Also reguired are calcium ions and phospholipids secreted from platelets.

[0068]  The extrinsic pathway is initiated when the vascular lumen of blood vessels is
damaged. The membrane glycoprotein tissue factor is exposed and then binds to circulating
factor VII (FVID) and to small preexisting amounts of its activated form FVIla, This binding
facilitates full conversion of FVII to FVIia and subsequently, in the presence of calcium and
phospholipids, the conversion of factor IX (FIX) to factor IXa (FIXa) and factor X (FX) 1o
factor Xa (FXa). The association of FV1la with tissue factor enhances the proteolytic activity
by bringing the binding sites of FVI for the substrate (FIX and FX) into closer proximity and

by inducing a conformational change, which enhances the enzymatic activity of FV]la.

(00691 The activation of FX is the common point of the two pathways, Along with
phospholipid and calcium, factors Va (FVa) and Xa convert prothrombin to thrombin
(prothrombinase complex), which then cleaves fibrinogen to form {ibrin monomers. The
monomers polymerize to form fibrin strands. Pactor Xiila (FX1fla) covalently bonds these

strands £0 one another to form a rigid mesh.

0707 Conversion of FVII to FVIIa is also catalyzed by a number of proteases, including

thrombin, FI¥Xa, FXa, factor ¥Ia (FXIa), and factor XIia (FXTia). For inhibition of the early
phase of the cascade, Ussue factor pathway inhibitor targets FV1la/tissue factor/FXa product

complex.

Factor Vlia

(864711 FVII (also known as stable factor or proconvertin} is a vitamin K-dependent serine
protease glycoprotein with a pivotal role in hemostasis and coagulation (Eigenbrot, Curr

Protein Pept Sci. 2002;3:287-99).
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10072] FVIIis synthesized in the liver and secreted as a single-chain glycoprotein of 48
kD PVl shares with all vitamin K—dependent serine protease glycoproteins a similar protein
domain stiucture consisting of an amino-terminal gamma-carboxyglutamic acid (Gla) domain
with 9-12 residues responsible for the interaction of the protein with lipid membranes, a
carboxy-terminal serine protease domain (catalytic domain), and two epidermal growth
factor-like domains containing a calcium ion binding site that mediates interaction with
tissue factor. Gamma-glutamy! carboxylase catalyzes carboxylation of Gla residues in the
amino-terminal portion of the molecule. The carboxylase is dependent on a reduced form of
vitamin K for ifs action, which is oxidized to the epoxide form. Vitamin K epoxide reductase

is required to convest the epoxide form of vitamin K back to the reduced form.

[8073]  The major proportion of FV1[ circulates in plasma in zymogen form, and activation
of this form results in cleavage of the pepiide bond between arginine 152 and isoleucine 153,
The resulting activated FV1ia consists of a NH2-derived light chain (20 kD) and a COOH
terminal-derived heavy chain (30 kD) linked via a single disulfide bond (Cys 135 to Cys
262). The light chain contains the membrane-binding Gla domain, while the heavy chain

contains the catalytic domain.

(6074} The plasma concentration of FVI determined by genetic and environmental {actors
is about 0.5 mg/mL (Pinotti et al., Bloed. 2000:95:3423-8). Different FVII genotypes can
result in several-fold differences in mean FVI levels, Plasma FVII levels are elevated during
pregnancy in healthy fermales and also increase with age and are higher in females and in
persons with hypertriglyceridemia. FVIIhas the shortest half-life of all procoagulant factors
(3-6 h}. The mean plasma concentration of FVIIa is 3.6 ng/mL in healthy individuals and the
circulating half-life of FVIla is relatively long (2.5 h) compared with other coagulation

factors,

[075]  Hereditary FV1 deficiency is a rare autosomal recessive bleeding disorder with a
prevalence estimated to be | case per 500,000 persons in the general population (Acharya et
al., J Thromb Haemost, 2004;2245-50), Acquired FVII deficiency from inhibitors is also
very rare. Cases have also been reported with the deficiency occurring in association with
drugs such as cephalosporins, penicillins, and oral anticoagﬁlalatss. Furthermore, acquired
FVII deficiency has been reported to occur sponfancously or with other conditions, such as

myeloma, sepsis, aplastic anemia, with interlenkin-2 and antithymocyte globulin therapy.
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[8076] Reference polynucleotide and polypeptide sequences include, e.g., GenBank
Accession Nos. J02933 for the genomic sequence, M13232 for the cDNA (Hagen et al.
PNAS 1986: 83: 2412-6), and POBT00 for the polypeptide sequence (references incorporatec
herein in their entireties). A variety of polymorphisms of FVII have been described, for
example see Sabater-Lleal et al. (Hum Genet, 2006; 1 18:741-51) (reference incorporated

herein in its entirety}.

(00771 FIXis a vitamin K-dependent plasma protein that participates in the intrinsic
pathway of blood coagulation by converting FX to its active form in the presence of caleium
ions, phospholipids and FVTifa. The predominant catalytic capability of FIX s as a serine
piotease with specificity for a particular arginine-isolencine bond within FX. Activation of
FIX oceurs by FXIa which causes excision of the activation peptide from FIX to produce an
activated FIX molecule comprising two chains held by one or more disulphide bonds.

Defects in FiX are the cause of recessive X-linked hemophilia B.

(9781  Hemophilia A and B are inherited diseases characterized by deficiencies in FVII
and FIX polypeptides, respectively. The underlying cause of the deficiencies is frequently
the result of mutations in FVII and FIX genes, both of which are Jocated on the X
chromosome. Traditional therapy for hemophilias often involves intravenous administration
of pooled plasma or semi-purified coagulation proteins from normal individuals. These
preparations can be contaminafed by pathogenic agents or viruses, such as infectious prions,
HIV, parvovirus, hepatitis A, and hepatitis C. Hence, there is an urgent need for therapeutic

agents that do not require the use of human serum.

[6679]  The level of the decrease in FIX activity is directly proportional to the severity of
hemophilia B. The current treatment of hemophilia B consists of the replacement of the
missing protein by plasma-derived or recombinant FIX (so-called FIX substitution or
replacement treatment or therapy).

00851 Polynucleotide and polypeptide sequences of FIX can be found for example n the

UniProtKB/Swiss-Prot Accession [\fo POOT740, US Pat. No. 6,531,298 and in Figure 1 (SEQ |
1 NO: .



Factor VIIT

{06811 Coagulation factor VII (FVIH) circulates in plasma at a very low concentration and
1s bound non-covalently to Von Wiilebrand factor (VWT). During hemostasis, FVIII is
separated from VWF and acts as a cofactor for activated factor IX (FIXa)-mediated FX
activation by enhancing the rate of activation in the presence of calcium and phospholipids or

cellular membranes.

160821 IFVIiLis synthesized as a single-chain precursor of approximately 270-330 kD with
the domain structure A1-A2-B-A3-C1-CZ. When purified from plasma (e.g., “plasma-
derived” or “plasmatic”), FVIII is composed of a heavy chain (A1-A2-B) and a light chain
(A3-C1-CZ). The molecular mass of the light chain is 80 kI whereas, due to proteolysis

within the B domain, the heavy chain is in the range of 90-220 kD.

[0083] FVIIis also synthesized as a recombinant protein for therapeutic use in bleeding
disorders. Various in vifro assays have been devised to determine the potential efficacy of
recombinant FVIIT (rFVIH) as a therapeutic medicine. These assays mimic the in vivo
etfects of endogencus FYHL In vitro thrombin treatment of FVIH results in a rapid increase
and subsequent decrease in its procoagulant activity, as measured by in vitro assays. This
activation and inactivation coincides with specific limited profeolysis both in the heavy and
the light chains, which alter the availability of different binding epitopes in FVTIL e.p.
allowing FVHI to dissociate from VWF and bind to a phospholipid surface or altering the

binding ability to certain monoclonal antibodies.

[(084] The lack or dysfunction of FVII is associated with the most frequent bieeding
disorder, hemophilia A, The treatment of choice for the management of hemophilia A is
repiacement therapy with plasma derived or rEFVIH concentrates. Patients with severe
hemophilia A with FVIHI levels below 1 %, are generally on prophylactic therapy with the
aim of keeping FVII above 1% between doses. Taking into account the average half-lives of
the various FV1H products in the circulation, this resulf can usually be achieved by giving

FVIIT two to three times a wesk,

[0485]  Reference polynucleotide and polypeptide sequences include, e.g.,
UniProtKB/5wiss-Prot PO045] (FAS_HUMAN); Gitschier J et al., Characterization of the
human Factor VIII gene, Nature, 312(5992): 326-30 (1984); Vehar GH et al., Structure of
human Factor Vi1, Nature, 312(5992):337-42 (1984); Thompson AR. Structure and Function

of the Factor VI gene and protein, Semin Thromb Hemost, 2003:29;11-29 (2002).
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“on Willebrand Factor

[GG86]  Von Willebrand factor (VW) is a glycoprotein circulating in plasma as a series of
rultimers ranging in size from about 500 to 20,000 kD. Multimeric forms of VWE are
composed of 250 kD polypeptide subunits linked together by disulfide bonds. ¥V'WE mediates
initial platelet adhesion to the sub-endothelium of the damaged vessel wall. Unly the larger
multimers exhibit hernostatic activity, Itis assumed that endothelial cells secrete large
polymeric forms of VWF and those forms of VW which have a low molecular weight (fow
molecular weight VWF) arise from proteolytic cleavage. The multimers having large
molecular masses are stored in the Weibel-Pallade bodies of endothelial cells and liberated

upon stimulation.

MO0ET]  VWF is synthesized by endothetial cells and megakaryocytes as prepro-VWIT that
comsists to a large extent of repeated domains. Upon cleavage of the signal peptide, pro-
VWE dimerizes through disnlfide linkages af its C-terminal region, The dimers serve as
protomers for multimerization, which is governed by disullide linkages between the free end
termini. The assembly to multimers is followed by the proteclytic removal of the propeptide

sequence (Leyte et al., Biochem. J. 274 (1991), 257-261).

[Q088]  The primary translation product predicted from the cloned cDNA of VWE s a
2813-residue precursor polypeptide (prepro-¥YWE). The prepro-VWI consists of a 22 amino
acid signal peptide and a2 741 amino acid propeptide, with the mature VWF corprising 2050

amino acids {(Ruggeri Z.A., and Ware, J., FASEB J., 08316 (1993,

(90897 Defects in VWF are causal to Von Willebrand disease (VWD), which is
characterized by a more or less pronounced bleeding phenotype. VWD type 3 is the most
severe form, in which VWF is completely missing, and VWD type | relates to a quantitative
loss of VWE and its phenotype can be very mild. VWD type 2 relates to qualitative defects
of ¥'WE and can be as severe as VWD type 3. VWD type 2 has many sub forms, some bemg
associated with the loss or the decrease of high molecular weight multimers. Von Willebrand
disease type 2a (VWID-2A) is characterized by a loss of both intermediate and ]..arge
multimers. VWD-2B is characterized by a loss of highest-molecular-weight multimers.

Cither diseases and disorders related to V'WE are known in the art.

[G098]  The polynucieotide and amino acid sequences of prepro-VWE are available at

GenBank Accession Nos, NM_000552 and NP_000543, respectively.



[6091]  Other blood coagulation proteins according to the present invention are described in

the art, e.g. Mann KG, Thromb Haemost, 1999:82:165-74,
A Polypeptides

[G092Z]  Inoneaspect, the starting material of the present invention is a protein or
polypeptide. As described herein, the term therapeutic protein refers to any therapeutic
protein molecule which exhibits biological activity that is associated with the therapeutic
protein. In one embodiment of the invention, the therapeutic protein molecule is a fuli-length

proiein.

[0893]  Therapeutic protein molecules contemplated include full-length proteins, precuarsors
of full leagth proteins, biclogically active subunits or fragments of full length proteins, as
well as biologically active derivatives and variants of any of these forms of therapeutic
proteins. Thus, therapeutic protein include those that (1) have an amino acid sequence that
has greater than about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
aboat 90%, about 91%, about 92%, about 93%, aboui 94%, about 95%, about 96%, about
7%, about 98% or about 99% or greater amine acid sequence identity, over a region of at
feast about 25, about 50, about 100, about 200, about 300, about 400, or more amino acids, o
a polypeptide encoded by a referenced nucieic acid or an amino acid sequence described
herein; and/or (2) specifically bind fo antibodies, e.g., polyclonal or monoclonal antibodies,
generated against an immunogen comprising a referenced amino acid sequence as described

<

herein, an immunogenic fragment thereof, and/or a conservatively modified variant thereof,

[009%4]  According to the present invention, the term "recombinant therapeutic protein”
inclodes any therapeutic protein obtained via recombinant DNA technology. In certain

embodiments, the term encompasses proteins as described herein.

{0895]  As used herein, "endogenous therapeutic protein” includes a therapeuotic protein
which criginates from the mammal intended to receive reatment. The term also includes
therapeutic protein transcribed from a transgene or any other foreign IDNA present in said
mammial, As used herein, "exogenous therapentic protein " includes 2 blood coagulation

- protein which does not originate from the mammal intended to receive treatment.

[0026]  As used herein, "plasma-derived blood coagulation protein " or "plasmatic”
includes all forms of the protein found in bleod obtained from a mammal having the property

participating in the coagulation pathway.



[B397]  As used herein "biologically active derivative” or "biologically active variant”
includes any derivative or variant of a molecule having substantially the same functional
and/or biological properties of said molecule, such as binding properties, and/or the same

stroctural basis, such as a peptidic backbone or a basic polymeric unit.

[0698]  An “analog,” such as a “variant” or a “derivative,” is a compound substantially
sirmilar in structure and having the same biclogical activity, albeitin certain instances to a
differing degree, to a naturally-occurring molecule. For example, a polypeptide variant refers
to a polypeptide sharing substantially stmifar structure and haying the same biclogical
activity as a reference polypepiide, Variants or analogs differ in the composition of their
amino acid sequences compared to the naturally-occurring polypeptide from which the
analog is derived, based on one or more mutations involving (i) deletion of one or more
amino acid residues at one or more termini of the polypeptide and/or one or more internal
regions of the naturally-occurring polypeptide sequence (e.g., fragments), (ii) inserfion or
addition of one or more amino acids at one or more ternini (typically an “addition”™ or
“fasion™) of the polypeptide and/or one or more internal regions (typically an “Insertion”) of
the naturally-occurring polypeptide sequence or (iii) substitution of one or more amnne acids
for other amino acids in the naturally-occurring polypeptide sequence. By way of example, a
“derivative” is a type of analog and refers to a polypeptide sharing the same or substantially

similar structure as a reference polypeptide that has been modified, e.g., chemically.

(60997 A variant polypeptide is a type of analog polypeptide and includes insertion
vartants, wherein one or more amino acid residues are added to a therapentic protein amino
acid sequence of the invention. Insertions may be located at either or both termini of the
protein, and/or may be positioned within internal regions of the therapeutic protein amino
acid sequence. Insertion variants, with additional residues at either or both termini, inciude
for example, fusion proteins and proteins including amino acid tags or other amino acid
labels, Tn one aspect, the blood coagulation protein molecule optionally contains an IN-
terminal Met, especially when the molecule is expressed recombinantly in a bactenial cell

such as E. coli.

(001067 In deletion variants, one or more amino acid residues in a therapeutic protein
polypeptide as described herein are removed. Deletions can be effected at one or both
termini of the therapentic protein polypepiide, and/or with removal of one or more residaes
within the therapentic protein amino acid sequence. Deletion variants, therefore, include

fragments of a therapeutic protein polypeptide sequence.
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(80101} In substitution variants, one or more amino acid residues of a therapeutic protein
polypeptide are removed and replaced with alternative residues. In one aspect, the
substitutions are conservative in nature and conservative substitations of this type are well
known in the art. Alternatively, the Invention embraces substitutions that are also non-
conservative. Exemplary conservative substitutions are described in Lehninger,
[Biochemistry, 2nd Edition; Worth Publishers, Inc., New York (1975}, pp.71-77] and are sef

out immediately below.

CONSERVATIVE SUBSTITUTIONS

SIDE CHAIN AMINO ACID
CHARACTERISTIC
Non-polar Chydrophobic):
A. Aliphatic ALIVP
B. Aromatic W
. Sulfur-containing M
D. Borderline G
Uncharged-polar
A, Hydroxvi | STY
B. Amides N
. Sulthydryl C
D, Borderline G
Positively charged (basic) KRH
Negatﬁ,veiy charged (acidic) DE

FO0102]  Alternatively, exemplary conservative substitutions are set out immediately below.



CONSERVATIVE SUBSTITUTIONS If

ORIGINAL RESIDUE EXEMPLARY
SUBETITUTION

Ala {A) Val, Lew, e

Arg (R) Lys, Gln, Asn

Asn (I (in, His, Lys, Arg

Asp (D) Gla

Cys (O Ser

Gln () Asn

Glu (E) Asp

s (FD Asn, Gln, Lys, Arg
Te (1) Leu, Val, Met, Ala, Phe,

Leu (1) Tle, Val, Met, Ala, Phe

Lys (K) Arg, Gin, Asn

Met (M) Leu, Phe, ile

Phe () feu, Val, Ile, Ala
Pro (P) Gly

Ser (8) Thr

Thr (D) Ser

T (W) Tyr

Tyr (V) Trp, Phe, Thr, Ser

Val (V) Tie, Leuw, Met, Phe, Ala

B, Polyrucleotides

[B01031  Nucleie acids encoding a therapeutic protein of the invention include, for example
and without limitation, genes, pre-mnRNAs, mRMNAs, cDNAs, polymorphic variants, afleles,

synthetic and naturaliy-occurring mutants.

061047 Polynucleotides encoding a therapeutic protein of the invention also inchide,
without limitation, those that (1) specifically hybridize onder stringent hybridization
conditions to a nucleic acid encoding a referenced amino acid sequence as described herein,
and conservatively modified variants thereof; (2) have a nucleic acid sequence that has
creater than about 95%, about 96%, about 97%, about 98%, about 99%, or higher nucleotide
sequence identity, over a region of at least about 25, about 50, about 100, about 150, about

200, about 250, about 500, about 1000, or more nucleotides (up to the full length sequence of



1218 nucleotides of the matare protein), to a reference nucleic acid sequence as described
herein. Exemplary “stringent hybridization™ conditions inciude hybridization at 420C in 50%
formamide, 5X SSC, 20 mM NasPO4, pH 6.8; and washing in 1X SSC at 550 for 36
minutes. It is understood that variation in these éxempiary conditions can be made based on
the length and GC nucleotide content of the sequences to be hybridized. Formulas standard
in the art are appropriate for determining appropriate hybridization conditions. See
Sambrook et al., Molecular Cloning: A Laboratory Manual (Second ed., Cold Spring Harbor
Laboratory Press, 1989) §§ 9.47-9.51.

[0105] A "naturally-occurring” polynucieotide or polypeptide sequence is typically

derived from a _mammal including, but not limited to, primate, e.g., human; rodent, e.g., rat,
mouse, hamster; cow, pig, horse, sheep, or any mammal. The nucleic acids and proteins of
the invention can be recombinant molecules (e.g., heterclogons and encoding the wild type

sequence or & variant thereof, or non-naturally occurring).
. Production of therapeutic profeing

[00106] Production of a therapeutic protein includes any method known in the art for (i)
the production of recombinant DNA by genetic engineering, (il) inroducing recombinant
DNA into prokaryotic or eukaryotic cells by, for example and without limitation,
transfection, electroporation or microinjection, (i) cultivating said transformed cells, (iv)
expressing therapeutic protein, e.g. constitutively or upon induction, and (v) isolating said
blood coagnlation protein, e.g. from the culture medium or by harvesting the transformed

cells, in order to obtain purified therapeutic protein.

(601071 In other aspects, the therapeutic protein is produced by expression in a suitable
prokaryotic or enkaryotic host system characterized by producing a pharmacologically

acceptable blood coagulation protein molecule. Examples of eukaryotic cells are mammalian

[B0108] A wide variety of vectors are used for the preparation of the therapeutic profein
and are selected from eukaryotic and prokaryotic expression vectors. Examples of vectors for
prokaryotic expression include plasmids such as, and without limitation, pRSET, pET, and
pBAD, wherein the promoters used in prokaryotic expression vectors inelude one or more of,
and without limitation, lac, tre, trp, recA, or araBAD. Examples of vectors for enkaryotic
expression include: (1) for expression in yeast, vectors such as, and without Himitation, pAO,

pPIC, pYES, or pMET, using promoters such as, and without limitation, AGX1, GAP,
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GALL or AUGH; (i) for expression in insect cells, vectors such as and without limitation,
pMT, pAcS, pIB, pMIB, or pBAC, using promoters such as and without limitation PH, p10,
MT, AcS, OplHE2, gp6d, or pelh, and (iif) for expression in mamrnalian cells, vectors such as
and without Hmitation pSVL, pCMV, pRc/RSV, pcDNAZ, or pBPY, and vectors derived
from, in one aspect, viral systems such as and without Hmitation vaccinia virus, adeno-
associated viruses, herpes viruses, or retroviruses, using promoters such as and without

limitation CMY, SV40, BF-1, UbC, RSV, ADV, BPV, and PB-actin.
i, Administration

(04109 In one embodiment a conjugated therapeutic protein of the present invention may

be administered by injection, such as intravenous, intramuscular, or intraperifoneal 1njection.

[D0118]  To administer compositions comprising a conjugated therapeutic protein of the
present invention to human or test animals, in one aspect, the compositions comprise one or
more pharmaceuntically acceptable carriers. The termns "pharmaceutically” or
"pharmacologically acceptable” refer to melecular entities and compositions that are stable,
inhibit protein degradation such as aggregation and cleavage products, and in addition do not
produce allergic, or other adverse reactions when administered using routes well-known in
the art, as described below, "Pharmaceutically acceptable carriers” include any and all
clinically useful solvents, dispersion media, coatings, antibacterial and antifungal agents.

isotonic and absorption delaying agents and the like, including those agents disclosed above.

081111 Asused herein, "effective amount” inchudes a dose suitable for freating a disease
or disorder or ameliorating a symptom of a disease or disorder. In one embodiment,
"sffective amount” includes a dose suitable for treating a mammal having a bleeding disorder

as described herein,

001127 The compositions mayv be adminisiered orally, topically, fransdermally,
parenterally, by inhalation spray, vaginally, rectaily, or by intracranial injection. The term
parenteral as used herein includes subcutaneous injections, infravenous, wiramuscular,
intracisternal injection, or infusion techniques. Administration by intravenous, infradermal,
intramuscular, Intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary
injection and or surgical implantation at a particular site s contemplated as well. Cienerally,
compositions are essentially free of pyrogens, as well as other impurities that could be

harmful fo the recipient.



[BO113]  Single or multiple administrations of the compositions can be carried out with the
dose levels and pattem being selected by the treating physician. For the prevention or
treatment of disease, the appropriate dosage will depend on the type of disease to be treated,
as described above, the severlty and course of the disease, whether drug is administered for
preventive or therapeutic purposes, previous therapy, the patient's clinical history and

response (o the drug, and the discretion of the attending physician,

[00134]  The present invention also relates to a pharmaceutical composition comprising an
effective amount of a conjugated therapeutic protein as defined herein. The pharmaceutical
composition may further comprise a pharmaceutically acceptable carrier, diluent, salt, buffer,
or excipient. The pharmaceutical composition can be used for treating the above-defined
bleeding disorders. The pharmaceutical composition of the invention may be a solution ora
lyophilized product. Solutions of the pharmaceutical composition may be subjected to any

suitable lyophilization process.

[00115]  Asan additional aspect, the invention includes kits which comprise a composition
of the invention packaged in a manner which facilitates its use for administration to subjects,
In one embediment, such a kit includes a compound or composition described herein (cgz, a
composition comprising a conjugated therapeutic protein), packaged in a container such as a
sealed bottle or vessel, with a label affixed to the container or included in the package that
describes vse of the compound or composition in pracficing the method, In one embodiment,
the kit contains a first container having a composition comprising a conjugated therapeutic
protein and a second container having a physiologically acceptable reconstitution solution for
the composition in the first container. In one aspect, the compound or composition is
packaged in a unit dosage form. The kit may forther include a device suitable for
administering the composition accerding to a specific route of administration. Preferably, the
kit contains a label that describes use of the therapeutic protein or peptide composition:
WATER SOLUBLE POLYMERS

(081161 Inone aspect, a therapeutic protein derivative (.e., a conjugated therapeutic
protein) molecule provided is bound to a water-soluble polymer including, but not limited to,
polyethylene glycol (PEG), branched PEG, polysialic acid (PSA), hydroxvalkyl starch
(HAS), hydroxylethyl starch (BES), carbohydraie, polysaccharides, pullulane, chitosan,
hyaluronic acid, chondroitin suifate, dermatan sulfate, starch, dextran, carboxymethyl-

dextran, polyalkylene oxide (PAQ), polyalkylene glveol (PAG), polypropyliene glycol (PPG)



polyoxazoline, poly acryloylmorpholine, polyvinyl aleohol (PVA), polycarboxylate,
polyvinylpyrrolidone, polyphosphazene, polyoxazoling, polyethylene-co-maleic acid
anhydride, polystyrene-co-maleic acid anhydride, poly(1-hydroxymethylethylene
hydroxymﬁ:t}aylformal) (PHE}, 2-methacryloyloxy-2-ethyltrimethylammoniumphosphate
(MPC). In one embodiment of the invention, the water sehible polymer is consisting of sialic
acid molecule having a molecular weight range of 350 to 120,000, 500 to 100,060,1000 to
80,000, 1500 to 60,000, 2,000 o 45,000 Da, 3,000 to 35,000 Da, and 5,00G to 25,600 Da.
The coupling of the water soluble polymer can be carried out by direct coupling to the protein
or via Vinker molecules. One example of a chemical linker is MBPH (4-[4-N-
Mateimidophenylibutyric acid hydrazide) containing a carbohydrate-selective hydrazide and
a sulfhydryl-reactive maleimide group (Chamow etal., ] Biol Chem 1992;267:15916-22).

Other exemplary and preferred finkers are described below.

(661171 In one embodiment, the derivative retains the full functional activity of native
therapeutic protein products, and provides an extended hall-life in vivo, as compared 10
native therapeutic protein products. In another embodiment, the derivative retains at least
20, 21, 22, 23, 04, 05,726,727, 28,29, 30, 31, 32, 34, 35,36, 37, 38, 39, 40,41, 42,43, 44, 45,
46, 47,48, 49, 50, 51, 52, 53, 54, 53, 56,57, 5§, 59, 60, 61, 62, 63, 64, 63, 66, 67, 68,69, 70,
71,7273, 74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,92, 93, 94, 95,
96, 97,98, 99, 100, 110, 120, 130, 140, or 150 percent (%) bioogical activity relative to
native blood coagulation protein. In arelated aspect, the biological activities of the derivative
and native blood coagulation protein are determined by the ratios of chromogenic activity to
hiood coagulation factor antigen value (blood coagulation factor:Chr: blood coagulation
factor:Ag). In still another embodiment of the invention, the half-life of the construct is
decreased or increased 0.5, 0.6, 0.7, 0.8, 0.5, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5,2,3,4,5,6,7,8,9, 0or

10-fold relative to the in vive half-life of native therapeutic protein.

A. Stalic acid and PSA
[08118]  PSAs consist of polymers (generally homopolymets) of N-acetylneuraminic acid.
The secondary amino group normally bears an acetyl group, but it may instead bear a

glycolyl group. Possible substifuents on the hydroxyl groups include acetyl, lactyl, ethyl,

sulfate, and phosphate groups.
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[B011%]  Structure of sialic acid (N-acetylnevraminic acid)

{01261 PSAsand mPSAs generally comprise linear polymers consisiing essentially of N-
acetylneuraminic acid moieties linked by 2,8- or 2,9- glycosidic linkages or combinations of
these (e.g. alternating 2,8- and 2,9- linkages). In particularly preferred PSAs and mPSAs, the
ghycosidic linkages are 0-2,8. Such PSAs and mPSAs are conveniently derived from
colominic acids, and are referred to herein as “CAg¢” and “mCAs”. Typical PSAs and mPSAs
comprise at feast 2, preferably at least 3, more preferably at least 10 and most preferably at
least 20 N-zcetylpeuraminic acid moieties. Thus, they may comprise from 2 to 300 N-
acetylneuraminic acid moieties, preferably from 5 to 200 N-acetyineuraminic acid moieties,
or most preferably from 10 1o 100 N-acetylnevraminic acid moieties, PSAs and CAs
preferably are essentially free of sugar toieties other than N-acetylneuraminic acid, Thus
PSAs and CAs preferably comprise at least 90 %, more preferably at least 95 % and most

preferably at least 98 % N-acetylneuraminic acid moieties.

[0§1211  Where PSAs and CAs comprise moleties other than N-acetylnevraminic acid (as,
for exarnple in mPSAS and mC As) these are preferably located at one o both of the ends of
the polymer chain. Such “other” moieties may, for example, be moieties derived from

termunal N-acetylneuraminic acid moieties by oxidation or reduction,

(66122} Forexample, W-A-0187922 describes such mPSAs and mCAs in which the non-
reducing terminal N-acetylneuraminic acid unit is converted to an aldehyde group by reaction
with sodium periodate, Additionally, WO 2005/016974 describes such mPSAs and mCAs in
which the reducing terminal N-acetylneurarninic acid unit is subjected to reduction to
reductively open the ring at the reducing terminal N-acetylneuraminic acid unit, whereby a
vicinal diol group 1s formed, followed by oxidation to convert the vicinal diol group to an

aldehyde group.



(861231 Sielic acid rich glycoproteins bind selectin in humans and other organisims. They
play an important role in human influenza infections. E.g., sialic acid can hide mannose
antigens on the surface of host cells or bacteria from mannose-binding lectin. This prevents
activation of complement. Sialic acids also hide the penultimate galactose residue thus
preventing rapid clearance of the glycoprotein by the galactose receptor on the hepatic

parenchymal cells.

{30124]  Structure of colominic acid (homopolymer of N-acetylneuraminic acid)

HO0125]  Colominic acids (a sub-class of PSAs) are homopolymers of N-acetylneuraminic
acid (NANAY with o (2—8) ketosidic linkage, and are produced, inter alia, by particular
strains of Escherichia coll possessing K1 antigen, Colominic acids have many physiological

functions. They are important as a raw material for drugs and cosmetics.

[B01Z6] Comparative studies in vivo with polysialylated and unmodified asparaginase
revealed that polysialylation increased the half-life of the enzyme (Femandes and
Oregoriadis, Biochimica Biophysica Acta 1341 26-34, 1997).

1

PONLZ7)  As used herein, "sialic acid moieties” includes sialic acid monomers or polymers
(“polysaccharides”™) which are soluble in an agqueous solution or suspension and have little or
no negative impact, such as side effects, to mammals vpon administration of the PEA-blood
coagulation protein conjugate in a pharmaceutically effective amount. The polymers are
characterized, in one aspect, as having 1, 2, 3, 4, 3, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 400, or 500 sialic acid units, In certain aspects, different sialic acid units are

combined in a chain.

- 60 -



(001287 In one embodiment of the invention, the sialic acid portion of the polysaccharide
compound is highly hydrophilic, and in another embodiment the entire compound is highly
Eydrophilic. Hydrophilicity is conferred primarily by the pendant carboxyl groups of the
siakic acid units, as well as the hydroxyl groups. The saccharide unit may contain other
functional groups, such as, amine, hydroxyl or sulphate groups, or combinations thereof.
These groups may be present on naturally-occurring saccharide componnds, or introduced

into derivative polysaccharide compounds.

[661291  The natarally occwring polymer PSA is available as a polydisperse preparation
showing a broad size distribution {e.g. Sigma C-5762) and high polydispersity (PD). Because
the polysaccharides are nsually produced in bacteria carrying the inherent risk of copurifying
“endotoxing, the purification of long sialic acid polymer chains may raise the probability of
increased endotoxin content. Short PSA molecuies with 1-4 sialic acid units can also be
synthetically prepared (Kang SH et al., Chem Commun. 20060;227-8; Ress DK and Linhardt
RI, Cuzrrent Organic Synthesis, 2004;1:31-46), thus minimizing the risk of high endotoxin
levels, However PSA preparations with a narrow size distribution and low polydispersity,
which are also endotoxin-free, can now be manufactured. Polysaccharide compounds of
particular use for the invention are, in one aspect, those produced by bacteria. Some of these
naturally-cccurring polysaccharides are known as glycolipids. In one embodiment, the

polysaccharide compounds are substantiaily free of terminal galactose units.
B. Polyethylene glyveol (PIEG) and Pegyiation

[B8130]  In certain aspects, therapeutic proteins are conjugated to a water soluble polymer
by any of a variety of chemical moethods (Roberts JM et al., Advan Drug Delivery Rev
2002;54:459-76). For example, in one embodiment a therapeutic protein is modified by the
conjugation of PEG to free amino groups of the protein using N-hydroxysuccinimide (NHS)
esters, In another embodiment the vs}amr.soiuble polymer, for example PE(, is coupled to
free SH groups using maleimide chemistry or the coupling of PEG hydrazides or PEG amines
to carbohydrate moieties of the therapeutic protein after prior oxidation.

(80131]  The conjugation is in one aspect performed by direct coupling {or coupling via
linker systems) of the water soluble polymer to a therapeutic protein under formation of
stable bonds, In addition degradable, releasable or hydrolysable linker systems are used in

certain aspects the present invention (Tsubery et al. J Biol Chem 2004:,279:38118-24/
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Greenwald et al., ] Med Chem 1999:42:3657-67 / Zhao et al., Bioconj Chem 2006;17:341-51
[ WO2006/138572A2 1 UST725922412 1 UST060259B2).

{561 32] I one embodiment of the invention, a therapeutic 'protej.ﬂ is modified via lysine
residues by use of polyethylene glycol derivatives containing an active N-
hydroxysuceinimide ester (NHS) such as succinimidyl succinate, succinimidyl glutarate or
succinimidy! propionate. These derivatives react with the Iysine residues of the therapeutic
protein under mild conditions by forming a stable amide bond. In one embodiment of the
invention, the chain leagth of the PEG derivative is 5,000 Da, Other PEG dertvatives with
chain lengths of 500 to 2,600 Da, 2,600 to 5,000 Da, greater than 5,000 up to 10,000 Da or
greater than 10,000 up to 20,000 Da, or greater than 20,000 up to 150,000 Da are used in

various embodiments, including linear and branched structures.

(0133 Aliernative methods for the PEGylation of amino groups are, swithout limitation,
the chemical conjugation with PEG carbonates by forming urethane bonds, or the reaction

with aldehydes or ketones by reductive amination forming secondary amide bonds.

[00134]  Inone embodiment of the present invention a therapeutic protein molecute is
chemically modified using PEG derivatives that are commercially available. These PEG
derivatives in alternative aspects have linear or branched struetures. BExamples of PEG-

derivatives containing NHE groups are listed below.

TOB1351  The following PEG derivatives are non-limiting examples of those commercially
available from Nektar Therapeutics (Jluntsville, Ala.; see wow . nektar.com/PEG reagent

catalog; Nektar Advanced PEGylation, price list 2005-2006):
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Structure of a Branched PEG-derivative (Nektar Therapeutics):

Branched PEG N-Hydroxysuccinimide (mPEG2-NHS)
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1081361 This reagent with branched structure is described in more detaii by Kozlowski et

al. (BioDrugs 2001,5:419-29).

[08137]  Other non-limiting examples of PEG derivatives are commercially avatlable from

NOF Corporation (Tokye, Japan; see www.nof.co jp/english: Catalogue 2005)

General Structure of Linear PEG-derivatives {INOT Corp.):
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Structares of Branched PEG-derivatives (NOF Corp.): 2,3-
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[(8138] These propane derivatives show a glycerol backbone with a 1,2 substitution
pattern. In the present invention branched PEG derivatives based on giycerol structares with
1,3 substitution or other branched stractures described in US2003/0143596A1 are also

contemplated.

(801391  PEG derivatives with degradable (for example, hydrolysable) linkers as described
by Tsubery et al. (§ Biol Chem 2004;279:381 18-24) and Shechter et al. (WOO4089280A3)

are also contempiated.

(061401  Surprisingly, the PEGylated therapeutic protein of this invention exhibits
functional activity, combined with an extended half-life in vivo, In addition the PEGylated
(FVITL, BV1Ta, FIX, or other blood coagulation factor seems to be more resistant against

fhrombin inactvation.
C. Hydroxyalicyl starch (HIAS) and hydroxylethyl starch (HES)

1001411 In various embodiments of the present invention, a therapeutic protein molecule 18
chemically modified using hydroxyalkyl starch (HAS) or hydroxylethyl starch (HES) or

derivatives thereof.

0142]  HES is a derivative of naturally occurring amylopectin and is degraded by alpha-
amylase in the body. HES is a substituted derivative of the carbo- hydrate polymer
arnylopectin, which is present in corn starch at a concentration of up to 95 % by weight. HES
exhibits advantageous biclogical properties and is used as a blood volume repiacement agent
and in hemodilution therapy in the clinics {Sommermeyer et al., 1987,
Krankenhauspharmazie, § (8), 271-278; and Weidler et al., 1991, Arzneim.-Forschung/Drog
Res, g 419 494-498).

r00143]  Amylopectin consists of glucose moieties, wherein in the main chain alpha-1,4-
glycosidic bonds are present and at the branching sites alpha-1, 6-glycosidic bonds are found.

The physical-chemical properties of this molecule are mainly determined by the type of
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glycosidic honds, Due to the nicked alpha-1.4-ghycosidic bond, helical structures with about
six glucose-monomers per turn ave produced. The physico- chemical as well as the
hiochemical properties of the polymer can be modified via substitution. The introduction of a
hydroxyethyl group can be achieved via alkaline hydroxyethylation. By adapting the reaction
condjtions 1t is possible to exploit the different reactivity of the respective hydroxy group in
the unsubstituted glucose monomer with respect to a hydroxyethylation. Owing to this fact,

the skilled person is able to influence the substitution pattern to a limited extent,

(0144  FHAS refers to a starch dertvative which has been substituted by at least one
hydroxyalkyl group, Therefore, the term hydroxyalkyl starch is not limited to compounds
where the terminal carbohydrate moiety comprises hydroxyaikyl groups K1, RZ, and/or K3,
but also refers to componnds in which at least one hydroxy group present anywhere, either in
the terminal carbohydrate moiety and/or in the remaining part of the starch molecule, HAS',

i substituted by a hydroxyalkyl groap RI, R2, or R3.

[O01457  The aikyl group may be a linear or branched alkyl group which may be suitably
substituted. Preferably, the hydroxyalkyl group contains 1 to 10 carbon atoms, more
preferably from 1 to 6 carbon atoms, more preferably frorn [ to 4 carbon atoms, and even
more preferably 2-4 carbon atorns, "Hydroxyalkyl starch” therefore preferably comprises
hydroxyethyl starch, hydroxypropyl starch and hydroxybutyl starch, wherein hydroxyethyl
starch and hydroxypropy! starch are particularly preferred.

(6146} . Hydroxyatkyl starch comprising two or more different hydroxyalkyl groups is also
comprised in the present invention. The at Jeast one hydroxyalkyl group compiised in HAS
may contain two or more hydroxy groups. According to one embodiment, the at least one

hydroxyalkyl group comprised HAS contains one hydroxy group.
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1081477  The term HAS also includes derivatives wherein the alkyl group is mono-or
polysubstituted. In one emboediment, the alkyl group 1s substituted with a halogen, especially
fluorine, or with an aryl group, provided that the HAS remains soluble in water.
Furthermore, the terminal hydroxy group a of hydroxyalkyl group may be esterified or
etherified, HAS derivatives are described in WGO/2004/024776, which is incorporated by

reference in its entirety.
D, Methods of attachment

(601481 A therapeutic protein may be covalently linked to the polysaccharide compounds
by any of various techniques known to those of skill in the art. In various aspects of the
invention, sialic acid moieties are bound to a therapeutic protein, e.g., FIX, FVII, FVIla or
YWE, for example by the method described in US Patent No, 4,356,170, which is herein

incorporated by reference.

(001491 Other technigues for coupling PSA to polypeptides are also known and
conternplated by the invention. For example, US Publication No, 2007/0282096 describes
conjugating an amine or hydrazide derivative of, e.g., PSA, to proteins. In addition, US
Publication No., 2007/0191597 describes PSA derivatives containing an aldehyde group for
reaction with substrates (e.g., proteins} at the reducing end. These references are

incorporated by reference 1n their entireties.

[GO156]  Various methods are disclosed at column 7, line 15, through colomn §, line 5 of
1.8, Patent No. 5,846,951 {incorporated by reference in its entirety). Exemplary techniques
inciude linkage through a peptide bond between a carboxyl group on one of either the blood
coagulation'protein or polysaccharide and an amine group of the bleod coagulation protein or
polysaccharide, or an ester linkage between a carboxyl group of the blood coagulation protein
or polysaccharide and a hydroxyl group of the therapeutic protein or polysaccharide. Another
tinkage by which the therapeutic protein is covalently bonded to the polysaccharide
compound is via a Schiff base, between a free amino group.on the blood coagulation protein
bei.ng reacted with an aldehyde group formed at the non-reducing end of the polysaccharide
by pericdate oxidation (fennings HJ and Lugowski €, J Immunol. 1981;127:1011-8;
Fernandes Al and Gregoriadis G, Biochim Biophys Acta. 1997;1341;26-34). The generated
: Schiff base is in one aspect stabilized by specific reduction with NaUNBHS3 to form a
secondary amine. An alternative approach is the generation of terminal {ree amino groups in

the PSA by reductive amination with NHACI after prior oxidation. Bifunctional reagents can
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be used for linking two amino or two hydroxyl groups. For example, PSA containing an
amino group is coupled to amino groups of the protein with reagents like BS3
(Bisfsulfosnccinimidylsuberate / Pierce, Rockford, 11). In addition heterobifunctional cross
linking reagents like Sulfo-EMCS (N-g-Maleimidocaproyloxy) sulfosuccinimide ester /

Pierce) is used for instance to link amine and thicl groups.

{B015%]  Inanother approach, a PSA hydrazide is prepared and coupled to the carbohydrate
motiety of the protein after prior oxidation and generafion of aldehyde functions,

01521 As described above, a2 free amine group of the therapeufic protein reacts with the
I-carboxyl group of the sialic acid residue to form a peptidyl bond or an ester linkage is
formed between the |-carboxylic acid group and a hydroxyl or other suitable active group on
a blood coagulation protein, Alternatively, a carboxyl group forms a peptide linkage with
deacetylated 5S-amino group, or an aldehyde group of a molecule of & therapeutic protein

forms a Schiff base with the N-deacetylated 5-amino group of a sialic acid residue.

[B01537  Alrernatively, the polysaccharide compound is associated in a non-covalent
manner with a therapeutic protein. For example, the polysaccharide compound and the
pharmacentically active compound are in one aspect linked via hydrophobic interactions.
Other non-covalent associations include ejectrostatic interactions, with oppositely charged

ions attracting each other,

001541 In various embodiments, the therapentic protein s Hnked to or associated with the
polysaccharide compound in stoichiometric amounts (e.g., 111, 1:2, 1.3, 1.4, 1.5, 16, 1.7, 1.7,
1:8, 1:9, or 1:10, ete)). In various embodiments, 1-6, 7-12 or 13-20 polysaccharides are
linked to the blood coaguiation protein. In still other embodiments, 1,2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20 or more polysaccharides are linked to the blood

coagulation protein.

(061551 In various embodiments, the therapeutic protein is modified to introduce
glycosylation sites {1.e., sites other than the native glycosylation sites). Such modification
may be accomplished using standard molecuiar biclogical techniques known in the art.
Moreover, the therapeutic protein, prior to copjugation to a water soluble polymer via one or
more carbohydrate moieties, may be glycosylated in vivo or in vifro, These glycosylated
sifes can serve as targets for conjugation of the proteins with water soluble polymers (US
Patent Application No. 20090028822, US Patent Application No, 2009/0093399, 1S Patent
Application No, 2009/0081188, US Patent Application No, 2007/0254836, US Patent
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Application No. 2006/0111279, and DeFrees 5. et al., Glycobiclogy, 2006, 16, 9, 833-43).
For example, a protein that is not naturally glycoslyated in vive {e.g., a protein that isnota

glycoprotein) may be modified as described above.
E. Aminooxy linkage

f00156]  Inoneembodiment of the invention, the reaction of hydroxylamine or
hydroxylamine derivatives with aldehydes (e.g., on a carbohydrate moiety following
oxidation by sodium periodate) to form an oxime group is applied to the preparation of
conjugates of blood coagulation protein. For example, a glycoprotein (e.g., a therapentic
protein according to the present invention) is first oxidized with a oxidizing agent such as
sodivm periodate (Nai4) (Rothfus JA et Smith EL., J Biol Chem 1963, 238, 1402-10; and
YVan Lenten L and Ashwell G., J Biol Chem 1971, 246, 1889-94). The periodate oxidation of
glycoproteins 1s based on the classical Malaprade reaction described in 1928, the oxidation of
vicinal diols with periodate to form an active aldehyde group (Malaprade L., Analytical
application, Bull Soc Chim France, 1928, 43, 683-96). Additional examples for such an
oxidizing agent are lead tetraacetate { Pb(QAc)4 ), manganese acetate { MinO(Ac)3 3, cobalt
acetate {Co{OAC)2 ), thallium acetate (TIGAC), cerium sulfate { Ce(SG4)2 ) (US 4,367,309)
or potassium perruthenate { KRuO4 ) (Marko et al,, ] Am Chem Scc 1997,119, 12661-2). By
“oxidiring agent” 2 mild oxidizing compound which is capable of oxidizing vicinal diols in
carbohydrates, thereby generating active aldehyde groups under physiclogical reaction

conditions is meant.

(001577 The second step is the coupling of the polymer containing an arninooxy group to
the oxidized carbohydrate moiety to form an oxime Iinkage:. In one embodiment of the
invention, this step can be carried out in the presence of catalytic amounts of the nucleophilic
catalyst aniline or aniline derivatives (Dirksen A et Dawson PE, Bioconjugate Chem, 2608,
Zeng Y et al, Nature Methods 2009:6:207-9). The aniline catalysis dramatically accelerates
the oxirne ligation alfowing the use of very low concentiations of the reagents. In another
embodiment of the invention the oxime linkage is stabilized by reduction with NaCNBH3 to

form an alkoxvyamine linkage (Figure 2). Additional catalysis are described below,

{01581  Additional information on amincoxy technology can be found in the following
references, each of which is incorperated in their entireties: EP 1681303A1 (HASylated
erythropoieting, WO 2005/014024 (conjugates of a polymer and a protein linked by an oxime

linking group); W096/40662 (aminooxy-containing linker compounds and their application
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in conjugates); WO 2008/025856 (Modified proteins); Perl F et al, Tetrahedron 1998, 34,
12260-78; Kubler-Kielb I et. Pozsgay V., J Org Chem 2003, 70, 6887-90; Lees A etal,
Vaceine 2006, 24(6), 716-29; and Heredia KL et al,, Macromoecules 2007, 40014y, 4772-9.

[GO1501  In various embodimentis of the invention, the water soluble polymer which is
finked according to the aminooxy technology desciibed herein to an oxidized carbohydrate
moiety of a therapeutic protein (e.g., FVII, FV1a, or FIX) include, but are not limifed to
polyethylene glycel (PEG), branched PEG, polysialic acid (PSA), carbohydrate,
polysaccharides, pullulane, chitosan, hyaluronic acid, chondroitin sulfate, dermatan snifate,
starch, dextran, carboxymethyl-dexiran, polyalkylene oxide (PAQ), polyalkylene glycol
(PAG), polypropylene glycol (FPG) polyoxazoline, poly acryloyhmorpholine, polyvinyl
alcohol {PVA), polycarboxylate, polyvinylpyrrolidone, polyphosphazene, polyoxazoline,
polyethylene-co-maleic acid anhydride, polystyrene-co-maleic acid anhydride, poly(i-
hydroxymethylethylene hydroxymethylformal) (PHF), Z-methacryloyloxy-27-
ethyltrimethylammoniumphosphate (MPC).

NMUCLEOPHILIC CATALYSTS

(061607 As decribed herein, the conjugation of water soluble polymers (o therapeutic
proteins can be catalyzed by aniline. Aniline strongly catalyzes aqueons reactions of
aldehvdes and ketones with amines to form stable imines such as hydrazones and oximes.

The following diagrarn compares an uncatalyzed versus the aniline-catalyzed oxime higation

reaction (Kohler 37, ChemBioChem 2009;10:2147-30):
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601617  However, considering the numercus health risks associated with aniline,

alternative catalysts are desirable. The present invention provides aniline derivatives as
alternative oxime ligation catalvsts, Such aniline derivatives include, but are not limited to,
o-amino benzoie acid, m-amine benzoic acid, p-amine benzoic acid, sulfanilic acid, o-
aminobenzamide, o-toluidine; m-toluidine, p-toluidine, o-anisidine, m-anisidine, and p--
anisidine.

(801621  Inone embodiment of the invention, m-toluidine (aka meta-tohiidine, m-
methylaniline, 3-methylaniline, or 3-amino-1-methylbenzene) is used to catalyze the
conjugation reactions described herein. M-toluidine and aniline have similar physical

properties and essentially the same pKa value (m-toluidine: pKa 4.73, aniline: pKa 4.63).



(081631 The nucleophilic catalysts of the invention are useful for oxime ligation (e.g, using
aminooxy linkage) or hydrazone formation (e.g., using hydrazide chemistry). In various
embodiments of the invention, the nucleophilic catalyst is provided in the conjugation
reaction at a concentration of of 0.1, 0.2, 0.3, 0.5, 0.5, 0.6, 0.7, 0.5, 0.9, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5,4.0,4.5,5.0,55,6.0,6.5,7.0,7.5,8.0,85,9.0,95,10.0, 11,12, 13, 14, 15, 16, 17, 1§,
19, 20,25, 30, 35, 40, 45, or 50 mM. In one embodiment, the nucleophilic catalyst 1s
provided between 1 to 10 mM. In various embodimentis of the invention, the pH range of
conjugation reaction is 4.5, 5.0, 5.5, 6.0, 6.5, 7.0 and 7.5, In one embodiment, the pH is

befween 5.5 t0 0.5,
PURIFICATION OF CONJUCATED PROTEINS

(001641 In various embodiments, purification of a protein that has been incubated with an
oxidizing agent and/or a therapentic protein that has been conjugated with a water soluble
polymer according to the present disclosure, is desired. Numerous purification technigues are
known in the art and include, without Himitation, chromatographic methods such as ion-
exchange chromatography, hydrophobic interaction chromatography, size exclusion
chromatography and affinity chromatography or combinations thereof, filtration methods,
and precipitation methods (Gulde to Protein Purification, Meth. Enzymology Yol 463 (edited

by Burgess RE and Deutscher MP), 2™ edition, Academic Press 2009)..

801657  The following examples are not intended to be Hmiting but only exemplary of

specific embodiments of the invention.
EXAMPLES
Fxample 1

Preparation of the homobifunctional linker MELJOCH,CHa [HONH,

(901661 The homobifunctional Hnker NHE,[OCH,CH,1,ONH,

[00167]  (3-oxa-pentane-1,5-dioxyamine) containing two active aminooKy groups was
synthesized according to Boturyn et al. (Tetrahedron 1997;53:5485-92) in a two step organic
reaction employing a modified Gabriel-Synthesis of primary amines {(Figure 3). In the first

step, one molecule of 2,2-chlorodisthylether was reacted with two molecules of Endo-N-



hydroxy-5-norbornene-2,3-dicarboximide in dimethylformamide (DMF). The desired
homobifunctional product was prepared from the resulting intermediate by hydrazinolysis in

ethanol.
Exzample 2

Preparation of the homobifunctional linker NH,[OCHCH, L ONH;

[361681  The homobifunctional linker NH,[OCH,CH [, ONH,

Fal “f;}’”“"‘wg S o S’**\lw«_:’ Q'““A-\,;éf’ﬁ“.“@-’.“"FME
[G0169]  (3,6,9-trioxa-undecane-1,11-dioxyamine) containing two active aminooxy groups
was synthesized according to Boturyn et al. (Tetrahedron 1997;53:5485-02) inatwo step
organic reaction employing a modified Gabriel-Synthesis of primary amines (Figure 3). In
the first step one molecule of Bis-{2-(2-chlorethoxy)-ethyl)-ether was reacted with two
moleculies of Endo-N-hydroxy-5-norbormene-2,3-dicarboximide in DMFE. The desired
homobifunctional preduct was prepared from the resulting intermediate by hydrazinolysis in

ethanoi.
Exampie 3

Preparation of the homobifunctional Hinker NH-TOCH, CH J«ONH,

[17G]  The homobifunctional linker NH,[OCH,CH, [« ONH,

HEN/O\/\\O/\/O\V//\O‘/\\JO\/\Q/’\\'/O\NH2

[CO17E]  (3,6,9.12,15-penatoxa-heptadecane-1,17-dioxyamine) containing two active
aminooxy groups was synthesized according to Boturyn et al. (Tetrahedron 1997,53:5485-92)
in a two step organic reaction employing a modified Gabriel-Synthesis of primary amines, In
the first step one moiecule of hexaethylene glycol dichloride was reacted with two molecules
of Endo-N-hydroxy-5-norbornene-2,3-dicarboximide in DMF, The desired homobifunctiona

product was prepared from the resulting infermediate by hydrazinolysis in ethanol.



Exampie 4

Detailed synithesis of the arninooxy-PSA reagent

[08172]  3-oxa-pentane-1,5 dioxyamine was synthesized according to Botyryn et al

(Tetrahedron 1997; 53:5485-92) in a two step organic synthesis as outlined in Example 1.

(0617371  Toasolution of Endo-N-hydrozy-5-norbonene-2,3- dicarboxiimide (59.0 g;

1.00 eq) in 700 ml anhydrous N.N-dimetylformamide anhydrons K, COs (4551 g; 1.00 eq)
and 2,2-dichlorodiethylether (15.84 ml; 0.41 eq) were added. The reaction Mikture was
stirred for 22 h at 50°C. The mixture was evaporated to dryness under reduced pressure. The
resichue was suspended in 2 L dichloromethane and extracted two times with satarated
acueous NaCl-solution (each 1 L. The Dichloromethane layer was dried over Na;SO4 and
then evaporated to dryness under reduced pressare and dried in high vacuum to give 64.5 g of
3-oxapentane-1,5-dioxy-endo-2',3-dicarboxydiimidenorbornene as a white-yellow golid

(intermediate 1).
Stepd:

061741 To asolution of intermediate 1 ( 64.25 g 1.00 eq) in 800 ml anhydrous Ethanol,
31.0 m] Hydrazine hydrate (4.26 eq) were added. The reaction raixture was then refluxed for
9 hrs. The mixture was concentrated 1o the half of the starting volume by evaporating the
solvent under reduced pressure, The occurring precipitate was filtered off. The rern aining
ethanol Tayer was evaporated to dryness under reduced pressure. The residue containing the
crude product 3-oxa-pentane -1,5-dioxyarnine was dried in vacuum to yield 46.3 g. The
ernde product was further purified by column chromato graphy (Silicagel 60; isocratic elution
with Dichloromethane/Methanol mixiure, 9/1) to vield 11.7 g of the pure final product 3-0xa-

pentane -1,5-dioxyamine.
Fxampie 5

Preparation of aminooxy-£5A

[ou1751 1000 mg of oxidized PSA (MW = 20 kD) obtained from the Serum Institute of
India (Pune, India) was dissolved in 16 ml 50 mM phospate buffer pH 6.0, Then 170 mg 3-
oxa-pentane- },5-dioxyamine was given to the reaction mixture. After shaking for 2 hrs at RT
78.5 mg sodinm cyanoborahydride was added and the reaction was performed for 18 hours

over night. The reaction mixture was then subjected to a ultrafiftration/diafiltration procedure
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(UE/DF) using a membrane with a 5 kD cut-off made of regenerated cellulose (50 em”®,

Millipore).
Exampie 6

Preparation of amincoxy-PSA employing a chromatographic purification step

(00T76) 1290 me of oxidized PSA (MW = 20 kD) obtained from the Serum Institute of
India (Pune, India) was dissolved in 25 ml 50 mM phosphate buffer pH 6.0 (Bufffer A).

Then 209 myg 3-oxa-pentane-1,5-dioxyamine was given to the reaction mixtare. After
shaking for 1 h at RT 101 mg sodium cyanoborohydride was added and the reaction was
peviormed for 3 hours, Then the mixture was then subjected io a weak anion exchange
chromatography step employing a Fractogel EMD DEAE 650-M chromatography gel
{column dimension: XK26/135), The reaction mixture was diluted with 110 m! Buffer A and
loaded onto the DEAE columnn pre-eguilibrated with Buffer A at a flow rate of | cm/min.
Then the column was washed with 20 CV Buffer B (20 mM Hepes, pH 6.0} to remove free 3-
oxa-pentane-1,5-dioxyarmine and cyanide at a flow rafe of 2 em/min. The amincoxy-PSA
reagent was then eluted with a step gradient consisting of 67% Buffer B and 43% Buffer C
(20 mM Hepes, IM Na(l, pH 7.5). The eluate was concentrated by UF/DF using a 5 kD
membrane made of polyether sulfone (50 cm?, Millipore). The final diafiltration step was
performed against Buffer D (20mM Hepes, 90mM NaCl, pH 7.4). The preparation was
analytically characterized by measuring total PSA (Resorcinol assay) and total aminooxy
groups (TNBS assay) to determine the degree of modification. Furthermore the polydispersity

as well as free 3-oxa-pentane-1,5-dioxyamine and cyanide was determined.
Example 7

Preparation of aminooxy-PSA without a reduction step

661771 573 mg of oxidized PSA (MW =20 kD) obtained from the Serum Institute of
India (Pune, India) was dissolved in 11,3 m! 50mM phosphate buffer pH 6.0 (Bufffer A).
‘Then 94 mg 3-oxa-pentane-1,5-dioxyamine was given to the reaction mixfure. After shaking
for 5 hat RT the mixture was then subjected to a wealk anion exchange chromatography step
employing a Fractogel EMD DEAE 650-M chromatography gel (column dimension;
XK16/105). The reaction mixture was diluted with 50 ml Buffer A and loaded onic the
DEAE column pre-equilibrated with Buffer A at a flow rate of { em/min, Then the column
was washed with 20 CV Buffer B (20 mM Hepes, pH 6.0) to remove fiee 3-oxa-pentane-1,5-

diexyamine and cyanide at a flow rate of 2 cm/min. The aminooxy-PSA reagent was the
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eluted with a step gradient consisting of 67 % Butfer B and 43 % Buffer C (20 mM Hepes,

{ M NaCl, pH 7.5). The eluate was concentrated by UF/DF using a 5 kI membrane made of
polyether sulfone (50 cm”, Millipore). The final diefiliration step was performed against
Buffer D (20 mM Hepes, 90 mM NaCl, pH 7.4). The preparation was analytically
characterized by measuring total PSA (Resorcinel assay) and total aminooxy groups (TNBS
aszay) o determine the degree of modification, Furthermore the polydispersity as well as free

3-oxa-pentane-1,5-dioxyamine was determined.
Example 8

Preparation of aminooxy-PSA without a reduction step in the presence of the nucicophilic

catalvst m-tolaidine

[G0178] 573 mg of oxidized PSA (MW = 20 kD) obtained from the Serum Institute of
India (Pune, India) is dissolved in 9 ml 50 mM phosphate buffer pH 6.0 (Bufffer A). Then 54
mg 3-oxa-pentane-1,5-dioxyamine is given to this solution. Subsequently 2.3 ml of a 50 mM
m-toluidine stock solution are added to this reaction mixture. After shaking for 2 h at RT the
mixtere is then subjected to & weak anion exchange chromatography step employing &
Fractoget EMD DEAE 650-M chromatography ge! (column dimension: XK16/105). The
reaction mixiure is diluted with 50 ml Buffer A and loaded onto the DEAE column pre-
equilibrated with Buffer A at a flow rate of 1 cm/min. Then the column is washed with
200V Buffer B (20 mM Hepes, pH 6.0} to remove free 3-oxa-pentane-1,5-dioxyamine and
cyanide at a flow rate of 2 cm/min. The amincoxy-PSA reagent is the eluted with a step
gradient consisting of 67 % Buffer B and 43 % Buffer C (20 mM Hepes, 1 M NaCl, pB 7.5).
The eluate is concentrated by UF/DF using a 5 XD membrane made of polyether sulfone

(30 cr®, Millipore), The final diafiltration step is performed against Buffer D (20mM Hepes,
90mM NaCl, pH 7.4). The preparation is analytically characterized by measuring iotal PSA
(Resorcinol assay) and fotal aminooxy groups (TNBS assay) to determine the degree of
modification. Furthermore the polydispersity as well as fiee 3-oxa-pentane-1,5-dioxyamine

15 determined.
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Example 9

Preparation of aminooxy-PSA reagent

(301791 An Aminooxy - PSA reagent was prepared according to the Examples 4 - 8. After
diafiltration, the product was {rozen at -80°C and lyophilized. After Iyophilization the
reagent was dissolved in the appropriate volume of water and vsed for preparation of PSA-
protein conjugates via carbohydrate modification.

Example 10

Evaluation of the efficacy of different alternative nucleophilic catalysts

(001807  rFIX was incubated with sodium periodate, aminooxy-PSA reagent under
standardized conditions (! mg/ml rFIX in 20 mM L-histidine, 150 mM Nall, 5 mM CaCl,,
pH 6.0, 5-fold molar aminooxy-PSA reagent excess, 100 pM NalQy) using different
nucieophilic catalysts (aniline, m-toluidine, o-anisidine, m-anisidine, o-amincbenzoic acid,
m-aminobenzoie acid, p-aminobenzoic acid, p-aminobenzamide, sulfanilic acid / standard
concentration: 10 mM) The reaction was carried out for 2 hrs in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of aqueous cysteine solution with a final concentration of | mM.

[B0181] The coupling efficiency was determined by SDS-PAGE vsing an iInvitrogen X-cell
mini system. Samples were spiked with Hthium dodecy! sulfate (L.DS) buffer and denatured
for 10 min at 70°C., Then the samples were applied on 3-8 % TRIS-acetate gels and ran at
150V for 60 min. Subsegquently the gels were stained with Coomassie,

[63182] In addition the samples were characterized by use of a SEC-HPLC system using a
Agilent 1200 HPLC systern equipped with a Shodex KW 803 column under conditions as
previcusly described (Kolarich et al, Transfusion 2000:46:1959-773,

[(183] 50 pl of samples were injected undiluted and eluted isocratically with a 0.22 um
filtered solution of 20 mM NaH2PO4, 50 mM Na2S04, pH 6.1 at a flow rate of 0.5 mU/min.
The elution pattern was recorded at 280 nm.

(801847 The results are summarized in Figures 5A-C and 6 (8D PAGE) and Table 2
(SEC- HPLLC results). The catalytic effect of the different preparations is demonstrated. Itis

shown that the use of m-toluidine leads to eguivaient results as obtained with aniline.
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Table 2

nucleophilic cataiy#ts L?i-Pii‘iiaied PSA:;;{;?rFEK fren rFIX

ne catalyst 4.5% 24.9% 70.6%

| LomM aniline 41.7% 33.6% 18.7%
10mM mi-toluidine 31.4% 40.8% 27.8%
10mM o-aminobenzioc acid 30.9% 3B.5% 30.6%
10mM m-aminobenzioc acid 37.6% 38.0% 24.4%
18mM p-aminobenzioc acid 18.1% 39.3% 42.6%
16mm o-aminckenzamide 15.9% 38.4% 45.7% |
10mM subfanilic acid 11.8% 35.8% 52.4%

Exampls 11

Polvsialvlation of rFIX using aminooxy-PSA and m-tolyidine as 2 pucleophilic catalyst
tethod 1o

FOGI851  12.3 mg rPIX was dissolved in 6.1 mi histidine buffer, pil 6.0 (20 mM L-histidine,
150 mM MaCl, 5 md CaCl2). 254 i of an agueous sodium periodate solution (5 mM) was
then added and the reaction mixture is incubated for 1 h in the dark at 4°C under gentle
stirring and gquenched for 15 min at oo temperature by the addition of 6.5 plofal M
agueous cysteine solution. The mixture was subsequently subjected to UH/DE emploving
Vivaspin 15R 10 kD centrifugal filtrators to remove excess p@fioda‘t@, guencher and the

byproducts thereof,

[00i%] The retentate (8.8 mb), containing oxidized rFIX was mixed with 2.46 ml of an
aqueons m-toluidine solution (50 mM) and incubated for 30 min at room temperatare. Then
aminooxy-PSA reagent with a MW of 20 kD (described above) was added to give a 5-fold
molar reagent excess. This mixture was incubated for 2.5 h at RT in the dark under gentle

stirring.

(601871 The free rFIX was removed by means of anion exchange chromatography (AEC)
The reaction mixture was difuted with 15 ml Buffer A (50 mM Hepes, 5 mM CaCl2, pH 7.5)

and loaded onto a 20 mi HiPrep QFF 16/10 column (GE Healtheare, Faurfield, UT) pre-
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equitibrated with Butfer A. The column was then eluted with Buffer B (50 mM Hepes, 1 M
NaCl, 5 mM Call12, pH 7.5). Free rFPIX elutes at a conductivity between 12-25 mS/em and
the conjugate between 27-45 mS/cm. The conductivity of the conjugate containing fractions
was subsequently raised to 190 mS/em with Buffer C (50 mM Hepes, M Na(l, 5 mM
CaCl2, pH 6.9) and loaded onto a 20 ml HiPrep Butyl FF 16/10 colurmn (GE Healthcare,
Fairfield, CT) pre-equilibrated with Buffer I (50 mM Hepes, 3 M NaCl, 5 mM CaCl2, pH
6.9). Free amincoxy-PSA reagent was washed out within 5 CV Buffer D. Subsequently the
conjugate 1s eluted with 100 % Bulfer E (50 mM Hepes, 5 mM CaClZ, pH 7.4). The
conjugate containing fractions were concentrated by UF/DF using Vivaspin 153R 10 kD
centrifugal fltrator, The final diafiltration step was performed against histidine buffer,

pH 7.2 containing 150 mM NaCl and 5 mM CaCC12, The preparation was analytically
characterized by measuring total protein (Bradford) and FIX chromogenic activity, The
PSA-rIIX conjugate showed a specific activity of > 50% in comparison to native rFIX is

determined.
Method 2:

(O0188]  12.3 mg rFIX is disselved in in L-histidine buffer, pH 6.0 (20 mM L-histidine, 150
mM NaCl, 5 mM CaCl2) to get a final protein concentration of I mg vFIX /ml A 5 mM
atreous sodium periodate solution is added to get a final concentration of 100 uM and the
reaction mixture is incubated for 1 hour in the dark at 4°C under gentle stirring at pH 6.0 and
guenched for 15 min at room temnperature by the addition of an | M aqueous L-cysteine
solution {or other quenching reagents) to get a final concentration of 10 mM. The mixture is
subsequently subjected to UN/DE emploving Vivaspin [5R 10 kD centrifugal filtrators to

remove excess periodate, quencher and the byproducts thereof.

[00189] The obiained retentate (8.8 ml), containing oxidized 71X, is mixed with an
aqueons m-toluidine solution (50 mM) to give a final concentration of 10 mM and incubated
for 30 min at room temperature. Then aminooxy-PSA reagent with a MW of 20 kD
(described above) is added to give a 5-fold molar reagent excess. This mixtare was incubated
at pt 6.0 for 2.5 hours at room temperature; 3.5 hours to 18 hours at +4°C) in the dark under

gentle stirring.

-T79 -



[001%G]  The free rFIX is rermoved by means of anion exchange chromategraphy (AEC).
The reaction mixture is diluted with appropriate amounts of Buffer A (50 mM Hepes, 5 mM
CaCi2, pH 7.5) to correct the solutions conductivity and pH prior 1o lead onto a 20 ml HiPrep
QFF 16/10 column (GE Healtheare, Faicfield, CT) pre-equilibrated with buffer A. Then the
column is efuted with Buffer B (50 mM Hepes, 1 M Na(3, 5 mM.CaClZ, pH 7.5). Free rFIX
1g eluted by a step gradient nsing 25 % of Buffer B, which results in a conductivity between
12-25 mS/cm in the obtained fraction and the conjugate using a step gradient of 50 % Butfer
B, which results in a conductivity between between 27-45 mS/cm in the conjugate fraction.
The conductivity of the conjugate containing fraction is subseguently raised to 190 mS/em
with Buffer C (50 mM Hepes, 5 M NaCl, 5 mM CaCl2, pH 6.9 or by use of anfi-chactropic
salts e.g. ammoniun sulphate, ammonium acefate etc.) and loaded onto a 20 mi HiPrep Butyl
FF 16/10 column (GE Healthcare, Falcfield, CT or comparable HIC media) pre-equilibrated
with Buffer I (50 mM Hepes, 3 M NaCl, 5 mM CaClZ, pH 6.9). Free aminooxy-PSA
reagent is washed out within 5 CV Bulfer D, Subsequently, the conjugate is eluted with 100
% Buffer B (530 mM Hepes, 5 mM CaCliZ, pll 7.4). The conjugale containing fractions are
concentrated by UF/DF using a 10 kD membrane made of regenerated celluiose (88 cmZ, cut-
off 10 kD, Millipore). The final diafiltration step is performed against L-histidine buffer, pH
7.2 containing 150 mM NaCl and 5 mM CaClZ2, The preparation is analytically characterized
by measuring total protein (Bradford and BOA procedure) and FIX chromogenic- and
clotting activity, For the PSA-rFIX conjugate a specific activity of > 50 % in comparison to

native rF1X s determined.
Bethod 3:

MGOI%L] 25.4 mg rFIDC was dissolved in 18.7 mid histidine baffer, pH 6.0 20 mM -
histidine, 150 mM NaCl, 5 mM Ca(i2). 331 ul of an aqueous sodium periodate solution (5
mM) and 5.07 mi of an aqueous m-toluidine solution (50 mM) were then added.
Subsequently, the aminooxy-PSA reagent with a MW of 20 kID (described above) was added
to give a 5-fold molar reagent excess. The mixture was incubated for 2 h in the dark atreom
ternperature under gentle sturing and quenched for 15 min at room temperature by the
addition of 25 ui of 1 M agueous cysteine solution.

IG01921  The free rPIX was removed by means of anion exchange chromatography (ABC).
The reaction mixture was diluted with 20 ml Buffer A (50 mM Hepes, 5 mM Call2, pH 7.5)
and leaded onto a 20 ml FiPrep QIF 16710 column {GE Healtheare, Fairfield, CT) pre-

equilibrated with Buffer A. Then the column was eluted with Buffer B (50 mM Hepes, I M
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NaCi, 5 mM CaCi2, pH 7.5). Free rFIX eluted at a conductivity between 12-25 mS/em and
the conjugate between 27-45 mS/em. The conductivity of the conjugate containing fractions
was subsequently raised to 190 mS/cm with Buffer C (50 mM Hepes, 5 M NaCl, 5 mM
CaC12, pH 6.9} and loaded onto a 20 mi HiPrep Buty! FF 16/10 column {GE Healthcare,
Fairfield, CT) pre-equilibrated with Buffer D (50 mM Hepes, 3 M Na(l, 5 mM CaCl2, phH
6.9). Free aminooxy-PSA reagent was washed out within 3 CV Buffer D. Subsequently, the
conjugate was eluted with 100 % Buffer E (50 mM Hepes, 5 mM CaCl2, pH 7.4} The
conjugate contzining fractions were concentrated by UF/DF using a 1.0 kD membrane made
of regenerated cellulose (88 cmZ, cut-off 10 kD, Millipore). The final diafiltration step was
performed against histidine buffer, pH 7.2 containing 150 mM MNaCl and 5 mM CaCl2, The
preparation was analytically characterized by measuring total protein (Bradford) and FIX
chromogenic activity. Por the PSA-rFIX conjugate a specific activity of > 50 % in
comparison o native TFIX was determined. The conjugate was additionally analytically
characterized by Size Exchusion HPLC using a Agilent 1200 HPLC system equipped with a
Shodex KW 803 column under conditions as previously described (Kolarich et al,
Transfusion 2006:46:1059-77), it was shown that the preparation contains no free FIX, The
conjugate consisted of 57 % mono-polysialylated and 31 % di-polysialylated and 12 Te tr1-

polysialyated product,
Wethod 4:

101931 25.4 mg rFIX was dissolved in L-histidine buffer, pH 6.0 (20 mM {~histidine, 150
mM NaCl, 5 mM CaCl2) to get a final protein concentration of 2 mg rFIX / ml,
Subseguently an 5 mM aqueous sodium periodate solution was added within 15 minnies to
give a final concentration of 100 pM, followed by addition of an 50 mM aqueous m-toluidine
solution to get a final concentration of 10 M within a time period of 30 minuies. Then the
aminooxy-PSA reagent with a MW of 20 kD (described above) was added to give a 5-fold
molar reagent excess. After correction of the pH to 6.0 the mixture was incubated for 2 h in
the dark at room temperature under gentle stirring and quenched for 15 min at room

~ ternperature by the addition of a 1 M aqueous L-cysteine solution to give a final

concentration of 10 mM.

r00194]  The free rFIX was removed by means of ion exchange chromatography (1EC),
The reaction mixture was diluted with appropriate amounts of Buffer A (50 mM Hepes, 5
mM CaCl2, pll 7.5) to correct the solutions conductivity and pH value prior to load onto a 20

ml HiPren QFF 16/10 column {GE Healthcare, Fairfield, CT) pre-equilibrated with Buifer A
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Then the column was eluted with Buffer B (50 mM Hepes, 1 M NaCl, 5 mM CaClZ, pH 7.5}
Free rFIX was eluted by a step gradient using 25 % of Buffer B, which results in a
conductivity between 12-25 mS/cm in the obtained fraction and the conjugate using a step
gradient of 50 9% Buffer B, which results in a conductivity between 27-45 mS/cm in the
conjugate fraction. The conductivity of the conjugate containing fraction was subsequently
raised to 190 m&/cm with Buffer € (50 mM Hepes, 5 M Na(ll, 5 mM CaClZ, pH 6.9; by use
of anti-chaotropic salts e.g. ammonium acetate) and Joaded onto a 20 ml HiPrep Butyl FE
16/10 column (GE Healthcare, Fairfield, CT; or comparable HIC media} pre-cquilibrated
with Buffer D (50 mM Hepes, 3 M NaCL 5 mM CaCl2, pH 6.9}, Free aminooxy-PSA
reagent was washed out within 5 CV Buffer D, Subsequently the conjugate was eluted with
100 % Buffer B (50 mM Hepes, 5 mM CaCl2, pH 7.4). The conjogate containing fractions
were concentrated by UF/DEF wsing a 10 kD membrane made of regenerated cellulose (88
em?2, cut-off 10 kD, Millipore). The final diafiltration step was performed against L-histidine
buffer, pH 7.2 containing 150 oM NaCl and 5 mM CaClZ. The preparation was analytically
characterized by measuring total protein (Bradferd and BCA procedure) and FIX
chromogenic- and clotting activity. For the PSA-FIX conjugate a specific activity of > 50 %
in comparison (o native rFIX was determined. The conjugate was additionally analytically
characterized by Size Exclosion HPLC using a Agilent 1200 HPLC system equipped with &
Shodex KW 803 columm under conditions as previously described (Kolarich et al,
Transfusion 2006:46:1959-77). 1t was shown that the preparation contains no free FIX, The
conjugate consisted of 57 % mono-polysialylated and 31 % di-polysialylated and 12 % tri-

polysiatyated product.
Frample 12

Polysialviation of fFVII using aminooxy-PSA and m-toluidine as a nuclecphilic catalyst

Method 1

(o01551  50mg ;'FVH}; was transferred into reaction buffer (50 mM Hepes, 350 mM sodium
chloride, 5 mM calcium chloride, pH 6.0) and diluted to obtain a protein concentration of 1
mg/ml. To this solution, Nal(, was added to give a final concentration of 200 pM., The
oxidation was carried at RT for 30 min in the dark under gentle shaking. Then the reaction
was quenched with cysteine (final concentration: 10 mM) for 60 min at RT, The solution
was subjected to an [EX colurnn with a volume of 20 mi (Merck EMD TMAE (M)) which
was equilibrated with Buffer A (20 mM Hepes, 5 md CaCly pH 7.0). The column was



equiltbrated with 5 CV Buffer A, Then the oxidized rFVIII was eluted with Buffer B (20 mM
Hepes, 5 mM CaCl, 1M NaCl, pH 7.0}, The tFVII containing fractions were collected. The
protein content was determined (Coomassie, Bradford) and adjusted to 1 mg/ml with reaction
buffer and adjusted to pH 6.0 by dropwise addition of 0.5 M HCL Then a 50-fold molar
excess of a aminooxy-PSA reagent with 2 MW of 20 kI (described above) was added
foliowed by m-toluidine as a nucleophilic catalyst (final concentration: 10 mM). The
coupling reaction was performed for 2 hours in the dark under gentle shaking at room
temperature. The excess of aminooxy-PSA reagent was removed by means of HIC, The
conductivity of the reaction mixture was raised to 130 mS/cm by adding a buffer containing
ammonium acetate {50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M
ammonium acetate, pil 6.9} and loaded onto a column {illed with 80 ml Pheny! Sepharose FP
(GE Healtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium
acetate, 350 mM sodium chlofnide, 5 mM calcium chloride, pH 6.9, Subsequently, the
conjugate was eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl,. Finally, the
PSA-rFVII containing fractions were collected and subjected to UF/DF by use of a 30 kD
membrane made of regenerated cellulose (88cm”, Millipore). The preparation was
anaiytically characterized by measuring total protein (Coomassie, Bradford) and FVIIL
chromogenic activity, The PSA-rFVIH conjugate showed a specific activity of » 70% in
comparison to native rI7VII was determined.

Method 2

{00196] 58 mg of recombinant factor VIII (fFVII) derived from the ADVATE process in
Hepes buffer (50 mbd HEPES, 350 mM sodium chioride, 5 mM calcium chloride, 0.1 %
Polysorbate 80, pI3 7.4) is dissolved in reaction buffer (50 mM Hepes, 350 mM sodinm
chloride, 5 mM calcium chioride, pH 6.0} to get a final protein concentration of 1.0 -+/- 0.25
mg/ml. Then the pHi of the solution is corrected to 6.0 by drop wise addition of 2 0.5 N
aqucoﬁs HCl sofation. Subsequently, a 40 mM aqueous sodium periodate solution is added
within 10 minutes to give a concentration of 200 uM. The oxidation reaction is carried out for
30 +/- 5 min at a temperatare (T) of T=+22 +/- 2°C. Then the reaction is stopped by addition
of an agueous L-cysteine solution (1 M) within 15 minutes at T= +22 +/- 2°C to give a final

concentration of 10 mM in the reaction mixture and incubation for 60 -+/- 5 min.
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[G01%7]  The oxidized rFVHI is further purified by anion exchange chromatography on
EMD TMAE (M) (Merck). The mixture is diluted with Buffer A (20 mM Hepes, 5 mM
CaCly, pH 6.5) fo give a conductivity of 5 ms/cm. This solution is loaded onto the TEX
column (bed height: 5.4 cm) with a column volume of 10 ml using a flow rate of 1.5 em/min.
This column 15 subseguently washed (flow rate: 1.5 cm/rmin) with 5 CV of a 92:8 mixture
(w/w) of Buller A and Bufler B (20 mM Hepes, 5 mM CaCly, 1.0 M NaCl, ol 7.0). Then
the oxidized rEVIH] is eluted with 2 50:50 (w/w) mixture of Buffer A and Buffer B followed
by a postelution step with 5 CV of Buffer B, The elution steps are carried out by use of a

flow rate of 1.0 cm/min.

[CO1981  Subsequently, the aminooxy-polysialic acid (PSA-ONIH,) reagent is added in a 50-
told molar excess to the eluate containing the purified oxidized rIFVIIT within 2 maximuom
time period () of 15 minutes under gentle stirring, Then an aqueous m-tohuidine solution

(50 mM) is added within 15 minutes to get a fimal concentration of 10 mM. The reaction
mixture is incubated for 120 -+~ 10 min, in the dark at a temperature (T) of T 422 +/- 2°C

under gentle shaking.

[00199]  The obtained PSA-CFVII conjugate is purified by Hydrophobic Interaction
Chromatography (HIC) using 2 Phenyl Sepharose FE low sub resin (GE Healtheare) packed
mto a column manufactured by GE Healtheare with a bed height (h) of 15 cm and a resulting

column volume (CVY of 81 mi.

[06200]  The reaction mixture is spiked with ammonium acetate by addition of 50 mM
Hepes buffer, containing 350 mM sodium chloride, 8 M amumonium acetate, 5 M calcium
chloride, pH 6.9. Two volumes of the reaction mixture are mixed with 1 volume of the
ammonium acetate containing butfer system and the pH value is corrected to pH 6.9 by drop
wise addition of a 0.5 N aqueous NaOH solution. This mixture is loaded onto the HIC
column at flow rate of } em/min followed by a washing step using > 3 CV equilibration
buffer (530 mM Hepes, 350 mM sodium chionde, 2.5 M ammonium scetate, a mM calcium

chloride, pH 6.9).

[G201]  For removal of reaction by-products and anti-chaotropic salt a second washing
step is performed with > 3CV washing buffer 1 (30 mM Hepes, 3 M sodium chloride, 5 mM
calcium chioride, pH 6.9} in upflow mode at 2 flow rate of 2 co/min. Then elution of
purified PSA-rFVIT conjugate is performed in down flow mode using 2 step gradient of

40 9 washing butfer 2 (50 mM Hepes, 1.5 M sodium chloride, 5 mM calcium chloride, pH
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0.9} and 60 % elution buffer (20mM Hepes, SmM calcium chloride, pH 7.3} at a flow rate of
1 cm/min. The elution of the PSA-rFVIII conjugate is monitored at UV 280 nm and the
eluaie containing the conjugaie is collected within <4 CV. The post elution step is
performed with >3 CV elution buffer under the same conditions to separate minor and/or non

modified rFVII from the main product,

(602021 Finally the purified conjugate is concentrated by ulitra~/diafiltzation {UF/DF} using
a membrane made of regenerated celiulose with a molecular weight cut off 30kD (88cm?,

Miilipore).

100203]  The conjugate prepared by use of this procedure are analytically characterized by
measuring total protein, FVHI chromogenic activity and determination of the polysialyation
degree by measuring the PSA content (rescrcinol assay). For the conjugate obtained a

specific activity > 50% and a PSA degree > 5.0 15 calculated.
Method 3¢

[60204] 50 mg rFVIH was transferred into reaction buffer (50 mM Hepes, 350 mM sodium
chioride, 5 mM calcium chloride, pH 6.0) and diluted to obtain a protein concentration of |
mg/ml. A 50-fold molar excess of aminooxy-P5S A reagent with a MW of 20 kD (described
above) was added followed by m-toluidine as a nuecleophilic catalyst (final concentration: 10
Vi) and NalQy (tinal concentration: 400 uM). The coupling reaction was performed for 2
hours in the dark ander gentle shaking at room temperature, Subsequently, the reaction was
quenched with cysieine for 60 min at KT (final concentration: 10 mM). Then the conductivity
of the reaction mixture was raised io 130 mS/cm by adding a buffer containing ammoniom
acetate (50 mM Hepes, 330 mM sodium chloride, 5 mM calcinm chioride, 8 M amimonium
acetate, pH 6.9) and loaded onto a column filled with 80 ml Phenyl Sepharose FF (GE
Healtheare, Fairfleld, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chloride, 5 mM calcium chloride, 0.01 % Tween 80, pH 6.9, Subsequently,
the conjugate was eluted with 50 mM Hepes, 5 mM calcium chloride, pH 7.5, Finally, the
PSA-rEVII containing fractions were collected and subjected to UF/DF by use of a 30 kD
membrane made of regenerated cellulose {(88cm®, Milli pore}. The preparation was
analytically characterized by measuring total protein (Bradford) and FVHI chromogenic
activity. For the PSA-rEVII conjugate a specific activity of = 70% in comparison to native

rFVIT was determined.
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Method 4:

(02057 50 mg recombinant factor VI GFVIID) derived from the ADVATE process in 50
mM Hepes buffer (50 mM HEPES, ~350 mM sodium chloride, 5 mM calcium chioride, G.1

% Polysorbate 80, pH 7.4) was dissolved in reaction buffer (50 mM Hepes, 350 mM sodiam
chloride, 5 mM calcium chloride, pH 6.0} to get a final protein concentration of 1.0 -+/- .25

mg/ml. Then the pH of the solution was corrected to 6.0 by drop wise addition of a 0.5 N

aqueous HCI solution.

[06206]  Subsequently, the aminooxy-polysialic acid (PSA-ONH2) reagent was added v a
50-fold molar excess to this rFVIT solntion within a maximum time period (1) of 15 minutes
under gentle stiving. Then an agueous m-toluidine solution (530 mM) was added within 15

minutes to get a final concentration of 10 mM. Finally, a 40 mM agueons sodium pertodate

solution was added to give a concentration of 400 uM.

(602871 The reaction mixture was incubated for 120 +/- 10 min. in the dark ata
temperature (1) of T= 422 +/- 2°C under gentle shaking, Then the reaction was stopped by
the addition of an aqueous L-cysteine schution {1 M) to give a final concentration of 10 mM
in the reaction mixture and incubation for 60 +/- 5 min.

[00208]  The obtained PSA-rFVIH conjugate was purified by Hydrophobic Interaction
Chromatography (HiC) using a Phenyl Sepbarose FE low sub resin (GE Healthcare) packed
into a column manufactured by GE Healtheare with a bed height (h) of 15 cm and a resulting

cotumi volume (OV) of 81 ml

(042081 The reaction mixture was spiked with ammonium acetate by addition of of 50 mM
Hepes buffer, containing 350 mM sodium chlonde, § M ammonium acetate, 5 mM calcinm
chloride, pH 6.9. Two velumes of the reaction mixture was mixed with 1 vohume of the
amumoniuvm acetate containing buffer system and the pH value was corrected to pH 6.9 by
drop wise addition of an 0.5 N agueous NaOH solution. This mixture was loaded onio the
HIC column using a flow rate of 1 em/rmin followed by a washing step using > 30V
equilibration buffer (50 mM Hepes, 350 mM sodium chlonde, 2.5 M amumonium acetate, 5
mM caleiom chlernide, pH 6.9).

[30210] For removal of reaction by-products and anti-chaotropic salt a second washing
step was performed with > 5CV washing buffer 1 {50 mM Hepes, 3 M sodium chloride, 5
mM calcium chioride, pH 6.9} in upflow mode at a flow rate of 2 cr/min. Then elution of

purified sFVIIL conjugate was performed in down flow mode using a step gradient of 40 %
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washing buffer 2 (50 mM Hepes, £.5 M sodium c¢hloride, 5 mM calcium chloride, pH 6.9)
and 60 % elution buffer (20 mM Hepes, 5 mM calciam chloride, pH 7.5} at a flow rate of

I em/min, The elution of the PSA-rEVI conjugate was monitored at UV 280 nm and the
eluate containing the conjugate was collected within < 4 CV. The post elution step was
nerformed with > 3 CV elution buffer under the same conditions to separate minor and/or non

moedified rFVHI from the main product.
[0211]  Finally, the purified conjugate was concenirated by ultra-/diafiltration (UF/DE)
using a membrane made of regenerated celiulose with a molecular weight cut off 30kD
(88cm2, Mallipore).
[B0212] The conjugates prepared by use of this procedure were analytically characterized
by measuring total protein, FVII chromogenic activity and determination of the
polysialvation degree by measuring the PSA content {resorcinol assay).

Ansalytical data (mean of & consecutive batches):

Process vield (Bradford): 58.9%

Process yield (FVIl chrom.): 46.4%

Specific activity: (FVII chrom. / mg proteiny: 4148 1U/mg

Specific activity (% of starting material); 79.9 %

PSA degree (mol/mol): 8.1

Example 13

PEGylation of © FVIH using an amdnooxy-PEG reagent and m-toluidine as a nucleophilic

catalyst
Method 1:

[06213] rPVILis PEGylaied by use of a linear 20 k> PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan}. 14.7 mg rEVI is dissolved in 7.0 ml histidine buffer, pH 6.0
(20 mM L-histidine, 150 mM NaCl, 5 mM CaCl2), Then 296 ul of an a.queous sodium
periodate sotution (5 mM) is added and the reaction mixture is incubated for 1 h in the dark at
4°C under gentle stirring and quenched for 15 min at room temperature by the addition of 7.5
plof a 1 M agueous cysteine solution. The mixture was subsequently subjected to U.F/DF
employing Yivaspin 15R 10 kD centrifugal filtrators to remove excess periodate, quencher

and the byproducts thereotf,



[B02141  The retentate (10.9 ml), containing oxidized rFVIIL is mixed with 2.94 ml of an
aqueous ro-toluidine sobution (50 mM) and incubated for 30 min at room temperature. Then
aminooxy-PEG reagent with a MW of 20 kD 15 added to give a 5-foid molar reagent excess.

This mixture was incubated for 2.5 h at room temperatare in the dark under gentle stirring.

(062151 Finally, the PEG-rFVHI conjugate is purified by lon-exchange chromatography on
{3 Seprarose FE. L5 mg protein/mi gel is loaded on the column equilibrated with 50 mM
Hepes buffer, pH 7.4 containing 5 mM Cal’l2. The conjugate is eluted with 50 mM Hepes
buffer containing 5 mM CaCl2 and 500 mM sodivrn chloride, pH 7.4 and is then subjected to
UF/DF using a 36 kD membrane (50cmZ, Millipore). The preparation is analytically
characterized by reasuring total protein {Coomassie, Bradford) and FY I chromogenic
activity. 1t is expected that the PEGrFVIL conjugate will demonstrate a specific activity of

> 70% in comparison o native vV 1 was deterrnined.
Sethod 4

0216l rPVHL is PHGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan), A starting weight or concentration of rFVIH is dissolved in or
transterred o a reaction buffer (50 mM Hepes, 350 mM sodium chioride, 5 mM calcium
chloride, pH 6.0) to get a final protein concentration of 1.0 +/- 0.25 mg/m!. Then the pH of
the solution is corrected to 6.0 by drop wise addition of a 0.5 N aqueous HCI solution.
Subsequently a 40 mM aqueous sodium periodate solution is added within 10 minutes o give
a concentration of 200 M. The oxidation reaction is carried out for 30 +/-5 min at a
temperature (T of T=+22 +/- 2°C. Then the reaction is stopped by addition of an aqueous
Lecysteine solution (1 M) within 15 minutes at "T'=+22 +/- 2°C to give a final concentration

of 10 mM in the reaction mixture and incubation for 66 +/- 5 min.

62171 The oxidized rFVHI is further purified by anion exchange chromatography on
BEMD TMAE (M) (Mercl). The mixture is diluted with Bufier A (20 mM Hepes, 5 mM
CaCli2, pH 6.5) to give a conductivity of 5 ms/cm. This solution is loaded onto the TEX
colnmn (bed height: 5.4 om) with a column volume of 10 mi using a flow rate of 1.5 eny/min,
This column is subsequently washed (flow rate: 1.5 em/min) with 5 CV of a 52:8 mixture
(wiw) of Buffer A and Buffer B (20 mM Hepes, > mM CaC12, 1.0 M MaCl, pH 7.0}, Then
the oxidized rFV I 15 eluted with a 50:50 (w/w) mixture of Buffer A and Buffer B3 followed



by a postelution step with 3 CV of Butfer B. The elution steps are carried out by use of a

flow rate of 1.0 co/min.

[D0218]  Subsequently, the aminooxy-PEG reagent with a MW of 20 kD reagent is added in
a 50-fold melar excess to the eluate containing the purified oxidized rFVII within a
maximum. tme period (£) of 15 minutes under gentle stirring. Then an agueous m-toluidine
solution (50 mM) is added within 15 minutes to get a final concentration of 10 mM. The
reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature (1) of T= +22

+/- 2°C under gentle shaking.

[00219]  The obtained PEG-rFVIII conjugate is purified by Hydrophobic Interaction
Chromatography (HIC) using a Phenyl Sepharose FF low sub resin (GE Healthcare) packed
into a column manufactured by GE Healthcare with a bed height (h) of 15 cm and a resulting

column volume (CV) of 81 ml

(602201 The reaction mixture is spiked with ammonium acetate by addition of 50 mM
Hepes buffer, containing 350 mM sodium chloride, § M ammonium acetate, 5 mM calcium
chioride, pH 6.9, Two volumes of the reaction mixture are mixed with 1 volume of the
ammonium acetate containing buffer system and the pi value is corrected to pH 6.9 by drop
wise addition of a 0.5 W aqueous NaGH solution. This mixture is loaded onto the HIC
column uwsing a flow rate of 1 em/min followed by a washing step using > 3 CV equilibration
buffer (50 mM Hepes, 350 mM sodium chloride, 2.5 M ammonium acetate, 5 mM calcium

chloride, pH 6.9).

(8062211  For removal of reaction by-products and anti-chactropic salt 2 second washing
step is performed with > 5CV washing buffer 1 (30 mM Hepes, 3 M sodium chloride, 5 mM
calcium chloride, pH 6.9) in upflow mode at a flow rate of 2 cr/min, Then elution of
purified rFVIII conjugate is performed in down flow mode using a step gradient of 40 %
washing buffer 2 (50 mM Hepes, 1.5 M sodium chloride, 5 mM calcium chloride, pH 6.9)
and 60 % elution buffer (20mM Hepes, SmM calcium chloride, pH 7.5) at o flow rate of
Tem/min, The elution of the PEGrFVHI conjugate is menitored at UV 2380 nin and the
eluate containing the conjugate is collected within < 4 CV, The post elution step 1s
performed with > 3 CV elution buffer under the same conditions to separate minor and/or non

modified rFVII from the main product.



I60222]  Finally, the purified conjogate is concentrated by ultra-/diafiltration {UF/DE)
using 2 membrane made of regenerated cellulose with a molecular weight cut off 30kD

(Millipore).

[66223]  The conjngate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according to methods known in the art.
Method 3:

(002247 BV is PEGylated by vse of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
{(NOF Corp., Tokyo, Japan}, 7.84 mg rBVIIL dissolved in 6 m! Hepes buffer (50 mM Hepes,
150 mM sodium chloride, 5 mM calcium chioride, pi 6.0} are mixed with 314 pl of an
aqueous sodium periodate solution (10 mM), and 1.57 m] of an aqueous m-toluidine solution
(50 mM). Subsequenily the aminooxy reagent is added fo give a 20-{old molar reagent
excess. The mixture is incubated for 2 h in the dark at room temperature under gentle stirring
and guenched for 15 min at room temperature by the addition of 8 ul of agueous cysteine

sclution {1 M),

[(4225]  Finally the PEG-FVII conjugate is purified by ion-exchange chromatography on
{J-Sepharose FE, 1.5 mg protein/mt gel is loaded on the column pre equilibrated with 50 mM
Hepes buffer, pH 7.4 containing 5 mM CaCls. The conjugate is eluted with 50 mM Hepes
buffer containing 5 mM Call, and 500 mM sodium chloride, pt 7.4 and is then subjected to
UF/DF using a 30 kD membrane (88em?, Miilipore). The analytical characterization of the
conjugaie by VI chromogenic assay and determination of total protein (Bradford) shows a

specific activity of » 60% compared to the rEVIIL starting material.
Method 4:

602261 rEVIIL is PEGylated by use of a finear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan}. An infital concentration or welight of rFVTII is transferred or
dissolved in Hepes buffer (50 mM Hepes, 150 mM gsodizm chloride, 5 mM calcium chloride,
pH 6.0} to get a final protein concentration of 2 mg r¥VIIL/ ml. Subseguently, an 5 mM
agueous sodium periodate solution 1s added within 15 minutes to give a final concentration of
100 1M, followed by addition of an 50 mM aqueous m-iclhuidine solution to get a final
concentration of 10 mM within a fme period of 30 minutes., Then the aminocory-PEG

reagent with a MW of 20 kD (deseribed above) 1s added to give a 20-fold molar excess,
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After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of a I M aqueous L-cysteine solution to give afinal concentration of 10 mM.

[60227]  'The free rFVII is removed by means of ion exchange chromatography (IEC).
The reaction mixture was diluted with appropriate amounts of Buffer A (50 mM Hepes, 5
mM CaCl2, pH 7.5) to correct the solutions conductivity and phl value prior to load onto a 20
mi HiPrep QFF 16/10 column {GE Healtheare, Fairfield, OT) pre-equilibrated with Buffer A.
Then the column was efuted with Buffer B (50 mM Hepes, 1 M NaCl, 3 mM Ca(l2, pH1 7.5).
Free rBVIL was eluted by a step gradient using 25 % of Buffer B, which results in a
conductivity between 12-25 mS/cm in the obtained fraction and the conjugate using a step
gradient of 50 % Buffer B, which results in a conductivity between 27-45 mS/cm in the
conjugate fraction. The conductivity of the conjugate containing fraction is subsequently
raised with Buffer C (50 mM Hepes, 5 M NaC(l, 5 mM CaCl12, oH 6.9; by use of anti-
chaotropic salts e.g. ammonium acetate, ammonium. sulphate ete.) and loaded onto a 20 ml
HiPrep Butyl FF 16/10 column (GE Healthcare, Fairfield, CT; or comparable HIC media)
pre-equilibrated with Buffer D (50 mM Hepes, 3 M NaCl, 5 mM CaCl2, pH 6.9}, Free PEG-
reagent was washed out within 5 CV Buffer D, Subsequently, the conjugate was eluted with
106G % Butfer E (50 mM Hepes, 5 mM CaClZ, pH 7.4). ’I;he conjugate containing fractions
are concentrated by UF/DF using a 10 kDD membrane made of regenerated celluiose (88 cm?2,
cut-off 10 kD, Millipore). The final diafiltration step is performed against Hepes buffer

(50 mM Hepes, 3 mM CaCl2, pH 7.5).

[00228] The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biological activity according to known methods.
Example 14

Polvsialvlation of rFVIla using aminooxv-PSA and m-toluidine as a nucleophilic catalyst

Method 1:

[B0229] A starting concentration or weight of recombinant factor VIila (fFV1la) is
transferred or dissolved in reaction buffer (50 mM Hepes, 350 mM sodium chloride, 5 mM
calcium chloride, pH ©6.0) to get a final protein concentration of 1.0 +/- 0.25 mg/ml. Then the
pH of the solution is corrected to 6.0 by drop wise addition of a 0.5 M agueous NaGH
solution. Subsequently, a 40 mM aqueous sodium periodate solution is added within 10

minuies to give a concentration of 50 uM. The oxidation reaction is carried out for 30 +/-

.91



5 min at a temperatare (T) of T= 422 4/~ 2°C, Then the reaction is stopped by addition of an
aqueous L-cysteine solution (1 M) within 15 minutes at T = +22 +/- 2°C {0 give a final

concenfration of 10 mM in the reaction mixiure and incubation for 60 +/- 5 min.

1062301 The oxidized rFVIla is further purified by anion exchange chromatography on
EMD TMAE (M) (Merck). The mixtore is diluted with Buffer A (20 mM Hepes, 5 mM
(aCl,, pH 6.5) to give 2 conductivity of 5 me/em. This solution is loaded onto the TEX
column (bed height: 5.4 cm) with a column volwme of 10 ml using a flow rate of 1.5 cm/min.
This colummn is subsequently washed (flow rater 1.5 cm/min) with 5 CV of a 92:8 mixtre
(w/w) of Buffer A and Buifer B (20 mM Hepes, 5 mM CaC’l,, 1.0 M NaCl, pH 7.0). Then
the oxidized rFY a2 15 eluted with a 50:50 {w/w) mixture of Buffer A and Buffer B followed
by a postelation step with 5 CV of Buffer B. The elution steps are carried out by use of a

flow rate of 1.0 crv/min.

(602311 Subsequently, the amincoxy-polysialic acid (PSA-ONH,) reagent 1s added in a 50-
fold molar excess to the elvate containing the purified oxidized rFVIHa within a maximurm
tire peried {(0) of 15 minutes under gentle sturing. Then an aqueous m-toluidine solution
(50 mM) is added within 15 minutes to get a final concentration of 10 mM. The reaction
mixture is incubated for 120 +/- 10 mun. in the dark at 2 temperature (T of T 422 /- 2°C

ander gentle shaking.

{00232]  The obtained PSA-rEVHa conjugate is purified by Hydrophobic Interaction
Chromatography (HIC) using a Phenyl Sepharose FF low sub resin (GE Healtheare) packed
into a column manufactured by OF Healtheare with a bed height (h) of 15 cm and a resulting
coburnm volume (CV) of 81 ml.
[$0233]  The reaction mixture is spiked with ammoniom acetate by addition of 30 mM
Hepeas buffer, containing 350 mM sodium chloride, 8 M ammonium acetate, 5 mM calcium
chloride, pH 6.9, Two volumes of the reaction mixture are mixed with 1 volume of the
armmonium acetate containing buffer system. and the pH value is corrected to pH 6.9 by drop
wise addition of a 0.5 M aqueous NaGH solution. This mixture is Joaded onto the HIC
column using a flow rate of 1 em/min {ollowed by a washing step using > 3 CV equilibration
buffer (50 mM Hepes, 350 mM sodiurn chloride, 2.5 M ammoniwm acetase, % mM calcium

chioride, pI1 6.9).



(002341 For removal of reaction by-products and anti-chaotropic salt a second washing
step 18 performed with > 5CV washing buffer 1 (50 mM Hepes, 3 M sodium chioride, 5 mM
calcium chloride, pH 6.9) 1n upflow mode at a flow rate of 2 cm/min. Then elution of
purified rEVIla conjugate is performed in down flow mode using a step gradient of 40 %
washing buffer 2 (30 mM Hepes, 1.5 M sodium chloride, 5 mM calcium chloride, pH 6.9)
and 60 % elution butfer (20mM Hepes, SmM calciom chloride, pH 7.5) at a flow rate of

I cm/min. The elution of the PSA-rFVHa conjugate is monitored at UV 280 nm and the
eluate containing the conjugate 1s coliected within <4 CV. The post elution step is
performed with > 3 CV elution buffer under the sarme conditions to separate minor and/or non

modified (IFVIIa from the main product.

[06235]  Finally, the purified conjugate is concentrated by ultra-/diafiliration (UF/DF)
using a membrane made of regenerated cellulose with an appropriate molecular weight cut

off (e.g. 10 kID MWCQO, 88{:1."{12, Millipore).

[60236] The conjugate prepared by use of this procedure is analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay).
Method 2:

(802371 A starfing weight or concentration of rEV1la is dissolved in or transferred to 2
reaction buffer (50 mM Hepes, 350 mM sodivm chloride, 5 mM calcium chloride, pH 6.0) to
get a final protein concentration of 1.0 +/- 0.25 mg/mi. Then the pH of the solution is

corrected to 6.0 by drop wise addition of a 0.5 W aqueous NaOH solution,

(60238]  Subsequently, the aminooxy-polysialic acid (PSA-GNHy) reagent is added in a 50-
fold molar excess to this rFVIla solution within a maximum time period (t) of 15 minutes
under gentle stirring. Then an agueous m-tofuidine solution (50 mM) is added within

I3 minutes to get a final concentration of 10 mM. Finally a 40 mM aqueous sodiuvm periodate
solution is added to give a concentration of 150 yM. R
{062391  The reaction mixture is incubated for 120 +/- 10 min. in the dark at a teraperature
(1) of Ts 422 +- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aquecus L-cysteine solution (1 M) to give a final concentration of 10 mM in the reaction

Jmixiure and incubation for 60 +/- 5 min.
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[80240] The obtained PSA-rEVIIa conjugate is purified by Hydrophobic Interaction
Chromatography (HIC) using a Phenyl Sepharose FF low sub resin (GE Healtheare) packed
into a column manufactured by GE Healthcare with a bed height (h) of 15 cm and a resulting

column volume (CV) of 81 ml.

[B02417 The reaction mixture is spiked with ammonium acefate by addition of of 50 mM
Hepes buffer, containing 350 mM sodium chloride, 8 M ammonium acetale, 5 mM calcium
chloride, pH 6.9, Two volumes of the reaction mixture is mixed with 1 volume of the
ammonium acetate containing buifer system and the pH value is corrected to pH 6.9 by drop
wise addition of an 0.5 N aqueous NaOH solntion. This mixture 1s loaded onto the HIC
column using a flow rate of 1 co/min followed by a washing step using > 3CV equilibration
buffer (50 mM Hepes, 350 mM sodium chloride, 2.5 M aramonium acetate, 5 mM calcivm

chicride, pH 6.9).

(662421 For removal of reaction by-products and anti-chaotropic salt a second washing
step is performed with > 5CV washi,ng buffer 1 (530 mM Hepes, 3 M sodium chloride, 5 mM
calcium chloride, pH 6.9) in upflow mode at a flow rate of 2 cyn/min, Then elution of purified
rfVTla conjugate is performed in down flow mode using a step gradient of 40 % washing
buffer 2 (50 mM Hepes, 1.5 M sodium chloride, 5 mM calcium chloride, pH 6.9) and 60 %
elution buffer (20mM Hepes, SmM calcium chloride, pIt 7.5) at a {low rate of 1 crn/min. The
elution of the PSA-rI'VIIa conjugate 38 monitored at UV 280 nin and the elnate containing the

conjugate was collected within < 4 CV. The post elution step 15 performed with > 3 CV
elution buffer under the sarne conditions to separate minor and/or non modified rFVI from

the main preduoct.

[D0243]  Finally, the purified conjugate is concentrated by ultra-/diafiltration (UH/DE)
using a membrane made of regenerated cellulose (Millipore).

(602441  The conjugates prepared by ose of this procedure are analytically characterized by
measuring total protein, biclogical activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content {resorcinol assay).
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Example 15

PEGviation of tFIX usine an arpinooxy-PEG reasent and m-toluidine as a

nucleophilic catalvst

Iviethod 1:

[GO248]  rFIX is PEGylated by use of a Jinear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokye, Japan). A starting weight or concentration of rFIX is dissolved in or
transterred to a reaction buffer (50 mM Hepes, 350 mM sodium chioride, 5 mM calcium
chioride, pH 6.0) to get 2 final protein concentration of 1.0 +/- 0.25 mg/ml. Then the pH of
the solution 1s corrected to 6.0 by drop wise addition of a 0.5 N aqueous HCI solution.
Subsequently, a 40 mM aqueous sodium periodate solotion is added within 10 minutes o
give a concentration of 200 uM. The oxidation reaction is carried out for 30 +/- 5minat a
temperature (1) of T=+22 +/- 2°C. Then the reaction is stopped by addition of an aqueous
L-cysteine solution (1 M) within 15 minutes at T = 422 +/- 2°C to give a final concentration

of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

[60246] The oxidized rEVII is further purified by anion exchange chromatograghy on
EMD TMAE (M) (Merck). The mixture is diluted with Buffer A (20 mM Hepes, 5 mM
CaCll, pH 6.5) to give a conductivity of 5 mS/om. This solution is loaded onto the IEX
column (bed height: 5.4 cm) with a column volume of 10 m1 using a flow rate of 1.5 cm/min,
This column is subsequently washed (flow rate: 1.5 cr/min) with 5 CV of a 92:8 mixture
(w/w) of Buffer A and Buffer B (20 mM Hepes, 5 mM CaC12, 1.0 M NaCl, pH 7.0). Then
the oxidized rFIX is eluted with a 50:50 (w/w} mixture of Buffer A and Buffer B lollowed by
a postelution step with 5 CV of Buffer B. The elution steps are cared out by use of a flow

rate of 1.0 em/min.

(36247} Subsequently, the aminooxy-PEG reagent with a MW of 20 kD reagent is added in
a 50-fold molar excess (o the eluate containing the purified oxidized rFIX within a maximum
time period (1) of 15 minutes under gentle stirring, Then an agueous m-toiuidine solution

(50 mM) 1s added within 15 minaies 1o get a final concentration of 10 mM. The reaction
mixture is incubated for 120 +/- 10 min, in the dark at a temperature (1) of Te= +22 +/- 2°C

under gentle shaking,



1507248]  The obtained PEG-rFIX conjugate is purified by Hydrophobic Interaction
Chromatography (HIC) using a Phenyl Sepharose FF low sub resin (GE Healtheare) packed
into a column manufactured by GE Healthcare with a bed height (h) of 15 om and a resulting

cobmn volume (CV) of 81 mlL

(62491  The reaction mixture is spiked with ammonium acetate by addition of 50 mM
Hepes buffer, containing 350 mM sodium chloride, 8 M ammonivm acetate, 3 mM calcium
chloride, pH 6.9, Two volumes of the reaction mixture are mixed with 1 volume of the
amrnonium acetate containing buffer systemn and the pH value is corrected to pii 6.9 by diop
wise addition of a 0.3 N aqueous NaOH solution. This mixture is loaded onto the HIC
column using a flow rate of 1 cm/min followed by a washing step using > 3 OV equilibration
buffer (50 mM Hepes, 350 mM sodium chioride, 2.5 M ammonivm acetate, 5 mM calcium

chloride, pH 6.9).

02501 For removal of reaction by-products and anti-chaotropic salt a second washing
step is performed with > 5CV washing buffer 1 (50 mM Hepes, 3 M scdium chleride, 5 mM
caleium chloride, pH 6.9) in upflow mode at a flow rate of 2 cra/min. Then elution of
purified rFIX conjugate is performed in down flow mode using a step gradient of 40 %
washing buffer 2 (50 mM Hepes, 1.5 M sodiwn chloride, 5 mM calcium chlonde, pH 6.9)
and 60 % elution buffer (20 mM Hepes, 5 mM calcium chiloride, pHl 7.5} at a tlow rate of

1 cr/min. The efution of the PEG-rFIX conjugate is monitored at UV 280 nm and the eluate
containing the conjugate is collected within < 4 CV. The post elution: step 1s performed with
- 3 (W elution buffer under the same conditions to separate minor and/or non modified rFIX

from the main product.

(002511 Finally, the purified conjugate is concentrated by ultra-/diafiltration (UF/DE)
using a membrane made of regenerated cetlulose with a molecular weight cut off 10k
(88cm?2, Millipore).

[00252]  The conjugate prepared by use of this procedure are analytically characterized by
roeasuring tofal protein and biological activity according to methods known in the art,
Methoo

(002531 rFIX is PRGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group, An example of this type of reagent is the Sunbri ght ® CA series from NOF
(NOF Corp., Tokyo, Japan). An intital concentration or weight of sFIX is transferred ot

dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chioride, 5 mM calcium chioride,
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pH 6.0) to get a final protein concentration of 2 mg rFIX /mi. Subsequently, an 5 mM
aquecus sodium periodate solution is added within 15 minutes to give a final concentration of
100 pM, followed by addition of an 50 mM aqueous m-toluidine solution to get a final
concentration of 10 mM within a time period of 30 minutes. Then the aminooxy-PEG
reagent with a MW of 20 kD (described above) is added to give a 20-fold molar reagent
excess. After correction of the pH to 6.0 the mixture s incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of a 1 M agueous L-cysteine solution to give a final concentration of 10 mM,

[60254]  The free rFIX is removed by means of ion exchange chromatography (IEC). The
reaction mixture was diluted with appropriate amounts of Buffer A (50 mM Hepes, 5 mM
Cal’12, pH 7.5) to correct the solutions conductivity and pH value prior to load onto a 20 ml
HiPrep QFF 16/10 column (GE Healtheare, Fairfield, CT) pre-equilibrated with Buifer A.
Then the column was eluted with Baffer B (50 mM Hepes, 1 M NaCl, 5 mM CaC12, pH 7.5).
Free rFIX was eluted by a step gradient using 25 % of Buffer B, which results in a
conductivity between 12- 25 mS/om in the obtained fraction and the conjugate using a step
gradient of 50 % Buffer B, which resuits in a conductivity between 27-45 mS/em in the
conjugate fraction, The conductivity of the conjugate confaining fraction is subsequently
raised with Buffer C (50 mM Hepes, 5 M NaCl, 5 mM CaCl2, pH 6.9; by use of anti-
chaotropic salts e.g. ammonium acetate, etc) and loaded onto a 20 ml HiPrep Butyl FF 16/10
column (GF Healthcare, Fairfield, CT; or comparable HIC media) pre-equilibrated with
Buffer D (50 mM Hepes, 3 M NaCl, 5 mM CaCi2, pH 6.9). Free aminooxy-PEG reagent was
washed out within 5 CY Buffer D, Subsequently, the conjugate was eluted with 100 %
Buffer E (50 mM Hepes, 5 mM CaCl2, pH 7.4). The conjugate containing fractions are
concentrated by UF/DF using a 10 kD membrane made of regenerated cellulose (38 cm?2, cut-
off 10 kD, Mitlipore). The fina] diafiltration step is performed against Hepes buffer (56 mM
Hepes, 5 mM CaCi2, pH 7.5}

[D0255]  The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure} and biclogical activity according to known methods.
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Farample 16

PEGylation of rFYV1a using an aminooxy-PEG reagent and m-toiuidine as a

nucleophilic catalyst

flpthod 1:

[00256]  rPFVITa is PEGylated by use of a linear 20 kD PEGvlation reagent containing an
aminooxy group, An example of this type of reagent is the Sunbright ® CA senes from NOE
(NO¥F Corp., Tokyo, fapan). A starting weight or concentration of rFVIla is dissolved in or
transferred to a reaction buffer (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium
chioride, pH 6.0) to get a final protein concentration of 1.0 +/- 0.25 mg/ml. Then the pH of
the solution is corrected to 6.0 by drop wise addition of a 0.5 N aguecus NaOH solution.
Subsequently, a 40 mM aqueous sedivm periodate solution 1s added within 10 minuies to
give a concentration of 50 uM. The oxidation reaction is carried out for 30 +/- 5 min at a
ternperature (T) of Te= 422 /- 2°C, Then the reaction is stopped by addition of an agueous
L-cysteine solution (1 M) within 15 minutes at T=+22 +/- 2°C to give a final concentration

of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

[00257]  The oxidized rFVIIa is further purified by anion exchange chromatography on

EMD TMAE (WD {Mercl)., The mixturs is diluted with Buffer A (20 mM Hepes, 5 mM

1

- - .

CaCl2, pH 6.5) to give a conductivity of 5 mS/cm. This solution is loaded onto the X
column (bed height: 5.4 cm) with a column volurne of 10 mi using a flow rate of 1.5 cm/min.
This column is subseguently washed {flow rate: 1.5 cm/oumn) with 5 CV of a 92:8 mixture
{wiw) of Buffer A and Buffer B (20 mM Hepes, 5 mM CaCl2, 1.0 M Nalll, pH 7.0}, Then
the oxidized FFVIa is eluted with a 50050 (w/w) mixtme of Buffer A and Buffer B followed
by a postelution step with 5 TV of Buffer B. The elution steps are carried out by use of a

flow rate of 1.0 cm/min,

[0258]  Subsequently, the aminooxy-PEG reagent with a MW of 20 kD reagent is added in
a 50-fold molar excess to the eluate containing the purified oxidized rFVIla within a
maximum time period (1) of 15 minutes under gentle stirring. Then an agueous m-toluidine
solution (50 mM) is added within 15 minutes to get a final concentration of 10 mM, The
reaction mixture is incubated for 120 +/~ 10 min. in the dark at a ternperature (T) of T=

+22 +/- 2°C wnder gentle shaking.
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(002591 The obtained PEG-rFVIIa conjugate is purified by Hydrophobic Interaction
Chromatography (HIC) using a Phenyl Sepharose FF low sub resin (GE Healthcare) packed
into a column manufactured by GE Healtheare with a bed height (h) of 15 cm and a resulting

column volume (CV) of 81 ml.

[60260} The reaction mixture is spiked with ammonium acetate by addition of 50 mM
Hepes buifer, containing 350 mM sodium chloride, 8 M ammonium acetate, 5 mM calcium
chloride, pH 6.9, Two volumes of the reaction mixture are mixed with 1 volume of the
ammonium acetate containing buffer system and the pH value is corrected to pH 6.9 by drop
wise addition of a 0.5 N agueous NaQH solution. This mixture is lcaded onte the HIC
column using a flow rate of 1 crm/min followed by a washing step using > 3 CV equilibration
buffer (50 mM Hepes, 350 mM sodium chloride, 2.5 M ammonijum acetate, 5 mM calcium

chloride, pH 6.9),

{2611 For removal of reaction by-products and anti-chaotropic salf a second washing
step is performed with > 5CV washing buffer 1 (50 mM Hepes, 3 M sodium chloride, 5 mM
calcium chloride, pH 6.9) in upflow mode at a flow rate of 2 cm/min. Then elution of
purified rEfVTia conjugate is performed in down flow mode using a step gradient of 40 %
washing buffer 2 (50 mM Hepes, 1.5 M sodium chloride, 5 mM calciwm chioride, pH 6.9)
and 60 % elution bufter {20 mM Hepes, 5 mM calcium chloride, pH 7.5) at a flow rate of

1 crn/min. The elution of the PEG-rFVIIa conjugate is monitored at UV 280 nm and the
eluate containing the conjugate is collected within <4 CV. The post elution step is
performed with > 3 CV elution buffer under the same conditions to separate minor and/or non

modified rFVTia from the main product,

[062627 TFinally, the purified conjugate is concentrated by ultra-/diafilraton (UF/DE)
using a membrane made of regenerated cellnlose with a molecular weight cut off 10kD

(Millipore).

1062631 The conjugate prepared by use of this procedure are anatytically characterized by
measuring total protein and biological activity according to methods known in the art.
Method Z:

[00204] rFVIa is PEGylated by use of a linear 20 kD PEGyEaﬁoﬁ reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan}. An intital concentration or weight of rFVIla is transferred or

dissoived in Hepes buffer (50 mM Hepes, 130 mM sodium chloride, 5 mM calcium chioride,
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pll 6.0) to get a final protein concentration of 2 rg rFVIIa / ml. Subsequently an 5 mM
aqueous sodivm periodate solution is added within 15 minutes to give a final concentration of
100 pM, followed by addition of an 50 mM aqueous m-toluidine selution to get a final
concentration of 10 mM within a time period of 30 mimutes. Then the aminooxy-PEG
reagent with a MW of 20 kI (described above) is added to give a 20-fold molar reagent
excess, After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperatare by the

addition of a 1 M aqueous L-cysteine solution to give a [inal concentration of 10 mM.

(0026581 The free rFVIla is removed by means of ion exchange chromatography (IEC).
The reaction mixture was diluted with appropriate amounts of Buffer A (50 mM Hepes, 5
mM CaCl2, pHl 7.5) to correct the solutions conductivity and pH value prior to load onto a 20
mi HiPrep QFF 16/10 column (GE Healthcare, Pairfield, CT) pre-equilibrated with Bufier A.
Then the column was eluted with Buffer B (50 mM Hepes, 1 M NaClL 5 mM CaCl2, ptl 7.5).
Free rFV{la was eluted by a step gradient using 235 % of Buoffer B, which results in a
conductivity between 12-25 mS/cra in the obtained fraction and the conjugate using a step
gradient of 50 % Buffer B, which results in a conductivity between 27-45 m8/cm in the
conjugate fraction. The conductivity of the conjugate containing fraction 1s subsequently
raised with Buffer C (50 mM Hepes, 5 M NaCl, 5 mM CalZ, pH 6.9; by use of anti-
chaotropic salts ¢.g. ammonium acetate) and loaded onfo a 20 ml HiPrep Butyl FIF 16/10
cotumn (O Healtheare, Pairfield, CT; or comparable HIC media) pre-equilibrated with
Buffer D (50 mM Hepes, 3 M NaCl, 5 mM CaCl2, pH 6.9). Free PEG-reagent was washed
out within 5 OV Buffer D, Subsequently the conjugate was eluted with 100% Buffer E (50
mM Hepes, 5 M Call2, pld 7.4). The conjugate containing fractions are concentrated Dy
UF/DF vsing a 10 kD membrane made of regenerated cellulose (88 cro2, cut-off 10 kD,
Millipore). The final diafiltration step is performed against Hepes buffer (50 mM Hepes, 5

mM CaClZ, piL 7.5,

002867 The preparation is analyiically characterized by measuring total protein (Bradford

and BCA procedure) and biclogical activity according to known methods.

- 100 -



Example 17

Polysialvlation of rFEX in the presence of o-amino benzoic acid

Pethod 1:

(002671 8.2 mg rFIX is dissolved in 4.0 mi histidine buffer, pH 6.0 (20 mM L-histidine,
150 mM NaCl, 5 mM CaCly). Then 82 pl of an aqueocus sodium periodate solution (5 mM) is
added and the reaction mixture is incubated for 1 h in the dark at 4°C under gentie stirring
and quenched for 15 min at room temperature by the addition of 4 ul of a 1 M agueous
cysteine solution. The mixture is subsequently subjected to UF/DF employing Vivaspin 6 10

kD> centrifugal filtrators to remove excess periodate, quencher and the byproducts thereof,

[00268]  The retentate (6.5 ml), containing oxidized rFIX, is mixed with 1.64 ml of an
aqueous o-amino benzoic acid (50 mM) and incubated for 30 min at room temperature, Then
aminooxy-P5A reagent with a MW of 20 kD (described above) is added to give a 5-fold
molar reagent excess, This mixture was incubated for 2.5 b at room temperature in the dark

under gentle stirring.
(602691 The further purification of the conjugate is carried out as described herein.

Method 2-

FO02784) A solution of 1 mg rFEX in 0.65 ml sodium phosphate buffer, pH 6.0 containing a
5-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described above) was
prepared. Then 333 pl of an agueous o-amino benzoic acid solution (30 mM) was added as
nucleophilic catalyst to give a final concentration of 10 mM. Subsequently 20 pl of an
aqueous solution of NalQy (5 mM) was added yielding in a final concentration of 100 1M.
The coupling process was perfermed for 2 hours in the dark under gentle shaking at room
temperature and quenched for 15 min at room temperature by the addition of 1 pi of agueous
cysteine solution (1 M). The further purification of the conjugate is carried out as described

herein.
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Example 18

Polysialviation of FPG using aminooxy-PSA and m-toluidine as a nucleophilic catalyst

Method 1:

[OO2TE] A starting concentration of erythropoietin (EPG) is transferred into a reaction
buffer (e.g. 50 mM Hepes, 350 mM sodiom chloride, 5 mM calciom chioride, pH 6.0) and
(‘ﬁluied to obtain a protein concentration of 1 mg/ml. To this solution, NaiQy is added to give
a final concentration of 200 uM. The oxidation 1s carried at RT for 30 min in the dark under
gentle shaking. The reaction is then quenched with cysteine (final concentration: 10 mM) for

6O min at RT.

[G0274)  The solution is next subjected to UF/IDF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the alternative, to an
IEX column with a volume of 20 ml (Merck EMD TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM Callly pH 7.0). The column is equilibrated with 5 CV
Buoffer A, The oxidized EPO is elufed with Buffer B (20 mM Hepes, 5 mM Call, 1M NaCl,
ptl 7.03. The EPG containing fractions are collected. The protein content is determined
(Coomassie, Bradford) and adjusted to 1 mg/ml with reaction buffer and adjusted to pH 6.0

by dropwise addition of 0.5M HCL

[B0Z73] A 50-fold molar excess of a aminooxy-PSA reagent with a MW of 20 kD
{(described above) 1s added followed by m-toluidine as a nucleophilic catalyst (final
concentration: 10 mb). The coupling reaction 1s performed for 2 hours in the dark vander
gentle shaking at room temperature, The excess of aminooxy-PSA reagent is removed by
I."ne’ans of ¥IC. The conductivity of the reaction mixture is adiusted by adding a butfer
confaining amimoniwm acetate (30 mM Hepes, 350 mM sodivum chicride, 5 mM calcium
~chloride, 8 M ammoniaom acetate, pH 6.9) and loaded onio a column filled with 80 ml Phenyl
Sepharose FF (GE Healthcare, Fairfield, CT) pré—equiiibmted writh 50 mM Hepes, 2.5 M
ammonium acetate, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.9,
Subsequently, the conjugate s eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM
(CaCly. Finally the PSA-EPO containing {ractions are collected and subjected to UF/DE by
use of a membrane made of regenerated cellulose (MWCO 10kD, 50em?, Millipore). The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

[H274]  Inan slternative embodiment, Method 1 s carried out as folfows.
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(062757 10 mg EPO is dissolved in 5 ml histidine buffer, pH 6.0 (20 mM L-histidine, 150
mM NaCl). 100 ul of an agueous sodium periodate solution (5 mM) is then added and the
reaction mixture is incubated for 1 h in the dark at 4°C under gentle stirring and quenched for
15 min at room temperature by the addition of 50 pl of a 1 M aqueous cysteine solution, The
mixture is subsequently subjected to UF/DF employing Vivaspin 15R 10 kD centrifugal

filtrators to remove excess periodate, quencher and the byproducts thereof,

(602761  The retentate (approx. 7 ml), contaming oxidized EPQ, is mixed with 2 ml of an
aquecus m-toluidine solution (50 mM) and incubated for 30 min at room temperature. Then
aminooxy-PSA reagent with a MW of 20 kDD {described above) is added to give a 5-fold
molar reagent excess. This muxture is incubated for 2.5 h at RT in the dark under gentle

stirring.

(602771 The free EPO is removed by means of anion exchange chromatography (AEC).
The reaction mixture is difuted with 20 ml Buffer A (50 mM Hepes, pH 7.5) and loaded onto
a 20 ml HiPrep QFF 16/10 column (GE Healthcare, Fairfield, CT) pre-equilibrated with
Buffer A. Then the column is eluted with Buffer B (50 mM Hepes, 1 M NaCl, pH 7.5). Free
EPO iy eluted by washing the coluron with 25 % Buffer B and the conjugate at 50 % Buffer
B. The conductivity of the conjugate containing fractions is subseguently raised to ~190
m&/cm with Buffer C (50 mM Hepes, 5 M NaCl, pH 6.9) and loaded onto a 20 ml HiPrep
Butyi FF 16/10 column (GE Healtheare, Fairfield, CT) pre-equilibrated with Buffer 1D (50
mM Hepes, 3 M NaCl, pH 6.9). Free PSA-reagent is washed out-within 5 CV Buffer D.
Subsequently, the conjugate is eluted with 100 % Buffer E (50 mM Hepes, pli 7.4). The
conjugate containing fractions are concentrated by UF/DF using a 10 kD membrane made of
regenerated cellulose (88 cm?, cut-off 10 kD / Millipore). The final diafiltration siep is
performed against histidine buffer, pH 7.2 containing 150 mM NaCl. The preparation is
analyticaily characterized by measuring total protein (Bradford) and biclogical activity
according to methods known in the art. For the PSA-EPO conjugate a specific activity of >
50 % in comparison o native BEPO is determined. The conjugate is additionally analytically
characterized by Size Exclusion HPLC using a Agilent 1200 HPLC system equipped with a
Shodex KW 803 column under conditions as previously described {(Kolarich et al,

Transfusion 2006,46:1955-77). It is shown that the preparation contains no free EPO.
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Iethaod 2:

1042781 EBEPOis tfan.ﬁ'fermd or digssolved in reaction buffer (e.g, S0mM Hepes, 350mM
sodium chloride, 5mM calctum chioride, pH 6.0) to get a final protein concentration of 1.0
+/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a 0.5
N agueons HC solution. Subsequently, a 40 mM agueous sodium periodate solution is added
within 10 minutes to give a concentration of 200 1M, The oxidation reaction is carried cut

""" =422 -+/- 2°C. Then the reaction is stopped by
addition of an agueous L-cysteine solution (1 M) within 15 minutes at Ts=+22 +/- 2°C to give

a final concentration of 10 mM in the reaction myigture and incubation for 60 +/- 5 min.

FO2797  The oxidized EPO is further purified by ion exchange chromatography. The
oxidized FPO containing fractions of the eluate are collected and used for the conjugation

reaciion.

FOOZRG]  The aminooxy-polysialic acld (PSA-ONHD) reagent is added in 2 50-fold molar
excess (o the eluate containing the purified oxidized EPO within a maximum time period (t)
of 15 minutes ander gentle stirring. Then an agueous m-toluidine solution (30 mM} is added
within 15 minutes to get a final concentration of 10 mM. The reaction mixture is incubated
for 120 +/- 10 min. at pH 6.0 in the dark at a temperature (1) of T= 422 +/- 2°C under gentle

shaking (protein concentration: I mg/ml}.

(082811 The obtained PSA-EPO conjugate is further purified by lon exchange
chromatography. The PSA-EPO conjugate containing fractions are collected and
concentrated by ultra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore),

[00282]  The conjugale prepared by use of this procedureis analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay).
Method 3:

[D0283]  Erythropoietin (EPO) is transferred into reaction buffer (50 mM Hepes, 350 mM
sodium chloride, 5 mM caicium chloride, pH 6.0} and diluted to obtain a protein
concentration of I mg/ml. A 50 fold moelar excess of a aminooxy-PSA reagent with 2 MW of
20kD (described above) 1s added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and Nal(Q4 (final concentration: 400 uM}. The coupling reaction is

performed for 2 hours in the dark under gentle shaking at room temperature. Subsequently,
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the reaction is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM).
Then the conductivity of the reaction mixture is adjusted by adding a buffer containing
arnmonium acetate {50 mM Hepes, 350 mM sodiam chloride, 5§ mM calcium chloride, 8 M
ammonium acetate, pt 6.9) and loaded onto a column filled with Phenyl Sepharose FF (GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammoninm acetate,
350 mM sodium chioride, 5 mM caleium chloride, 0.01% Tween 80, pt 6.9, Subsequently,
the conjngate is eluted with 50 mM Hepes, 5 mM calcium chloride, pH 7.5, Finally, the
PSA-EPO containing fractions are collected and subjected to UF/DE by use of a membrane
made of regenerated cellulose (MWCO 10 kD, 88cm?2, Millipore). The preparation is
analytically characterized by measuring total protein (Bradford) and biological activity

according to methods known in the art.

[3G2841 In an alternative embodiment, Method 3 is carried out as follows. 10 mg EPO is
dissolved in & m! histidine buffer, pH 6.0 (20 mM L-histidine, 150 mM Na(Cl). 200 ui of an
acqueons sodium periodate solution (5 mM) and 2 ml of an aqueous m-toluidine solution {50
mii) are thep added. Subsequently, the aminooxy-PSA reagent with a MW of 20 kD
(described above) is added to give a 5-fold molar reagent excess. The mixture is .incubated
for 2 h in the dark at room femperature under gentle stirting and quenched for 15 min at room

temperature by the addition of 100 pl of 1 M aqueous cysteine solution,

[G6285]1  The free EPO is removed by means of anion exchange chromatography (AEC).
The reaction mixture is diluted with 20 ml Buffer A (50 mM Hepes, pii 7.5) and loaded onto
a 20 ml HiPrep QFF 16/10 column (GE Healthcare, Fairfield, CT) pre-equilibrated with
Ruffer A. Then the column s eluted with Buffer B (‘JD mM Hepes, 1 M NaCl, pH 7.5). Free
BP0 is eluted by washing the column with 23 % Buffer B and the conjugate at 50 % Bufier
B. The conductivity of the conjugate containing fractions is subsequently raised to ~190
mS/em with Buffer C (50 mM Hepes, 5 M NaCl, pH 6.9) and loaded onto a 20 ml HiPrep
Butyl FF 16/10 columnn (GE Healthcare, Fairfield, CT) pre-equilibrated with Buffer D (50
mM Hepes, 3 M NaCl, pH 6.9). Free PSA-reagent is washed out within 5 CV Buffer D.
Subsequently, the conjugate is eluted with 100% Buffer B (50 mM Hepes, pH 7.4). The
conjugate confaining fractions are concemraﬁéd by UF/DF using a 10 kD membrane made of
regenerated cellulose (88 cm?, cut-off 10 kD, Millipore). The final diafiltration step is
performed against histidine buffer, pH 7.2 containing 150 mM NaCl. The preparation is
analytically characterized by measuring total protein (Bradford) and biological activity

according to methods known in the art. For the PSA-EPO conjugate a specific activity of >

- 105 -



50 % in comparison to native EPO is determined. The conjugate is additionally analytically
characterized by Size Exclusion HPLC nsing a Agilent 1200 HPLC system equipped with a
Shodex K'W 803 column under conditions as previously described (Kolarich et al

i
k]

Transfusion 2006;46:1959-77). Tt is shown that the preparation contains no free EPO.
WMiethod 4:

(602861 EPOis dissolved in or transferred to a reaction buffer (e.g. 50mM Hepes, 350mM
sodiuvm chioride, 5mM calcium chioride, pH 6.0} to get a final protein concentration of 1.0
+- 0.25 mg/ml. Then the pH of the solution 15 corrected to 6.0 by drop wise addition of a

0.5 N agueous HCl solution.

HO28TY Subsequently, the amincoxy-polysialic acid (PSA-ONH2) reagent 15 added in a
50-fold molar excess to this FPO solution within a maximurm time period (t) of 15 minutes
under gentle stirring, Then an agueous m-toluidine selution (50 mM) is added within 15

minutes to get a {inal concentration of 16 mM. Finally a 40 mM aqueous sodium periodate

solution is added to give a concentration of 400 uM.

[G02881  The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature
(T of T= 422 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
ap agueous L-cysteine solution (1 M) to give a final concentration of 10 mM in the reaction
mixture and incubation for 60 +/- 5 min.
[0028%]  The obtained PSA-EPO conjugate 15 purified by ion-exchange chromatography.
The PSA-EPO containing {ractions of the eluate are collected and concentrated by ultra-
/diafiitration (UF/DF) using a membrane made of regenerated cellulose (MWCG 10 kI3,
g8cm2, Millipore).
[B62967  The conjugates prepared by use of this procedure are analytically characterized by
measuring total protein, biological activity according to methods known in the art, and
determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
Erample 1%

Polysialviation of Ane-2 using aminocoxy-PSA and m-toluidine as a nucleophilic catalvst

Method 1;

(2911 A starting concentration of angiopoietin-2 (Ang-2) is transferred info a reaction
buffer {e.g. 50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) and

diluted to obtain a protein concentration of 1 mg/ml. To this solution, Nal04 is added to give



a final concentration of 200 tM. The oxidation is carried at RT for 30 min in the dark under
gentle shaking. The reaction is then quenched with cysteine (final concentration: 10 mM) for

60 min at RT.

[60292]  The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts, or, in the alternative, subjected to
an tEX column with a velume of 20 mi (Merck EMD TMAE (M) which is equilibrated with
Butfer A (20 mM Hepes, 5 mM CaCl2, pH 7.0). The column is equilibrated with 5 CV
Buffer A. The oxidized Ang-2 1s eluted with Buffer B (20 mM Hepes, 5 mM Ca(12, | M
MaCl, pH 7.0). The Ang-2 containing fractions are collected. The protein content is
determined (Coomassie, Bradford) and adjusted to 1 mg/mi with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5 M HCL

(052831 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added {oilowed by m-toluidine as a necleophilic catalyst (final concentration: 10
mbvi). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy seagent is removed by means of HIC. The
conductivity of the reaction mixture 1s adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M ammonium
acetate, pH 6.9} and loaded onto a column filled with 80 ml Phenyl Sepharose FF (GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chioride, 5 mM calcium chloride, pH 6.9, Subsequently, the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCli2. Finally, the PSA - Ang-2-
| containing {ractions are coliected and subjected to UF/DF by use of a membrane made of
regenerated cellulose (Millipore). The preparation is next analytically characterized by
méasuring total protein (Coomassie, Bradford) and biclegical activity according to methods

known in the art,

(802%4] In an alternative embodiment, Method 1 is carried out as follows. Angiopoietin-2
(Ang-2) 1s transferred into a reaction buffer (e.g., 50 mM Hepes, 350 mM sodium chloride, 5
mM calcium chioride, pH 6.0} and diluted to obtain a protein concentration of 1 mg/ml. To
this solution, Nal(O4 is added to give a final concentration of 200 uM. The oxidation is
cairied at RT for 30 min in the dark under genile shaking. The reaction is then quenched

with cysteine (final concentration: 10 mM) for 60 min at R.'T.
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(902951  The solution is next subjected to UFDF employving Vivaspin cenfrifugal filtrators

to rernove excess periodate, quencher and the byproducts thereof.

(602961 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kb {described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration:

10 mM). The coupling reaction is performed for 2 hours in the dardec under gentle shaking at
room temperature. The excess of aminooxy reagent is removed by means of lon exchange
chromatography. The PSA-Ang-2 co.r;ju.gate—co'n taining {ractions of the eluate are collected
and subjected to UF/DE by use of 2 membrane made of regenerated cellufose (Millipore).
The preparation 1s next analyticaily characterized by measuring total protein (Coornassie,

Bradford) and biological activity according to methods known in the art.
Method 2:

02971 Ang-2 1s transférred or dissolved in reaction buffer (e.g. 50 mM Hepes, 350 mM
sodium chloride, 3 mM calcium chioride, pi 6.0) to get a final protein concentration of 1.0
+/- 0.25 mg/mi. Then the ptl of the solution is corrected 1o 6.0 by drop wise addition of a

0.5 ™ agueous HCI solution. Subsequently, a 40 mM aquecus sodium periodate solution is
added within 10 minutes to give a concentration of 200 uM, The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (T) of T=+22 +/- 2°C. Then the reaction is stopped by
addition of an agueous L-cysteine solution (I M} within 15 minutes at T +22 +/- 2°C to give

a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

[80288] The oxidized Ang-2 is further purified by ion exchange chromatography. The
oxidized Ang-2 containing fractions of the eluate are collected and used for the conjugation

reaction.

(002097 The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized Ang-Z within a maximurn tme period {1}
of 15 minuates under gentle stitring. Then an aqueous m-toluidine solution (50 mM) 15 added

within 15 minntes to get a final concentration of 10 mM. The reaction mixture is incubated

for 120 +/- 10 min. at pH 6.0 in the dark at a temperature (1) of T +22 +/- 2°C under gentle

shaking {protein concentration: ¥ mg/ml).

(003001 The obtained PSA- Ang-2 conjugate is further purified by ion-exchange

chromatographyn
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[06361] The PEA-Ang-2 conjugate containing fractions are collected and concentrated by
ultra- / diafiltration (UF/DF) using a membrane tmade of regenerated cellulose with an

appropriate molecular weight cut off {Millipore).

(#03G2]  The conjugate prepared by use of this procedureis analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinel assay).
Method 3:

[033031  Angiopoietin-2 (Ang-2) is transferred into reaction buffer (50 mM Hepes, 350
mM sodiam chloride, 5 mM caletum chioride, pH 6.0) and diluted to obtain a protein
concentrafion of | mg/mi. A 50 fold molar excess of a PSA amincoxy reagent with a MW of
20 kD (described abové) 15 added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and NalO4 (final concentration: 400 pM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room temperature. Subsequently,
the reaction is quenched with eysteine for 60 min at RT {cysteine concentration: 10 mM).
Then the conductivity of the reaction mixture is adjusted by adding a buffer containing
ammonium acetate (50 mM Hepes, 350 mM sodivm chloride, 5 mM calcium chloride, 8 M
ammoniura acetate, pH 6.9) and loaded onto a column filled with Phenyl Sepharose FF (GE
Healthcare, Fairfield, CT) pre-eguilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodiom chloride, 5 mM caleimm chioride, 0.01% Tween 80, pH 6.9, Subsequently,
the conjugate 1s eluted with 50 mM Hepes, 5 mM calcium chloride, pH 7.5, Finally, the PSA
Ang-2-containing fractions are collected and subjected to UF/DF by use of a membrane made
of regenerated celluiose (Millipore). The preparation is analytically characterized by
measuring total protein {(Bradford) and biological activity according to methods known in the
art.

[00304]  In an alternative embodiment, Method 3 is carried out as follows. Angiopoietin-2
{Ang-2) 1s transferred into reaction buffer (e.g. 50 mM Hepes, 350 mM sodium chloride, 5
mM calciom chloride, pH 6.0) and diluted to obtain a protein concentration of § mg/ml. A
50-fold molar excess of a PSA aminooxy reagent with a MW of 20 kD (described above) is
added followed by m-toluidine as a mucleophilic catalyst (10 mM final concentration) and
NalO4 (final concentration: 400 ulM). The coupling reaction is performed for 2 hours in the
dark under gentle shaking at room temperature. Subsequently, the reaction is quenched with

cysteine for 60 min at RT (cysteine concentration: 10 mM) and the conjugate is purified by
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ion exchange chromatography. '5A Ang-Z-containing fractions of the eluate ave collected
and subjected to UF/DF by use of a membrane made of regenerated cefhulose (Millipore).
The preparation is analytically charactenized by measuring total protein (Bradford) and

biclogical activity according to methods known in the art.
Method 4:

03651 Ang-2 is dissolved in or transferred o a reaction buffer (e.g. 50 mM Hepes, 350
mM sodium chloride, 5 mM calcium chloride, pH 6.0} to get a final profein concentration of
1.0 +/-0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of &

0.5 N aqueous HCI solution,

[08306]  Subseguently, the aminooxy-polysialic acid (PSA-GNH2) reagent is added in a
50-fold molar excess to this Ang-Z solution within a maximum time peried () of 13 minutes
under gentle stirring. Then an agueous m-teluidine solation (50 mM) is added within 15
minutes o get a final concentration of 10 mM. Finally a 40 mM aguecus sodivm periodate

solution is added to give a concentration of 400 pM.

[B03377  The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature
(T) of T= +22 +/- 2°C under gentle sheking. Then the reaction is stopped by the addition of
an agueous L-cysteine solation (1 M) to give a final concentration of 10 mM in the reaction

mixture and incubation for 60 +/- 5 min.

[B3308]  The obtained PSA-Ang-2 conjugate is purified by ion-exchange chromatography.
The PEA-Ang-2 containing {ractions of the eluate are collected and concentrated by ulira-

/diafiltration (UF/IDE) using a membrane made of regenerated cellulose (Millipore).

(60309 The conjugates prepared by use of this procedwre are analytically characterized by
measuring total protein, biological activity according to methods known in the art, and

determination of the polysialyation degree by measuring the P5SA content (resorcinol assay).
Exampie 20

Polvsialviation of VEGE using aminoozv-P5A and me-toluidine as g nucleophilic catalvst

dethod 1

[B03101 A starting concentration of vascular endothelial growth factor (VEGE) is
transferred into a reaction buffer (e.g., 50 mM Hepes, 350 mM sodium chloride, 5 mivi
calcium chloride, pH 6.0) and diluted to obtain a protein concentration of 1 mg/ml. To this

solution, Nal(G4 is added to give a final concentration of 200 pM. The oxidation is carried at
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RT for 30 min in the dark under gentle shaking. The reaction is then guenched with cysteine

(final concentration: 10 mM) for 60 min at RT.

[$6311]  The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess pericdate, guencher and the byproducts thereof or, in the alternative, to an
IEX column with a volume of 20 mi (Merck EMD TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCl2, pH 7.0). The column is equilibrated with 5 CV
Buffer A, The oxidized VEGYE is eluted with Buﬂt‘a‘.r. B (20 mM Hepes, 5 mM CaCl2, 1 M
Na(l, pH 7.0}, The VEGEF containing fractions are collected. The protein content is
determined (Coomassie, Bradford) and adjusted to 1 mg/mi with reaction buffer and adjusted

to pH 6.0 by dropwise addition of (.5M NaOH.

[60312] A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) 1s added followed by m-toluidine as a nuclecphilic catalyst (final concentration:

10 mM). The coupling reaction is performed for 2 hours in the dark nnder gentle shaking at
room temperature. The excess of aminooxy reagent is removed by means of HIC. The
conduoctivity of the reaction mixture is adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chlovide, 8 M amumonium
acefate, pH 6.9) and loaded onto a column {illed with 80 mi Phenyl Sepharose FF (GE
Healthcare, Vairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chioride, 5 mM calcium chloride, pH 6.9. Subsequently, the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2. Finally the PSA - VEGF -
containing fractions are collected and subjected to UF/DF by use of a membrane made of
regenerated cellulose (Millipore). The preparation is next .ana}yticéiiy characterized by
measuring total protein (Coomassie, Bradford) and biological activity according to methods

knrown in the art.

(B03131  In an alternative embodiment, Method 1 is carried out as follows. Vascular
endothelial growth factor (VEGE) is transfesred into a reaction buffer (e.g., 50 mM Hepes,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.0} and diluted to obtain a protein
concentration of I mg/ml. To this solution, NalO4 is added o give a final concentration of
200 uM. The oxidation is carried at R'T for 30 min in the dark under gentle shaking. The

reaction is then gquenched with cysteine {final concentration: 10 mM) for 60 min at RT.

[G0314]  The solution is mext subjected to UF/DF employing Vivaspin centrifugal filirators

to remove excess periodate, quencher and the byproducts thereof,



(03157 A 50-fold molar excess of amincoxy-PSA reagent with a MW of 20 XD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration:
10 mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at

pa—

room temperature. The excess of aminooxy reagent 1s removed by means of ion exchange
chromatography, The PSA - VEGE -containing fractions of the eluate are collected and
subiected to UR/DF by use of a a mmembrane made of regenerated cellulose (Millipore). The
preparation is next analytically characterized by measuring fotal protein {Coomassie,

Bradford) and biological activity according to methods known in the art.,
Method 2:

[B0316]  VEGE is transferred or dissolved in reaction buffer (e.g. 50 mM Hepes, 350 mM
sodium chloride, 5 mM calcium chloride, pE 6.0) to get a final protein concentration of 1.0
+/- .25 mg/mb. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

0.3 N agueous HCI solution. Subseguently a 40 mM aqueous sodium periodate solution is
added within 10 minutes to give a concentration of 200 pM, The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (1) of T=4-22 /- 2°C. Then the reaction is stopped by
addition of an agueous L-cysteine solution {1 M) within 15 minutes at T=+22 4+/- 2°C o give

a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

[GO3177  'The oxidized VEGF is further purified by ion exchange chromatography. The
oxidized VEGE containing fractions of the eluate are collected and used for the conjugation

reaction.

[00318]  The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized VEGE within a maximum time period (1)
of 15 minutes under gentle stirring. Then an aqueons m-toluiding solution (50 mM} is added
within 15 minutes to get a final concentration of 10 mM. The reaction mixture is incubated
for 120 +/- 10 min. at pH 6.0 in the dark at a temperature (T3 of T= +22 +/- 2°C under gentle

shaking (protein concentration: 1 mg/ml).

[B0319]  The obtained PSA-VEGFE conjugate is further purified by ion exchange
chromatography., The PSA-VEUF conjugate containing fractions are collected and
concentrated by uhtra-/diafilration (UH/DEY using & membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).



160320]  The conjugate prepared by use of this procedureis analytically characterized by
measuring tofal protein, biclogical activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay).
Method 3

(003217 Vascular endothelial growth factor (VEGF) is transferred into reaction buffer (50
mM Hepes, 350 mM sodium chloride, 5 mM calcium chioride, pH 6.0) and dituted to obtain
a protein concentration of 1 mg/ml. A 50-fold molar excess of a PSA aminooxy reagent with
a MW of 20 kD (described above) is added followed by m-toluidine as a nucieophilic catalyst
(10 mM final copcentration} and MNalO4 (final concentration: 400 1 M), The coupling
reaction is performed for 2 hours in the dark under gentle shaking at room temperature,
Subsequenily, the reaction is quenched with cysteine for 60 min at RT (cysteine
concentration: 10 mM). Then the conductivity of the reaction mixture is adjusted by adding a
buffer containing ammonium acetate (50 mM Hepes, 350 mM sodium chioride, 5 mM
calciurn chloride, 8 M arnmonium acetate, ptt 6.9) and loaded onte a column filled with
Pheny! Sepharose FE (GE Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5
M ammonium acetate, 350 mM sodium chloride, 5 mM calcium chlonide, 0.01% Tween 80,
pH 6.9, Subsequently the conjugate is eluted with 50 mM Hepes, 5 mM calcium chioride, pH
7.5. Finally, the PSA-VEGF containing fractions are collected and.subjected to UF/DF by
use of a membrane made of regenerated cellulose (Millipore). The preparation is analyticaily
characterized by measuring total protein (Bradford) and biological activity according to

methads known in the art.

[06322] in an alternative embodiment, Method 3 is carried out as follows. Vascular
endothelal growth factor (VEGF) 1s transferred into reaction buffer (e.g, 50 mM Hepes, 350
mM sodiam chleride, 5 mM calcium chioride, pH 6.0} and diluted to obtain a protein
concentration of 1 mg/mi. A 50-fold molar excess of aminooxy-PSA '}:'eagent with 2 MW of
20 kD (described above) is added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and NalO4 (final concentration: 400 pM). The coupling reaction is
performed for 2 howrs in the dark under gentle shaking at room temperature. Subsequently,
the reaction is quenched with cysteine for 60 min at RT {cysteine concentration: 10 mM) and
the conjugate is purified by ion exchange chromatography. The PSA-VEGF containing
fractions of the eluate are collected and subjected to UF/DF by use of a membrane made of
regenerated cellulose (Millipore). The preparation is analytically characterized by measuring

tetal protein {Bradford) and biclogical activity according to methods known in the art.
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Miethod 4:

[e03231  VEGE is dissolved in or transferred to a reaction buffer {e.g. 50 mM Hepes, 350
mM sodium chloride, 5 mM calcium chioride, pH 6.0) to get a final protein concentration of
1.0 +/-0.25 mg/ml. Then the pH of the solution is corrected 10 6.0 by drop wise addition of a

0.5 N agueous HMC solution.

I00324]  Subseguently, the aminooxy-polysialic acid (PSA-ONHZ) reagent is added in a
50-fold molar excess to this VEGE sclution within a maximum time period {t) of 15 mimates
under gentle stirring. Then an aqueous m-toluidine solution (50 mVD) is added within 15
minutes to get a final concentration of 10 M. Finally a 40 mM agueous sodium periodate

solution is added to give a concentration of 400 pM.

[@5325]  The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature
{1y of T= 422 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aqueous L-cysteine sofution (1 M) to give a final concentration of 10 mM in the reaction

mikiure and incubation for 60 +/- 5 min.

[B03261  The obtained VEGE- conjugate is purified by ion-exchange chromatography. The
PSA-VEGF containing fractions of the eluate are collected and concentrated by ulira-

/diafiltration (UV/DE) using a membrane made of regenerated cellulose (Miillipore),

[B0327]  The conjugates prepared by use of this procedure are analyticaily characterized by
measuring total profein, biological activity according to methods known in the art, and
determination of the polysialyation degree by measuring the PSA content (resorcinol assay).

"

fxample 21

Polysialviation of EGF using aminooxy-PSA and m-toluidine as a nucleophilic catalvst

Method 1:

[D0328] A starting concentration of epidermal growth factor (EGI) is transferred into a
reaction buffer (e.g., 50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chioride, pid
6.0) and diluted to obtain a protein concentration of 1 mg/ml. To this solution, Nal(4 is
added to give a final concentration of 200 pM. The oxidation is carried at RT for 30 min in

the dark under gentle shaking. The reaction is then quenched with cysteine (final

concentratzion: 10 mM) for 60 min at R.T.
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[G0329]  The solution is next subjected to UF/DDF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the alternative, to an
IEX column with a volume of 20 ml (Merck EMD TMAE (M) which is equilibrated with
Buifer A (20 mM Hepes, 5 mM CaCi2, pH 7.0). The column is equilibrated with 5 CV
Buifer A. The oxidized EGF is eluted with Buffer B (20 mM Hepes, 5 mM CaCl2, 1M Na(l
pH 7.0). The EGF containing fractions are collected. The protein content is determined
(Coomassie, Bradford) and adjusted to I mg/ml with reaction buffer and adjusted to pH 6.0

by dropwise addition of 0.5M HCL

]

(063301 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD {described

above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room femperature. The excess of aminooxy reagent is removed by means of HIC. The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammoninm
acetate (50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chloride, 8 M ammoniom
acetate, pH 6.9) and loaded onto a coluram filled with 80 ml Phenyl Sepharose FIF (GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.9, Subsequently, the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2, Finally, the PSA-EGE
containing fractions are collected and subjected to UF/DF by use of a a membrane made of
regenerated celtulose (Millipore). The preparation is next analytically characterized by
measuring total protein (Coomassie, Bradford) and biological activity according to metheds

known in the art.

[06331]  In an alternative embodiment, Method 1 is carried out as follows. Epidermal
growth factor (EGF) is transferred into a reaction buffer (e.g., 50 mM “Hepes, 356 mM
sodium chioride, 5 mM calcium chioride, pH 6.0) and diluted to obtain a protein
concentration of 1 mg/ml. To this solution, NalO4 is added to give a final concentration of
200 pM. The oxidation is carried at R'T for 30 min in the dark under gentle sheking, The

reaction is then quenched with cysteine (final concentration: 10 mM) for 60 min at R.T.

[0G332]  The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
] pioying P p

to remove excess periodate, quencher and the byproducts thereof.



[063331 A S50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucieophilic catalyst (final concentration: 10
mM). The coupling reaction 1s performed for 2 hours in the dark under gentle shaking at
room temperature, The excess of aminooxy reagent 18 removed by means of ion exchange
chromatography. The PSA-EGH containing fractions of the eluate are collected and
subjected to UIYDE by use of a membrane made of regenerated celluiose (Millipore), The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biclogical activity according to methods known in the art.
Method 2:

H003341  BGE is transferred or dissolved in reaction buffer (e.g. 50 maM Hepes, 350 mM
sodinm chloride, 5 mM calcium chioride, pi 6.0) to get a final protein concentration of 1.0
+/- 0.25 mg/ml. Then the pH of the solution is corrected to 0.0 by drop wise addition of a
0.5 M aqueous HC1 solution. Subsequently, a 40 mM aqueous sodium periodate solution is
added within 10 mimstes to give a concentration of 200 pM, The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (1) of T= 422 +/- 2°C. Then the reaction is stopped by
addition of an aqueouns L-cysteine solution (1 M) within 15 minutes at T= +22 +/- 2°C to give

a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

(B0335]  The oxidized HCGF is further purified by jon exchange chromatography. The
oxidized EGY containing fractions of the eluate are collected and used for the conjugation

reaction,

[0336]  The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the puritfied oxidized EGE within a maximam time period (1)
of 15 minutes under gentle stirring. Then an agqueous m-toluidine solution (30 M) is added
within 15 minutes to get a final concentrarion of 10 mM. The reaction mixture is incubated
for 120 +/- 10 min. at pHl 6.0 in the dark at a temperature (T) of T= 422 4/- 2°C under gentle

shaking (protein concentration: 1 mg/ml).

[00337]  The obtained PSA-EGE conjugate is further purified by ion exchange
chromatography. The PSA-EGE conjugate containing fractions are collected and
concentrated by ultra-/diafiliration (UF/DF) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).



[D0338]  The conjugate prepared by use of this procedureis analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay).
Method 3:

[003391  Epidermal growth factor (EGF) is transferred into reaction buffer (50 mM Hepes,
350 mM sodivm chloride, 5 mM caleium chioride, pH 6.0) and diluted to obtain a protein
concentration of | mg/ml. A 50-fold molar excess of 2 PSA aminooxy reagent with a MW of
20 kD (described above) is added foliowed by m-toluidine as a nucleophilic catalyst (10 mM
{inal concentration) and Nal(4 (final concentration: 400 pM). The coupling reaction is
performed for 2 hburs i the dark under gentle shaking at room temperature. Subsequently,
the reaction is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM).
Then the conductivity of the reaction mixture is adjusted by adding a buffer containing
ammonium acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M
ammonium acetate, pH 6.9) and loaded onto a column filled with Phenyl Sepharose FF (GE
Healtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chioride, 5 mM calciam chloride, 0.01% Tween 80, pH 6.9, Subsequently
the conjugate is eluted with 50 mM Hepes, 5 mM calciom chloride, pH 7.5, Finally the PSA-
HGF containing fractions are collected and subjected to UF/DY by use of a membrane made
of regenerated cellulose (Millipore). The preparation is analytically characterized by
measuring total protein (Bradford) and biological activity according to methods known in the

art,

[00340]  In an alternative embodiment, Method 3 is carried out as follows. Epidermal
growth factor (BEGE) is transferred into reaction buffer {e.g. 50 mM Hepes, 350 mM sodium
chloride, 5 mM calcium chloride, pH 6.0) and ditated to obtain a protein concentration of |
mg/ml. A 50-fold molar excess of a PSA amincoxy reagent with a MW of 20 kD (described
above) is added followed by m-teluidine as a nucleoﬁhﬂic catelyst (10 mM final
concentration) and NalO4 (final concentration: 400 uM). The coupling reaction is performed
for 2 hours m the dark under gentle shaking at room temperature. Subsequently, the reaction
is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM) and the
conjugate is purified by ion exchange chromatography. The conjugate containing fractions of
the eluate are collected and subjected to UF/DE by use of a membrane made of regenerated
cellulose (Millipore). The preparation is analytically characterized by measuring iotal protein

(Bradford) and biclogical acfivity according to methods known in the art.

~ 117 -



Biethod 4

[60341] EGFE is dissolved in or transferred 1o a reaction buffer (e.g. 50 mM Hepes, 350
mM sodium chloride, 5 mM calcivm chloride, pH 6.0} to get a final protein concentration of
1.0 +/- 0.25 mg/mi. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

0.5 M agoeous HCI solution.

{00342]  Subsequently the aminooxy-polysialic acid (PSA-ONHZ) reagent 1s added in a 50-
fold molar excess to this EGF-solution within a maximum time period (t) of 15 minutes under
gentle stirring, Then an aquecus m-toluidine solution (50 mM) s added within 15 minutes to
get a final concentration of 13 mM. Finally a 40 mM aqueous sodium periodate solution is

added to give a concentration of 400 uM.

(003431 The reaction mixture is incubated for 120 +/- 10 min, in the dark at a temperature
(1) of T=+227 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aqueous L-cysteine solution (1 M) to give a final concentration of 10 mM in the reaction

mixture and incwbation for 60 +/- 5 min.

[60344]  The obtained EGF-conjugate is purified by ion-exchange chromatography. The
PEA-HEGE containing fractions of the eluate are coliected and concentrated by ultra-
fdiafiltration (UE/DF) using 2 membrane made of regenerated cellulose (Millipore).

1003457 The conjugates prepared by use of this procedure are analytically characterized by
measuring total protein, biclogical activity according to methods known in the art, and
determination of the polysialyation degree by measuring the PSA content (resorcinol assay).

)

Hxample 22

Polvsialviation of NGF using aminooxv-P5A and m-toluidine as a nucleonhilic catalvst

Method 1

1003461 A starting concentration of nerve growth factor (NGF) is transferred into a
reaction buffer (e.g., 50 mM Hepes, 350 mM sodiom chioride, 5 mM calcium chloride, pH
6.0y and diluted to obtain a protein concentration of T mg/ml. To this solution, Nal(4 is
added to give a final conceniration of 200 pM. The oxidation is carried at RT for 30 min in
the dark under gentle shaking. The reaction is then quenched with cysteine (final

copceniration: 10 mM) for 60 min at KT,
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(903471  'The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the alternative, to an
IEX column with a volume of 20 ml (Merck EMD TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCi2, pH 7.0). The column is equilibrated with 5 CV
Buffer A. The oxidized NGF is eluted with Buffer B (20 mM Hepes, 5 mM CaCl2, 1M
NMaCll, pH 7.0). The NGF containing fractions are collected. The protein content is
determined (Coomassie, Bradford) and adjusted to 1 mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5M HCL

[60348] A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (describad
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration:

10 mM}. The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy reagent is removed by means of HIC. The.
conductivity of the reaction mixture is adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chloride, 8 M ammoniom
acetate, pH 6.9} and leaded onto a column filled with 80 m! Phenvl Sepharose FF (GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes. 2.5 M ammonium acetate,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.9, Subsequently, the conjugate is
ehuted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2. Finally, the PSA-NGE
contarning fractions are coliected and subjected to UF/DF by use of 2 2 membrane made of
regenerated cellulose (Millipore). The preparation is next analytically characterized by
measuring tofal protein (Coomassie, Bradford) and biological activity according to methods

known in the art.

(03491  In an alternative embodiment, Method 1 is caried out as follows. Nerve growth
factor (NGF) is transferred into a reaction buffer (e. 2., 50 mM Hepes, 350 mM sodium
chloride, 5 mM calcium chloride, pH 6.0) and diluted to obtain a protein concentration of 1
mg/ml. To this solution, NalO4 is added to give a final concentration of 200 uM. The
oxidation is carried at RT for 30 min in the dark under gentle shaking. The reaction Is then

quenched with cysteine (final concentration: 10 mM) for 60 min at RT.

[G0350]  The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators

to remove excess periodate, quencher and the byproducts thereof.
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003811 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kI {described
above) is added followed by m-tohuidine as a nucleophilic catalyst (final concentration: 10
mM;}. The coupi‘ing reaction is performed for 2 hours in the dark under gentle shaking at
roon) temperatire. The excess of aminooxy reagent is removed by means of ion exchange
chromatography. The PSA-NGE containing fractions of the eluate are collected and subjected
to UF/DF by use of a membrane made of regenerated celtulose (Millipore). The preparation
is next analytically characterized by measuring total protein (Coomassie, Bradford) and

biological activity according to methods known in the art.
Method Z:

[BO352]  NGE is transferred or dissolved in reaction buffer (e.g. 50 mM Hepes, 350 mM
sodium chioride, 5 mM calcinm chloride, pH 6.0} to get a final protein concentration of 1.0
+- (.25 mg/mi. Then the pH of the solution is corrected to 6.0 by drep wise addition of a
0.5 N agoeous HC solution. Subsequently, a 40 mM agueous sodium periodate solution is
added within 10 minutes to give a concentration of 200 uM. The oxidation reaction is carried
out for 30 +/- 5 min at a temperatore (1) of T= 422 +/- 2°C. Then the reaction is stopped by
addition of an aquecus L-cysteine solution (! M) within 15 minutes at T= +22 +/- 2°C {0 give

a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

[B0353]  The oxidized NGF is further purified by ion exchange chromatography, The
oxidized NGFeontaining fractions of the eluate are collected and used for the conjugation

reaction.

(063547 The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized NGF within a maximum time period (1)
of 15 minutes under gentle stirring. Then an agqueous m-toluidine sointion (50 mM) is added
within 15 minutes to get a final concentration of 10 mM. The reaction mixture is incubated
for 120 +/- 16 min. at pH 6.0 in the dark at a temperature (1) of T= +22 +/- 2°C under gentle
shaking (protein concentration: 1 mg/mi).

[00358]  The obtained PSA-NGF conjugate 15 further purified by ion exchange
chromatography, The PSA-NGF conjugate containing fractions are collected and
concentrated by ultra-/diafiltration {UF/DF) using a membrane made of regenerated celinlose

with an appropriate molecular weight cut off (Miliipore).
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[60356] The conjugate prepared by vse of this procedureis analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay),
Method 3:

[D0357]  Nerve growth factor (NGF) is fransferred into reaction buffer (50 mM Hepes, 350
mM sodium chioride, 3 mM caleium chloride, pH 6.0) and diluted o obtain a protein
concentration of I mg/ml. A 50-fold molar excess of aminooxy-PSA reagent with a MW of
20 kD (described above) is added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and NalO4 (final concentration: 400 uM), The coupling reaction is
performed 'fOl"Z hours in the dark under gentle shaking at room temperature. Subsequently,
the reaction is quenched with cysteine for 60 min at RT {cysteine concentration; 10 mM).
Then the conductivity of the reaction mixture is adjusted by adding a buffer containing
ammonium acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M
ammoninm acetate, pH 6.9) and loaded onte a column filled with Phenyl Sepharose FF (GE
Healtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chioride, 5 mM calcium chloride, (.01 % Tween 80, pH 6.9. Subsequently
the conjugate 1s eluted wiih 50 mM Hepes, 5 mM calcium chloride, pH 7.5, Finally, the PSA
NGF -containing fractions are collected and subjected to UF/DF by use of a membrane made
of regenerated cellulose (Millipore). The preparation is analytically characterized by
measuring total protein (Bradford) and biological activity according to methods known in the
art.

[6G358]  In an alternative embodiment, Method 3 is carried out as follows. Nerve growth
factor (NGF) is transferred into reaction buffer (e.g. 50 mM IHepes, 350 mM sodium chloride,
5 mM calcium chloride, pH 6.0} and diluted o obtain a protein concentration of 1 m giml. A
50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described above) is
added followed by m-toluidine as a nucleophilic catalyst (10 mM final concentration) and
NalG4 (final concentration: 400 uM). The coupling reaction is performed for 2 hours in the
dark under gentle shaking at room temperature, Subsequently, the reaction is quenched with
cysteine for 60 min at R'T (cysteine concentration: 10 mM) and the conjugate is purified by
ion exchange chromatography. Then the PSA-NGF containing fractions of the eluate are
collected and subjected to UF/DF by use of a membrane made of regenerated cellulose
(Millipore). The preparation is analytically characterized by measuring total protein

(Bradford) and biological activity according to methods known in the art.
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Method 4:

[30359] NGF is dissolved in or vansferred to a reaction buffer (e.g. 50 mM Hepes, 350
mM sodinm chloride, 5 mM calcium chloride, pH 6.0} to get a final protein concentration of
1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

(.5 N agueous HCI solution.

(003607 Subsequently, the aminooxy-polysialic acid (PSA-ONH2) reagent is added in a
50-fold molar excess to this NGF-solution within a maximum time period (£) of 15 minutes
under gentie stirring. Then an agueous m-toluidine solution (50 mM) is added within 15

minutes to get a final concentration of 10 mM. Finally a 40 mM aqueous scdium periodate

solution is added to give a concentration of 400 M.

[893611  The reaction mixture is incubated for 120 +/- 10 min, in the dark at a temperature
(1) of T= +22 +/- 2°C under gentle shaking. Then the reaction 1s stopped by the addition of
an agueous L-cysteine solution (1 M) to give a final concentration of 10 yaM in the reaction

mixtore and incubation for 60 +/- 5 min.

(003621  The obtained NGF- conjugate is purified by ion-exchange chromatography, The

PSA-NGF containing fractions of the eluate are collected and concentrated by witra-

/diafiltration (UF/DF) using a membrane made of regenerated cellulose (Millipore),

[80363]  The conjugates prepared by use of this procedure are analytically characterized by

measuring total profein, biological activity according to methods kaown in the art, and

determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
Example 23

Polysialvlanion of HOH nsing aminooxv-PSA and m-toluidine as a nucleophilic catalyst

Method 13

[00364]  As described herein, the amino acid sequence of human growth hormone (HGH)
is first modified to incorporate at least one glycosylation site. Following purification, HGt is

glycosylated in vitro according to methods known in the art.

(303651 A starting concentration of human growth hormone (HGH) is transferred into a
reaction buffer (e.g., 50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chioride, pH
6.0y and diluted to obtain a protein concentration of 1 mg/ml. To this solution, NaJO4 is

added to give a final concentration of 200 pM. The oxidation is carried at R'T for 30 min in



the dark under gentle shaking. The reaction is then quenched with cysteine (final

concentration: 10 mM) for 60 min at RT,

[00366] The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the alternative, to an
X column with a volume of 20 ml (Merck EMD TMAE (M)} which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCl2, pH 7.0). The columm is equilibrated with 5 CV
Buller A, The oxidized HGH is elated with Buffer B (20 mM Hepes, 5 oM CaCl2, 1 M
NaCl, pH 7.0). The HGH containing fractions are collected. The protein content is
defermined (Coomassie, Bradford) and adjusted to 1 mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5 M HCI.

[00367] A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is acded followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room femperature. The excess of aminooxy reagent is removed by means of HIC. The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calciom chloride, 8 M ammonium
acetate, pkl 6.9} and loaded onto a columa filled with 80 mi Phenyl Sepharose FF (GE
Healtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammenium acetate,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.9, Subseguently the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2. Finally, the PSA-HGH
containing fractions are collected and subjected to UF/DE by use of 2 membrane made of
regenerated cellulose (Millipore). The preparation is next analytically characterized by
measuring total protein (Coomassie, Bradford) and ‘%}iological activity according to methods

known in the art.

[00368]  In an alternative embodiment, Method | is carried out as follows. As described
herein, the amine acid sequence of human growth hormone (HGH) is first modified to
incorporate at least one glycosylation site. Following purification, HGH is glycosylated in
vitro according to methods known in the art. HGH is transferred into a reaction buffer (..,
50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) and difuted to
obiain a protein concentration of 1 mg/ml. To this solution, Nal(4 is added to give a finaj
concentration of 200 uM. The oxidation is carried at RT for 30 min in the dark under gentle
shaking. The reaction is then quenched with cysteine (final concentration: 10 mM) for 60

min at RT.



[BG36%]  The solution 15 next subjected to UFIDIF employing Vivaspin centrifugal filtrators

to remove excess periodate, quenchwer and the byproducts thereof,

[BG3706] A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentie shaking at
room temperature. The excess of arninooxy reagent is removed by means of fon exchange
chromatography, The PSA-HGH containing fractions of the eluate are collected and
subjected to UF/DF by use of a membrane made of regenerated cethilose {Millipore), The
preparation is next analytically characterized by measuring total protein (Cocmassie,

T
1z

Hradford) and biological activity according to methods known in the art.
Method 2:

(363711 As described herein, the amino acid sequence of human growth hormone (HIGH)
ig first modified to incorporate at least one glycosylation site. Following purification, HGH is
glycosviated in vitro according to methods known in the art,

(663727 HGH is transferred or dissolved in reaction buffer (e.g. 50 mM Hepes, 350 mM
sodivm chloride, 5 mM calcium chioride, pH 6.0) to get a final profein concentration of 1.0
+/- 0.25 mg/ml. Then the ptl of the solution s comecied to 6.0 by drop wise addition of a
0.5 M aquecus B solution. Subsequently, a 40 mM aqueous sodium periodate solution is
added within 10 minuies to give a concentration of 200 uM. The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (1) of T= +22 +/- 2°C. Then the reaction 1s stopped by
addition of an agueous L-cysteine solution (1 M) within 15 minutes at T= +22 +/- 2°C to give

3 final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 8§ min.

[O8373]  The oxidized HGH is further purified by ion exchange chromatography. The
oxidized HGH containing fractions of the eluate are collected and nsed for the conjugation

reaction.

[04374)  The amincoxy-polysialic acid (PSA-ONHZ) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized HGH within a maximum time period (t)
of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution (50 mM) is added
within 15 minutes to get a final conceniration of 10 mM, The reaction mixture is incubated
for 120 ++/- 10 min. at pH 6.0 in the dark at a temperature (T) of T= +22 +/- 2°C under gentle

shaking (protein concentration: 1 mg/ml).



[60375]  The obtained PSA-HGH conjugate is further purified by ion exchange
chromatography. The PSA-HGH conjugate containing fractions are collected and
concentrated by ultra-/diafiltration (UF/DF) using 2 membrane made of regenerated ceflulose

with an appropriate molecular weight cut off (Miliipore).

1683761  The conjugate prepared by use of this procedureis analytically characterized by
measuring fotal protein, biotogical activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay),
Method 3:

(003771 As described herein, the amino acid sequence of human growth hormone (HGH)
1s first modified to incorporate at least one glycosylation site. Following purification, HGH is

glycosylated in vitre according to methods known in the art,

[00378]  Human growth hormone (HGH) is transferred into reaction buffer (30 mM Hepes,
350 mM sodiwm chloride, 5 mM calcium chioride, pH 6.0) and diluted to obtain a protein
concentration of 1 mg/ml. A 50 fold molar excess of aminooxy-PSA reagent with a MW of
20 kD (described above) is added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and Nal(O4 (final concentration: 400 uM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room temperature. Subsequently,
the reaction is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM).
Then the conductivity of the reaction mixture is adjusted by adding a buffer containing
ammonium acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M
ammonium acetate, pH 6.9) and loaded onto a column filled with Phenyl Sepharose FF (GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sedium chioride, 5 mM caleinm chloride, 0.01% Tween 80, pH 6.9, Subsequently
the conjugate is eluted with 50 mM Hepes, 5 md calcium chloride, pH 7.5, Finally, the PSA
HGH -containing fractions are collected and subjected to UF/DF by use of a membrane made
of regenerated cellulose (Millipore). The preparation is analytically characterized by
measuring total protein (Bradford) and biological activity according to methods known in the

art,

[083792]  In an alternative embodiment, Method 3 is camried out as follows. As described
herein, the amino acid sequence of human growth hormone (HGH) is first modified to
incorporate at least one glycosylation site. Following purification, HGH is glycosylated in

vitro according to methods known in the art. HGH is transfesred into reaction buffer (e.g. 50



mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) and diluted to obtain
a protein concentration of I mg/ml. A 50 {0]ld molar excess of aminooxy-PSA reagent with 2
MW of 20 kD (described above) is added followed by m-toluidine as a nucleophilic catalyst
(10 mM final concentration) and Nal{4 (final concentration: 400 uM). The coupling
reaction is performed for 2 hours in the dark under gentle shaking at room temmperature.
S‘L‘i.bsequan'l:i.y, the reaction is guenched with cysteine for 60 min at RY (cysteine
concenfration: 10 mM) and the conjugate 1s purified by ion exchange chromatography. Then
the PSA -HOH -containing fracfions of the eluate are collected and subjected to UF/DE by
use of a membrane made of regenerated cellulose (Millipore). The preparation is apalytically
characterized by measuring total protein {Bradford) and biclogical activity according to

methods known in the art.
Mipthod 4

[B0380]  As described herein, the amino acid sequence of human growth hormone (HGH)

elyvcosylated in vitro according to methods known in the art.

(6038311 HOH s dissolved in or transferred to a reaction buffer (e.g. 50 mM Hepes, 350
mdd sodinm chloride, 5 mM calcium chloride, pH 6.0) to get a final protein concentration of
1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected o 6.0 by drop wise addition of 4

0.5 N aqueous HCI solution.

[BO382Z]  Subsequently, the aminooxy-polysialic acid (PSA-ONHZ) reagent is added in a
50-fold molar excess to this HGH- solution within a maximum time period () of 15 minutes
under genile stirring. Then an aqueous m-toluidine solution (50 mM) is added within 13
minutes to get a final concentration of 10 mM. Finally a 40 mM agueous sodium pericdate

solution is added o give a concentration of 400 LML

[B0383] The reaction mixture is incubated for 120 +/~ 10 min. in the dark at a temperature
(Ty of T= +22 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an agueous L-cysteine solution (1 M) to give a final concentration of 10 mM in the reaction

mixture and incubation for 60 +/- 5 mn.

003841 The obtained HGH- conjugate is purified by ion-exchange chromatography. The
PSA-HGH containing fractions of the eluate are collected and concentrated by ultra- /

diafiltration (UF/DF) using a membrane made of regenerated cellalose (Millipore),
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[883851  The conjugates prepared by use of this procedure are analytically characterized by
measuring total protein, biological activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
Example 24

Polvsialviation of TNF-zinha using aminooxv-PSA and m-ioludine as a nucleophilic catalvst

[00386]) A starting concentration of fumor necrosis factor-alpha (TNF-alpha) is transferred
into a reaction buffer (e.g., 50 mM Hepes, 350 mM sodium chloride, 5 raM calcium chioride,
pH 6.0) and diluted to obtain a protein concentration of I mg/ml. To this solution, Nal(4 is
added to give a final concentration of 200 uM. The oxidation is carried at RT for 30 min in
the dark vnder gentle shaking. The reaction is then quenched with cysteine (final

concentration: 10 mM) for 60 min at RT.

[00387]  The solution is next subjected to UF/DE employing Vivaspin centrifugal filtrators
to rermove excess periodate, quencher and the bypreducts thereof or, in the alternative, to an
IEX column with a volume of 20 m! (Merck EMD TMAE (M)} which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCl2, pH 7.0). The cohumn is equilibrated with 5 CV
Buffer A, The oxidized TNF-alpha is eluted with Buffer B (20 mM Hepes, 5 mM CaCl2, 1M
NaCl, pH 7.0). The TNF-alpha containing fractions are collected. The protein content is
determined (Coomassie, Bradford) and adjusted to T mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5M HC1.

[BO388] A 50-fold molar excess of aminooxy-P5A reagent with a MW of 20 kD {described
above) is added followed by m-teluidine as a nucleophilic catalyst {final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
reom femperature. The excess of aminooxy reagent is removed by means of HIC. The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammenium
acetate (30 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M ammonivm
acetate, pH 6.9) and loaded onto a column filled with 80 ml Phenyl Sepharose FF{GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chiloride, 5 mM caleium chloride, pH 6.9. Subsequently, the conjugate is
einted with 50 mM Hepes butfer pH 7.5 contaiming 5 mM Call2, Finally the PSA- TNF-
alpha -containing fractions are coliected and subjected to UF/DF by use of a a membrane

made of regenerated celiulose (Millipore). The preparation is next analytically characterized
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by measuring total protein (Coomassie, Bradiord) and biological activity according to

methods known i the art,

[BO38%7  Inan alternative embodiment, Method 1 is carried out as foflows. Tumor necrosis
factor-alpha (TNVF-alpha) is transterred into a reaction buffer {e.g. 50 mM Hepes, 350 mM
sodium chioride, 5 mM calcium chioride, pH 6.0) and diluted fo obtain a protein
cencentration of 1 mg/ml. To this solution, Nal(34 is added to give a final concentration of
200 pM. The oxidation is carried at RT for 20 ouin in the dark under gentle shaking. The

reaction is then quenched with cysteine (final concentration: 10 mM) for 60 min at RT.

(003997 The sobution 18 next subjected to US/DE employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof. A 50-fold molar excess of
aminooxy-PSA reagent with a MW of 20 kD {described above) is added followed by m-
toluidine as a nucleophilic catalyst (final concentration: 10 mM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room temperature. The excess of
aminooxy reagent is removed by means of ion exchange chromatography. The PSA-TNF-
alpha containing fractions of the ehuate are collected and subjected to UF/DF by use ofa a
membrane made of regenerafed celinlose (Millipore). The preparation is next analytically
characterized by measuring total protein {Coomassie, Bradford) and biclogical activity

according to methods known in the art.
Bethod Z:

{03911 TNF-alpha is transferred or dissolved in reaction buffer {e.g. 50 mM Hepes, 350
M sodivm chioride, 5 mM caleinm chloride, pH 6.0) to get 2 final protein concentration of
1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a
0.5 N agueous HC solution. Sabsequently, a 40 mM aqueous sodium periodate solution is
added within 10 minutes to give a concentration of 200 pM. The oxidation reaction is carried
out for 30 /- 5 min at a temperature (T) of T= 422 +/- 2°C., Then the reaction is stopped by
addition of an agueous L-cysteine sclution (1 M) within 15 minutes at T= +22 +/- 2°C'to give

g final coneceniration of 10 mM in the reaction muixture and incubation for 60 +/- 5 min.

[00252]  The oxidized TNF-alpha is further purified by ion exchange chromatography. The
oxidized TNF-alpha containing fractions of the eluate are collected and used for the

conjugation reaction.



[28353]  The aminooxy-polysialic zcid (PSA-ONH2) reagent 1s added in a 50-fold molar
excess o the eluate containing the purified oxidized TNVF-alpha within a maximum time
peried (£} of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution (50 mM)
is added within 15 minmutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. at pH 6.0 n the dark at a temperature (T) of T=+22 +/- 2°C

under gentle shaking (protein concentration: 1 mg/ml).

[0032%4]  The obtained PSA-TNF-alpha conjugate is further purified by ion exchange
chromatography. The PSA-TNI-alpba conjugate containing fractions are collected and
concentrated by uitra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off {Millipore).

[00395]  The conjugate prepared by use of this procedurels analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content {resorcinol assay).
Method 3:

(083961 Tumor necrosis factor-alpha {TNF-alpha) is transferred into reaction buffer (e.g.
50 mM Hepes, 350 mM sodium chicride, 5 mM calcinm chleride, pH 6.0) and diluted to
obtain 2 protein concentration of [ mg/ml. A 50-foid molar excess of aminooxy-PSA reagent
with a MW of 20 kDD (described above) is added followed by m-toluidine as a nucieophilic
catalyst (10 mM final concentration) and MalO4 (final concentration: 400 uM). The coupling
reaction is performed for 2 hours in the dark under gentle shaking at room temperature.
Subsequently, the reaction is quenched with cvsteine for 60 min at RT (cysicine
concentration: 10 mM). Then the conductivity of the reaction mixture is adjusied by adding a
buffer containing ammoniam acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM
calcium chioride, 8 M ammonium acetate, pH 6.9) and loaded onto a column filled with
Phenyl Sepharose I'F (GE Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5
M ammoniom acetate, 350 mM sodium chloride, 5 mM calcium chioride, 0.01 % Tween 80,
pH 6.9, Subsequently the conjugate is eluted with 50 mM Hepes, 5 mM calcium chioride, pH
7.5, Finally the PSA-TNF-alpha -containing fractions are collected and subjected to UF/DF
by use of a membrane made of regeperated cellulose (Millipore). The preparation is
analytically characterized by measuring total protein {Bradford) and biological activity

according to methods known in the art,
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FGO3971  Inan alternative embodirnent, Method 3 s camted out as follows. Tumeor necrosis
factor-alpha (TNF-alpha) is transferred into reaction buffer (e.g. 50 mM Hepes, 336 mM
sodium chloride, 5 mM calcinm chioride, pH 6.0) and diluted to obtain a protein
concentration of 1 mg/ml. A 50-fold molar excess of aminocoxy-PEA reagent with a MW of
20 kD (described above) is added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and MNalQ4 {final concentration: 400 pM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room temperature, Subsequently,
the reacticn is quenched with cysteine for 60 mun at RT (cysteine concentration: 10 mM) .and
the conjugate is purified by ion exchange chromatography, The PSA-TNF-alpha containing
fractions of the elvate are collected and subjected to UF/DEF by use of a membrane made of
regenerated cellulose (Millipore), The preparation is analytically characterized by measuring

total protein (Bradford) and biological activity according to methods known in the art,
Methoa 4

[00398]  TNF-alpha is dissolved in or transferred to a reaction buffer (e.g. 50 mM Hepes,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) to get a final protein concentration
of 1.0 +/- 0.25 mg/ml. Then the pH of the sohstion is corrected 1o 6.0 by drop wise addition

of a 0.5 N agueous HU solution.

(B3399]  Subsequently the aminocoxy-polysialic acid (PSA-ONHZ) reagent is added in a 50-
fold molar excess to this TMF-alpha-sclution within a maximum time period (t) of 15 mimates
under gentle stivring. Then an agueous m-toluidine solution (50 mM) 1 added within 15
minutes to get a final concentration of 10 mM. Finally a 40 mM agqueous sodium periodate

solution is added o give a concentration of 400 uM,

(864807  The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature
(1) of T= 422 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aqueous f-cysteine solution (1 M) to give a final concentration of 10 mM in the reaction
mixtore and incubation for 60 +/- 5 min.
[06401]  The obtained TNF-alpha conjugate is purified by ion-exchange chromatography.
The PSA-TNF-alpha containing {ractions of the eluate are collected and concentrated by
ultra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose (Millipore).
(04021 The conjugates prepared by use of this procedure are analytically characterized by
measuring total protein, biological activity according to methods known in the art, and

determination of the polysialvation degree by measuring the PSA content (resorcinol assay).
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Example 75

Polysialviation of insulin using aminooxy-FSA and m-toluidine as a nucleonhilic catalyst

Method 1:

[03403]1  As described herein, the amino acid sequence of insulin is first modified to
incorporate at least one glycosylation site. Following purification, insulin is glycosylated in
vitre according to methods known in the arl. A starfing concentration of insulin is transferred
info areaction buffer {e.g., 30 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride,
pH 6.0) and diluted to obtain a protein concentration of 1 mg/mi. To this solution, Nal04 is
added to give a final concentration of 200 uM. The oxidation is carried at RT for 30 min in
the dark under gentle shaking. The reaction 1s then quenched with cysteine (final

concentration: 10 mM) for 60 min at RT.

[00404]  The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the alternative, to an
IEX column with a volume of 20 ml (Merck EMD TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 oM CaCi2, pH 7.0). The column is equilibrated with 5 CV
Buffer A. The oxidized insulin is eluted with Buffer B (20 mM Hepes, 5 mM CaCi2, 1 M
NaCl, pH 7.0). The insulin containing fractions are collected, The protein content is
determined (Coomassie, Bradford) and adjusted to 1 mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5 M HCL

(0048571 A 50-fold melar excess of aminooxy-PSA reagent with a MW of 20 kD (desciibed
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM}. The coupling reacticn is pcﬁ'on“néd for 2 hours in the dark under gentle shaking at
room temperature. The excess of amincoxy reagent is removed by means of HIC. The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammoniam
acetate (30 mM Hepes, 350 mM sodium chloride, 5 mM calcinm chioride, § M ammonium
acetate, pH 60.9) and loaded onto a column filled with 80 m! Phenyl Sepharose FF (GE
Healtheare, Fairfield, CT) pre-eguilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chioride, 5 mM calcium chloride, pH 6.9, Subseguently the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2. Finally the PSA-insulin
containing fractions are collected and subjected to UX/DF by use of a a membrane made of

regenerated cellulose (Millipore). The preparation 15 next analytically characterized by
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measuoring total protein (Coomassie, Bradford) and biological activity according to methods

known in the art.

[G0406]  In an alternative embodiment, Method 1 is carried out as follows. As described
herein, the amino acid sequence of insulin is first modified to incorporate at least one
glycosylation site. Fellowing purification, insulin is glycosylated in vitro accoyding to
methods known in the art. Insulin is transferred 1nto a reaction buffer (e.g., 50 mM Hepes,
350 mM sodium chloride, 5 wmM caleium chionde, pH 6.0} and diluted to obtain a protein
concentration of 1 mg/mi. To this solution, Nal(34 1s added to give a final concentration of
200 uM., The oxidation is carried at KT for 30 min in the dark under gentle shaking, The

reaction is then quenched with cysteine (final concentration: 10 mM) for 60 rain at RT.

1034671 The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators

to renove excess periodate, quencher and the byproducts thereof,

(004081 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy reagent is removed by means of lon exchange
chromatography. The PSA-insulin containing fractions of the eluate are collected and
subjected to UF/DF by use of a membrane made of regenerated cellulose (Millipore). The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.
Method 2:

[80469]  As described herein, the amino acid sequence of insulin is first modified to
incorporate at least one glycosylation site. Following purification, insulin is glycosylated in

vitro according to methods known in the art.

To0410]  Insulin is transferred or dissolved in reaction buffer {e.g. 50mM Hepes, 350mi
sodium chloride, SmM calcium chloride, pH 6.0) to get a {inal protein concentration of 1.0
+/- 0.25 mp/ml. Then the pH of the selution is corrected to 6,0 by drop wise addition of a
0.5 N agueous HCl solution, Subsequently, o 40 mM agueous sodium periodale solution 1s
added within 10 minutes to give a concentration of 200 uM. The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (1) of T=+22 +/- 2°C. Then the reaction is stopped by
addition of an aqueous L~cysteine solution (1 M) within 15 minutes at T= +22 +/- 2°C to give

a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5 man.
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[06411] The oxidized insulin is further purified by ion exchange chromatography. The
oxidized insulin containing fractions of the eluate are collected and used for the conjugation

reaction.

[$50412]  The aminocoxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized insulin within a maximum time period (t)
of 15 minutes under gentle stiming. Then an agqueous m-toluidine solution (50 mM) is added
within 15 minutes to get a final conceniration of 10 mM. The reaction mixture 1s incubated
for 120 +/- 10 min. at ptd 6.0 in the dark at a temperature (T) of T= +22 +/- 2°C under gentle

shalang (protein concentration: 1 mg/ml).

[60413]  The obtained PS5 A-insulin conjugate is further purified by ion exchange
chromatography. The PSA-insulin conjugate containing fractions are collected and
concentrated by ultra-/diafiftration (UF/DE) using a membrane made of regenerated cellunlose
with an appropriate molecular weight cut off (Millipore).

(004147 The conjugate prepared by use of this procedureis analytically characierized by
measuring total protein, biological activity, and determination of the polysialvation degree by

measuring the PSA content (resorcinol assay).
Method 3:

[004157  As described herein, the amino acid sequence of insulin is first modified to
incorporate at least one glycosylation site. Following purification, insulin is glycosylated in

vitro according to methods known in the art,

[08416]  Insulin is transferred into reaction buffer (50 mM Hepes, 350 mM sodium
chloride, 5 mM caleium chioride, pH 6.0) and diluted to obtain a protein concentration of 1
mg/mt, A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (10 mM final
concentration) and NalO4 (final concentration: 400 uM). The coupling reaction is performed
for 2 hours in the dark under gentle shaking at room temperature. Subsequently, the reaction
1s quenched with cysteine for 60 min at RT {cysteine concentration: 10 mM). Then the
conductivity of the reaction mixture is adiusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chioride, 5 mM calciwm chiloride, 8 M ammonium
acetate, pH 6.9) and loaded onto a column filled with Phenyt Sepharose FY (GE Healthcare,
Fawrfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate, 350 mM

sodium chlenide, 5 mM calcium chloride, 0.01 % Tween 80, pH 6.9, Subsequently the
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conjugate is eluted with 50 mM Hepes, 5 mM calcium chioride, pH 7.5, Finally, the PSA-
insulin containing fractions are collected and subjected to UF/DF by use of a membrane made
of regenerated cellulose (Millipore). The preparation is analytically characterized by
measuring total protein (Bradford) and biological activity according to methods known in the

art,

004171 In an alternative embodiment, Method 3 1g carried cut as follows. As described
herein, the amino acid sequence of insulin is first modified to incorporate at least one
glvcosylation site, Following purification, insulin is glycosylated in vitro according to

methods known m the art.

(804181 Insulin is transferred into reaction buffer {e.g. 50 mM Hepes, 350 mM sodiom
chloride, 5 mM calcium chloride, pH 6.0} and diluted to obtain a protein concentration of |
mg/ml. A 50-fold molar excess of amincoxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst {10 mM final
concentration} and NalO4 (final concentration: 400 uM). The coupling reaction is performed
for 2 hours in the dark under gentle shaking at room temperature, Subsequently, the reaction
is guenched with cysteine for 60 min at RT (cysieine concentration: 10 mM) and the
conjugate is purified by ion exchange chromatography. PSA-insulin confaining fractions of
the eluate are collected and subjected to UF/DFE by use of a membrane made of regenerated
cellilose (Millipore}, The preparation is analytically characterized by measuning total protein

(Bradford) and biological activity according to methods known in the art.
Method 4:

[03419]  As described herein, the amine acid sequence of insulin is first modified to
incorporate at least one glycosylation site. Following purification, insulin is glycosylated in

vitro according to methods known in the art.

(804201  Insulin is dissolved in or transferred fo a reaction buffer (e.g. 50 mM Hepes, 350
mM sodivm chlonde, 5 mM caleiumn chiodde, pH 06.0) to get a final protein concentration of
1.0 +/-0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

(0.5 M aguecus HCT solation.



[60421]  Subsequently, the aminooxy-polysialic acid (PSA-ONH2) reagent is added in a
50-fold molar excess to this insulin-solution within a maximum time period (t) of 15 minutes
under gentle stiming. Then an agueous m-toluidine sotution (50 mM) is added within 15
minutes to get a final concentration of 10 mM. Finally a 40 mM aqueous sodium periodate

solution is added to give a concentration of 400 M.

(604221 The reaction mixture is incubated for 120 -+/- 10 min. in the dark at a temperature
(T} of T= +22 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aqueous L-cystemne solution (1 M) to give a final concentration of 10 mM in the reaction

inixture and incubation for 60 +/- 5 min.

[00423] 'The obtained insulin conjugate is purified by ion-exchange chromatography. The

PSA- insulin containing fractions of the eluate are collected and concentrated by ultra-

fdiafiltration (UJE/DF) using a membrane made of regenerated cellulose (Millipore).

(03424]  The conjugates prepared by use of this procedure are analytically characterized by

measuring total protein, biological activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
Example 26

Polvsialviation of interferon-alpha wsing amimooxy-PSA and m-toluidine as a nucleephilic

catalyst
Method 1:

(004251 A starting concentration of interferon-aipha is transferred into a reaction buffer
{e.g., S0 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) and diluted
to obtain a protein concentration of 1 mg/ml. To this solution, Nal04 is added to give a final
concentration of 200 uM. The oxidation is carried at RT for 30 min in the dark under gentle
shaking., The reaction is then quenched with cysteine (final concentration: 10 mM) for 60

mir at RT.

[B0426] The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove exceess periodate, quencher and the byproducts thereof or, in the alternative, to an
JEX column with a volume of 20 mi (Merck EMID TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCi2, pH 7.0). The column is equilibrated with 5 CV
Buiffer A. The oxidized interferon-aipha is eluted with Buffer B (20 mM Hepes, 5 mM

CalC’l2, 1M NaClL pH 7.0). The interferon-alpha containing fractions are collected. The



protein content is determined (Ceomassie, Bradford) and adjusted to | mg/ml with reaction

buffer and adjusted to pH 6.0 by dropwise addition of 0.5 M HCL

(604271 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy reagent is removed by means of HIC. The
conductivity of the reaction mixture 1s adjusted by adding a buffer containing ammoninm
acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chioride, 8 M ammoninm
acetate, pH 6.9) and loaded onto a column filled with 80 il Phenyl Sepharose TF (GE
Healthecare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chioride, 5 mM calcium chloride, pH 6.9, Subsequently, the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2. Finally the PSA-
interferon-alpha containing fractions are collected and sublected 1o UF/DF by use of a
mernbrane made of regenerated celiulose (Millipore). The preparation is next anal ytically
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to methods known in the art,

[00428]  In an aliernative embodiment, Method 1 is carried out as follows, Interferon-alpha
18 transferred into a reaction buffer (e.g. 50 mM Hepes, 350 mM sodium chloride, 5 mM
calcium chloride, pH 6.0) and dilnted to obtain a protein concentration of 1 mg/m!l. To this
solution, NalO4 1s added to give a final concentration of 200 uM. The oxidation is carried at
R Yor 30 min in the dark under gentle shaking. The reaction is then quenched with cysteine

(final concentration: 10 mM) for 60 min at RT,

(304251 "The solution is next subjected to UF/DE employing Vivaspin centrifugal filtrators

to remove excess pericdate, quencher and the bynroducts thereof,

(304307 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mMvl). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy reagent s removed by means of iog-exchange
chromatography, The PSA-interferon-alpha containing fractions of the eluate are collected
and subjected to UL/DE by use of a membrane made of regenerated cellulose (Millipore),
The preparation is next analytically characterized by measuring total protein (Coomassie,

Bradiord) and biological activity according to methods kmown in the art,
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Method Z:

{08431] Interferon-alpha is transferred or dissolved in reaction buffer (e.g. 50 mM Hepes,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) to get a final protein concentration
of 1.O +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition
of a 0.5 N agueous HCI solution. Subsequently, 2 40 mM aqueous sodium periodate solution
18 added within L0 minutes to give a concentration of 200 uM, The oxidation reaction is
carried out for 30 +/- 5 min at a temperature (1) of T= +22 +/- 2°C, Then the reaction is
stopped by addition of an aqueous L-cysteine solution (I M) within 15 minutes at Trr 422 +/-
2°C to give a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5

min.

[(9432]  The oxidized interferon-alpha 1s forther purified by ion exchange chromatography.
The oxidized interferon-alpha containing fractions of the eluate are collected and used for the

conjugation reaction.

[00433]  The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized interferon-gamma within a maximum
time period (f) of 15 minutes under gentle stirring. Then an agqueous m-toluidine selution (50
mMM) is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture
is incubated for 120 +/- 10 min. at pH 6.0 in the dark at a temperature (T) of T= 422 +/- 2°C

under gentle shaking (protein conceniration: 1 mg/ml}.

[@0434]  The obtained PSA-interferon-alpha conjugate is further purified by ion exchange
chromatography. The PSA-interferon-alpha conjugate containing fractions are collected and
concentrated by ultra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).
Wethod 3:

{@@435} Enierferon—alpha is transferred into reaction buffer (5¢ mM Hepes, 350 mM
sodium chloride, 5 mM calcium chloride, pH 6.0) and diluted to obtain a protein
concentration of 1 mg/ml. A 50-fold molar excess of a PSA aminooxy reagent with a MW of
20 kD (described above) 1s added followed by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and NalO4 (final concentration: 400 uM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room tem peramre.. Subsequently,
the reaction is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM),

Then the conductivity of the reaction mixture is adjusted by adding a buffer containing
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ammonium acetate (50 M Hepes, 350 mM sodium chloride, 5 mM calcium chioride, 8 M
ammonium acetate, pH 6.9) and loaded onto a column filled with Phenyl Sepharose I'F (GE
Healtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammoniam acetate,
450 mM sodium chloride, 5 mM calcium chloride, 0.01 % Tween 80, pH 6.9, Subsequently
the conjugate is eluted with 50 mM Hepes, 5 mM calciom chleride, pH 7.5, Finally, the

PS A-interferon-alpha containing fractions are collected and subjected to UF/DF by use of a
membrane made of regenerated cellulose (Millipore). The preparation is analytically
characterized by measuring total protein (Bradford) and biological activity according to

methods known in the art.

604361 In an altemative embodiment, Method 3 is carried out as follows. Interferon-alpha
is transferred into reaction buffer (e.g. 50 mM Hepes, 350 mM sodium chloride, 5 mM
calcium chioride, pH 6.0) and diluted fo obtain a profein concentration of 1 mg/ml. A 50-foid
molar excess of aminooxy-PSA reagent with a MW of 20 kD (described above) 18 added
followed by m-toluidine as a nucleophilic catalyst (10 mM final concentration) and NalG4
(final concentration: 400 ). The coupling reaction is performed for 2 howrs in the dark
under gentle shaking at room temperature. Subsequently, the reaction 1s quenched with
cysteine for 60 min at RT (cysteine concentration: 10 mM) and the conjugate s purified by
jon exchange chromatography. The PSA-interferon-alpha containing fractions of the eluate
are collected and subjected to UF/DF by use of a membrane made of regenerated celiulose
(Millipore). The preparation is analytically characterized by measuring total protein

(Bradford) and biological activity according to methods known in the art.
viethod 4:

1004377 Interferon-alpha is dissolved in or transferred to a reaction buffer (e.g. 50 mM
Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0} to get a final protein

concentraiion of 1.0 +/- 0.25 mg/mi. Then the pEl of the solution is corrected to 0.0 by drop

wise addition of 2 0.5 N aqueous HCI sclution,

(004381 Hubseguently, the aminooxy-polysialic acid (PSA-ONHZ) reagent is added in a
50-fold molar excess to this interferon-alpha solution within & maximum time period (1) of 15
minutes under gentle stirring. Then an agqueous m-toluidine solution (50 mM) is added
within 15 minutes to get a final concentration of 10 mM. Finally, a 40 mM agueocuns sodium

periodate solution is added to give a concentration of 400 pM,
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[00439] The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature
(T} of T= +22 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aqueous L-cysteine solution {1 M) to give a final concentration of 10 mM in the reaction
mixtare and incubation for 60 +/- 5 min.

[6344L]  The obtained interferon-alpha conjugate is purified by 1on-exchange
chromatography. The PSA-interfercn-alpha containing fractions of the eluate are coliected
and concentrated by ultra-/diafiltration (UF/DF) using a membrane made of regenerated

cellulose (Millipore).

[00441]  The conjugates prepared by use of this procedure are analytically characterized by
measuring total protein, biological activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content (vesorcinol assay).
HExample 27

Polveialviation of Interferon-gamma using aminooxy-PSA and m-toluidine as a nucleonhilic

catalyst
Method 12

[08442] 10 mg interferon-gamma is dissolved in 5 mi histidine buffer, pH 6.0 (20 mM L-
histidine, 150 mM NaCh. 100 ui of an agueous sodivm periodate solution (5 mM) is then
added and the reaction mixture is incubated for 1 h in the dark at 4°C under gentle sturing
and quenched for 15 min at room temperature by the addition of 50 ul of a I M aqueous
cysteine solution. The mixture is subsequently subjected to UF/DF employing Vivaspin [5R

10 kD centrifugal filtrators to remove excess periodate, quencher and the byproducts thereof.

[00443] The retentate (approx. 7 ml), containing oxidized interferon-gamma, is mixed with
2 ml of an agueous m-toluidine sofution (50 mM) and incubated for 30 min at room
temperature. Then aminooxy-PSA reagent with a MW of 20 kD (described above) is added
to give a 5-fold molar reagent excess. This mixture is incubated for 2.5 h ot R'T in the dark

under gentle stiring.

[00444] The free Interferon-gamima is removed by means of cation exchange
chromatography (CEC). The reaction mixture is diluted with 20 ml Buffer A (50 mM Hepes,
pH 6.5) and loaded onto a 20 ml HiPrep SPFF 16/10 colemn (GE Healthcare, Fairfield, CT)
pre-equilibrated with Buffer A. Then the column is eluted with Buffer B (50 mM Hepes, [ M

NaCl, pH 6.5). Free interferon-gamima is eluted by washing the colamn with 25 % Buffer B



and the conjugate at 50 % Buffer B, The conductivity of the conjugate confaining fractions is
subseguently raised to ~190 mS/em with Buffer O (50 mM Hepes, 5 M NaCl, pt! 6.9) and
loaded onto 2 20 ml HiPrep Butyl FF 16/10 colomu (GE Healtheare, Fairfield, CT) pre-
equilibrated with Buffer D (50 mM Hepes, 3 M MNaCl, pH 6.9). Free PSA-reagent is washec
out within 5 OV Buffer D, Subsequently, the conjugate is eluted with 100 % Buffer £ (50
mM Hepes, pH 6.9}, The conjugate containing fractions are concentrated by UF/DE using a
16 kD membrane made of regenerated cellulose (88 cm?, cut-off 10 kD, Miliipore). The
final diafiltration step is performed against histidine buffer, pH 6.9 containing 150 mi4 NaCl.
The preparation is analytically characterized by measuring total pretein (Bradford) and
biological activity according to metheds known in the art. For the PSA-Interferon-gamina
conjugate a specific activity of » 50 % in comparison to native Interferon-garmma is
determined. The conjugate is additionally analytically characterized by Size Exclusion
HPLL using a Agilent 1200 HPLL system eguipped with a Shodex KW 803 column under
conditions as previously described (Kolavich et al, Transfosion 2006:;46:1959-77).

skown that the preparation contains no free Inter feron gamma.
Method 2

TH445T 10 my interferon-gamma is dissolved in 8 ml histidine buffer, pH 6.0 (20 mM L-
histidine, 150 mM MNaCl). 200 uli of an agueous sodivm periodate solution (3 mM) and 2 ml
of an agueous m-tolaidine solution {50 M) are then added. Subsequently the aminooxy-
PSA reagent with a MW of 20 kD (described above) is added to give a 5-fold molar reagent
excess, The mixture is incubated for 2 b in the darl at room temperature under gentle stirring
and quenched for 15 min at room femperature by the addition of 100 pi of 1 M agueous

cysteine solotion.

[00446]  The free interferon gamma is removed by means of cation exchange
chromatography (CEC). The reaction mixture is diluted with 20 ml Buffer A (50 mM Hepes,
pH 6.5) and loaded onto 2 20 ml HiPrep SPFF 16/10 column (GE Healtheare, Fairfield, CT)
pre-equilibrated with Buffer A, Then the column is elufed with Buffer B (50 mM Hepes, I M
NaCl, pH 6.5). Iree interferon-gamuna is ehuted by washing the column with 25 % Butier B
and the conjugate at 50 % Buffer B. The conductivity of the conjugate containing fractions is
subsequently raised to ~190 mS/cm with Buffer C (50 mM Hepes, 5 M Nall, pH 6.9) and
loaded onto a 20 mi HiPrep Butyl FF 16/10 column (GE Healtheare, Fairfield, UT) pre-
equilibrated with Buffer D (50 mM Hepes, 3 M NaCl, pH 6.9). Free PSA-reagent is washed

out within 5 CV Buffer D, Subseguently, the conjugate is eluted with 100 % Buffer £ (50
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mM Hepes, pH 6.9}, The conjugate containing fractions are concentrated by UF/DF using a
10 kD membrane made of regenerated cellulose {88 cm?2, cut-off 10 kD / Millipore). The
final diafiltration step is performed against histidine buffer, pH 6.9 containing 150 mM NaCl.
The preparation is analytically characterized by measuring total protein (Bradford) and
biological activity according to methods known in the art. For the PSAinterferon-gamma
conjugalte a specific activity of > 50 % in comparison to native interferon-gamma is
determined. The conjugate is additionally analytically characterized by Size Exclusion
HPLC using a Agilent 1200 HPLC system equipped with a Shodex KW 803 column under
co_{}dit’ioné as previously described (Kolarich et al, Transfusion 2006;46:1959-77). Itis

shown that the preparation contains no free interferon-gamma.
Method 3:

(00447] 10 mg interferon-gamma is dissolved in 8 ml histidine buffer, pH 6.0 (20 mM L-
histidine, 150 mM MaCl). 200 ul of an agueous sodium periodate solution (5 mM) and 2 m]
of an aqueous m-toluidine solution (30 mM) are then added. Subsequently the aminooxy-
PSA reagent with 2 MW of 20 kD (described above) is added to give a 5-fold molar reagent
excess. The mixture is incubated for 2 hin the dark at room temperature under gentle stirring
ané’l quenched for 15 min at room (emperature by the addition of 100 pi of 1 M agueous

cysteine solufion,

[00448]  The free interferon gamma is removed by means of cation exchange
chromatography {CEC). The reaction mixture is diluted with 20 ml Buffer A {50 mM Hepes,
pH 6.5) and loaded onto a 20 ml HiPrep SPFF 16/10 column (GE Healtheare, Fairfield, CT)
pre-equilibrated with Buffer A, Then the column is eluted with Buffer B (50 mM Hepes, 1 M
NaCl, pH 6.5). Pree interferon-gamma is elufed by washing the column with 25 % Buffer B
and the conjugate at 50 % Buffer B, The conductivity of the conjugate containing fractions is
subsequently raised to ~190 mS/cm with Buffer € (50 mM Hepeé, 5 M NaCl, pH 6.9} and
loaded onto a 20 ml HiPrep Butyl FF 16/10 column (GE Healthcare, Fairfield, CT) pre-
equilibrated with Buffer D {50 mM Hepes, 3 M NaCl, pH 6.9). Free PSA-reagent is washed
out within 5 CV Buffer D. Subsequenily the conjugate is eluted with 100% Buffer E (50 mM
Hepes, pH 6.9). The conjugate containing fractions are concentrated by UF/DF using a 10
kD membrane made of regenerated cellulose (88 cm?2, cut-off 10 kD / Millipere). The final
diafiltration step is performed against histidine buffer, pH 6.9 containing 150 mM NaCl, The
preparation is analytically characterized by measuring total protein (Bradford) and biclogical

activity according to methods known in the art. For the PSAinterferon-gamma conjugate a
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specific activity of > 50 % in comparison to native interferon-gamma is determined. The
conjugate is additionally analvtically characterized by Size Exclusion HPLC using a Agilent
1200 HPLC systern equipped with a Shodex KW 803 column under conditions as previously
described (Kolarich et al, Transfusion 2006:46:1959-77). It is shown that the preparation

containg no free interferon-gamma.
Fethod 4:

100449]  Interferon-gamma is dissolved in or transferred to a reaction butfer (e.g. 50 mM
Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) to get a final protein
concentration of 1.0 4/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop

wise addition of a 0.5 N agueous HCI solution,

[B0450]1  Subsequently, the aminooxy-polysialic acid (PSA-ONH?2) reagent 1s added in a
50-fold molar excess to this interferon-gamma scolution within a maximum time p@fi‘;‘)d {t) of
15 minutes under gentle stirring. Then an aqueons m-tohuidine solufion (50 mM) 1s added
within 15 minuvtes to get a final concentration of 10 mM. Finally, a 40 mM agueous sodiam

pericdate solution is added to give a concentration of 400 pd.

[#045¥]  The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperatore
(T of T=+22 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an agueous L-cysteine solution {1 M) to give a final concentration of 10 mM in the reaction
mixture and incubation for 60 +/- 5 min.

(60452  The obtained interferon-gamma conjugate is porified by ion-exchange
chromatography. The PSA-interferon-gamima coniaining fractions of the c’:]ﬁii_a'.fe are collected
and concentrated by ultra-/diafiltration (UF/DF) using a membrane made of regenerated

cellulose (Millipore).

1004831 The conjugates prepared by use of this procedure are analytically characterized by
measuring total protein, biological activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
Exampie 28

Polysialviaton of G-USF using aminooxy-PSA and m-toluidine as a nucleophilic catalyst

[iethod 1

[00454] A starting concentration of granulocyte-colony stimulating factor (G-CSF) is

transfesred into a reaction buffer (e.g., 50 mM Hepes, 350 mM sodium chloride, 5 mM

- 142 -



calciurn chioride, pH 6.6) and diluted to obtain a protein concentration of 1 mg/ml. To this
solution, NalO4 is added to give a final concentration of 200 uM. The oxidation is carried at
RT for 30 min n the dark under gentle shaking. The reaction is then quenched with cysteine

(final concentration: 10 mM) for 60 min at RT.

{04551 The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the alternative, to an
IEX column with a volume of 20 ml (Merck EMD TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaC12, pH 7.0). The column is equilibrated with 5 CV
Buffer A, The oxidized G-C5F is eluted with Buffer B (20 mM Hepes, 5 mM CaCl2, 1 M
NaCi, pH 7.0). The G-CSF containing fractions are collected. The protein content is
determined (Coomassie, Bradford) and adjusted to 1 mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5 M HCL

(004561 A 50-fold molar excess of aminocoxy-PSA reagent with a MW of 20 kI (described
above) is added {ollowed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy reagent 1s removed by means of HIC, The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammmonium
acetate (50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chlonde, § M ammonium
acetate, pH 6.9) and loaded onto a column filled with 80 mi Phenyl Sepharose FF (GE
[ealtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.9, Subsequently, the conjugate is
cluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaClZ. Finally the PSA- G-CSF -
containing fractions are collected and subjected to UF/DF by use of a membrane made of
regenerated cellulose (Millipore). The preparation is next analytically characterized by
measuring total protein {Coomassie, Bradford) and biological activity according to methods

known in the art,

[O0B457]  in an altemative embodiment, Method 1 is carried out as follows. Granulocyte-
colony stimulating factor (G-CSF) is transfesred into a reaction buffer {e.g., 50 mM Hepes.
350 mM sodium chloride, 5 mM calcium chloride, pH 6.0} and diluted to obtain a protein
concentration of I mg/ml. To this solution, NalO4 is added to give a final concentration of
200 uM. The oxidation is carried at RT for 30 min in the dark-under gentle shaking. The

reaction 1s then quenched with cysteine {(final concentration: 10 mM) for 60 min at RT.



[00458]  The solution is next subjected to UF/I2E employing Vivaspin centrifugal filtrators
ta remove excess periodate, quencher and the byproducts thereof. A 50-fold molar excess of
ammincoxy-PSA reagent with a MW of 20 kD (described above) is added followed by m-
toluidine as a nucleophilic catalyst (final concentration: 10 mM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room temperature. The excess of
AMMINCOXY reagent 1s removed by means of ion exchange chromatography. The PSA-G-CSF
containing fractions of the eluate are cellected and subjected to UF/DF by use of a membrane
made of regenerated cellulese (Millipore). The preparation is next analytically characterized
by measuring total protein {Coomassie, Bradford) and biological activity according to

methods known in the art.
Method 2:

[0045%]  G-CSF is transferced or dissolved in reaction buffer (e.g. 50 mM Hepes, 350 mM
sodivm chioride, 5 mM calcium chloride, pH 6.0) to get a final protein concentration of 1.0
+- 0.25 mg/ml. Thesn the pt of the solution is corrected to 6.0 by drop wise addition of a 0.5
N agueous HC1 solution. Subsequently, a 40 mM aqueous sodium periodate solution is
added within 10 minutes to give a concentration of 200 uM, The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (T) of T=+22 +/- 2°C. Then the reaction is stopped by

give

oS

addition of an aguecus L-cysteme solutzon (1 M) within 15 minutes at T= +22 +/-2°C 1o

a final concentration of 10 mM in the reaction mixture and incobation for 60 +/- 5 min.

[60460]  The oxidized G-CSF is further purified by ion exchange chromatography. The
oxidized G-USF containing fractions of the eluate are collected and used for the conjugation

reaction.

(8046171 The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate contzﬁning the purified oxidized G-CSF within a maximum time period
(t) of 15 minutes under gentle stirring. Then an agqueous m-toluidine solution (50 mM} is
added within 15 minutes to get a final concentration of 10 mM, The reaction mixture is
incubated for 120 +/- 10 min. at pH 6.0 in the dark at a temperature (T) of T= +22 +/- 2°C

under gentle shalking {protein concentration: 1 mg/ml).

(004621 The obtained PSA-G-CSF comjngate is further purified by ion exchange
chromatography. The PSA-G-CSF conjugate containing {ractions are collected and
concentrated by uvlira-/diatiltration (UF/DE) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore),



[88463]  The conjugate prepared by use of this procedureis analytically characterized by
measuring total protein, biclogical activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay).
Method 3:

[00404]  Granulocyte-colony stimulating factor (G-CSH) is transferred into reaction buffer
(50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chioride, pH 6.0) and diluted to
obtain a protein concenfration of 1 mg/ml. A 50-foid molar excess of mﬁinooxyAPSA reagent
with a MW of 20 kD> (described above) is added followed by m-toluidine as a nucleophilic
catalyst (10 M final concentration) and NalO4 (final concentration: 400 uM). The coupling
reaction is periormed for 2 hours in the dark under gentle shaking at room temperature.
Subsequently, the reaction is quenched with cysteine for 60 min at RT (cysteine

concentration: 10 mM). Then the conductivity of the reaction mixture is adjusted by adding a

calcium chioride, 8 M ammonium acetate, pH 6.9) and loaded onto a column filled with
'Phenyi Sepharose FI (GE Healtheare, Fairfield, CT) pre-equilibrated with 30 mM Hepes, 2.5
M ammonium acetate, 350 mM sodiam chloride, 5 mM calcium chloride, (.01 % Tween 80,
pH 6.9, Subsequently the conjugate is eluted with 50 mM Hepes, 5 mM calcium chloride, pH
7.5. Finalty, the PSA-G-CSF -containing fractions are collected and subjected to UF/DF by
use of a membrane made of regenemted cellulose (Millipore). The preparation is analytically
characterized by measuring total protein (Bradford) and biological activity according to

methods known in the art.

[(0465]  In an alternative embodiment, Method 3 is carried out as follows. Granulocyte-
colony stimulating factor (G-CSF) is transferred into reaction buffer {e.g. 50 mM Hepes, 350
mM sodium chloride, 5 mM calcium chloride, pH 6.0) and diluted to obtain a protein
concentration of 1 mg/ml. A 50-fold molar excess of amincoxy-PSA reagent with a MW of
20 kD (described above) is added foﬂowecﬁ by m-toluidine as a nucleophilic catalyst (10 mM
final concentration) and NalO4 (final concentration: 400 pM). The coupling reaction is
pertormed for 2 hours in the dark under gentle shaking at room temperature. Subsequently,
the reaction is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM) and
the conjugate is purified by ion exchange chromatography. The PSA-G-CSF containing
fractions of the eluate are collected and subjected to UF/DF by nse of a membrane made of
regenerated cellulose (Millipore). The preparation 1s analytically characterized by measuring

total protein (Bradford) and biological activity according to methods known in the art.
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Method 4:

{Bides]  G-CSFis dissolved in or transferred to a reaction buffer (e.g. 50 mM Hepes, 350
mM sodium chloride, 5 mM calcium chloride, pH 6.0} to get a final protein concentration of
1O +/-0.25 mg/mi. Then the pH of the sclution is corrected to 6.0 by drop wise addition of a

0.5 N aqueous HCI solution.

[B80467]  Subsequently, the amincoxy-polysialic acid (PSA-ONHZ) reagent is added in a
50-fold molar excess fo this (-CSF solution within a maximum time period (t) of 15 minutes
vnder gentle stirring. Then an agueous m-toluidine solution (50 mM) 1s added within 15
minntes to get a final concentration of [0 mM. Finally, a 40 mM aqueous sodium periodate

solation is added to give a concentration of 400 M,

(004681  The reaction mixture is incubated for 120 +/- 10 min. in the dark atf a temperature
(1) of T= 422 +/- 2°C under gentle shaking. Then the reaction 1s stopped by the addition of
an agueous L-cysteine solution {1 M) to give a final concentration of 10 mM in the reaction

migture and incubation for 60 +/- 5 min.

[H046%]  The obtained G-CSF conjugate is purified by ion-exchange chromatography. The

PSA-G-CSF comtaining fractions of the eluate are collected and concentrated by ultra-

[diafiltration (UF/DF) using 2 membrane made of regenerated cellulose (Millipore).

664781 The conjugates prepared by use of this procedure are analvtically characterized by

measuring total protein, biclogical activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content {resorciniol assay).
Example 29

Polvsialvlation of Humira using aminooxv-PS A and m-tolidine as a nucleophilic catalyst

_M.@ihod i:

(004711 A starting concentration of Humira is transferred into a reaction buffer (e.g. 50
mbd Hepes, 350 mM sodium chioride, 5 mM calcium chioride, pH 6.0) and diluted to obtain
a protein concentration of 1 mg/ml. To this solution, Nal(G4 is added to give a final
concentration of 200 pM. The oxidation is carried at RT for 30 min in the dark under gentle
shaking. The reaction is then quenched with cysteine {final concentration: 10 mM) for 60

min at KT,

(034721 The sofution is next subjected to UF/DF employing Vivaspin centrifugal filtrators

to remove excess pericdate, guencher and the byproducts thereof or, in the altemative, to an
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TEZ column with a volume of 20 ml (Merck EMD TMAE (M)) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCl2, pH 7.0). The column is equilibrated with 5 CVY
Buifer A. The oxidized Humira is eluted with Buffer B {20 mM Hepes, 5 mM Ca(12, 1M
Na(’l, pti 7.0}, The Humira containing fractions are collected. The protein content is
determined (Coomassie, Bradford) and adjusted to | mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5M HCL

(004731 A 50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD {described
above) 1s added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of aminooxy reagent is removed by means of HIC. The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodiam chloride, 5 mM calcium chleride, 8 M ammonium
acetate, pH 6.9) and loaded onto a column filled with §0 mi Phenyl Sepharose FF (GE
Healthcare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chloride, 5 mM calcium chloride, pH 6.9, Subsequently the conjugate is
eluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2, Finally, the PSA-Humira
containing fractions are collected and subjected to UF/DF by vuse of a membrane made of
regenerated cellulose {(Millipore). The preparation is next analytically characterized by
measuring total protein (Coomassie, Bradford} and biological activity according to methods

known in the art.

34741 In an alternative embodiment, Method 1 is carried out as follows, Famira is
transferred into a reaction buffer (e.g. 50 mM Hepes, 350 mM sodium chloride, 5 mM
caleium chloride, pH 6.0) and diluted to obtain a protein concentration of 1 mg/ml. To this
solution, NalO4 is added to give a final concentration of 200 M. The oxidation is carried at
R'T for 30 min in the dark under gentle shaking. The reaction is then quenched with cysteine

(final concentration: 10 mM) for 60 min at RT.

(064751 "The solution is next subjected to UF/DF employing Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thercof. A 50-fold molar excess of
aminooxy-PSA reagent with a MW of 20 kD (described above) is added followed by m-
toluidine as a nucleophilic catalyst (final conceniration: 10 mM). The coupling reaction is
performed for 2 hours in the dark under gentle shaking at room temperatare, The excess of
aminooxy reagent is removed by means of jon exchange chromatographyThe PSA-Humira

containing fractions of the elutae are collected and subjected to UF/DF by use of a a
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membrane made of regenerated cellulose (Millipore). The preparation is next analytically
characterized by measuring total protein (Coomassie, Bradford) and biclogical activity

according to methods known in the art.
Method 2:

(80476]  Humira is transferred or dissolved in reaction bulfer (e.g. 50 mM Hepes, 350 mM
sodinm chioride, § mM calcium chloride, pH 6.0} to get a final protein concentration of 1.0
+f- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

0.5 N aqueous HCI solution. Subsequently, a 40 mM agueous sodiumn periodate solution is
added within 10 minutes to give a concentration of 200 uM. The oxidation reaction is carried
out for 30 4/- 5 min at a temperature (T) of T=+22 +/- 2°C. Then the reaction is stopped by
addition of an agueous L-cysteine solution (1 M) within 15 minuotes at T= 422 +/- 2°C to give

a final conecentration of 10 mM in the reaction mixture and incobation for 60 +/- 5 min.

(BR4T7 The oxidized Humira is further purified by ion exchange chromatography. The
oxidized Humira containing fractions of the eluate are collected and used for the conpugation

reaction.

604781 The amincoxy-polysialic acid (PSA-ONH2) reagent is added in a 50-fold molar
excess to the eluate containing the purified oxidized Humira within a maximum time period
() of 15 minutes under gentle stirring. Then an agueous m-teluidine solufion (50 mM) is
added within 15 minutes to gef a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. at pH 6.0 in the dark at a temperature (T) of T= +22 +/- 2°C

under gentle shaking {protein concentration: 1 mg/mi).

004791 The obtained PSA-Humira conjugate is further 'pu',rlﬂed by ion exchange
chromatography. The PSA-Humira conjugate containing fractions are collected and
concentrated by ultra-/diafiitration (UF/DF) using a membrane madé of regenerated celiulose
with an appropriate molecular weight cut off (Milliporey.

[604806] The conjugate prepared by use of this procedureis analytically characterized by
measuring total protein, biological activity, and determination of the polysialyation degree by

measuring the PSA content (resorcinol assay).



’Meﬁ;hoﬁ 3

[60481] Humira is transfan-ad into reaction buffer (50 mM Hepes, 350 mM sodium
chloride, 5 mM calcium chloride, pH 6.0) and diluted to obtain a protein concentration of |
mg/ml. A 50-fold molar excess of aminocoxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (10 mM final
concentration) and NalO4 (final concentration: 400 pM). The coupling reaction is performed
for 2 hours in the dark under gentie shaking at room temperatere. Subseguently, the reaction
is quenched with cysteine for 60 min at RT (cysteine concentration: 10 mM). Then the
conductivity of the reaction mixture 1s adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM calcium chloride, 8 M ammonium
acetate, pkl 6.9) and loaded onto a column filled with Phenyl Sepharose FF (GF Healtheare,
Fairfield, CT) pre-equilibraied with 50 mM Hepes, 2.5 M ammonium acetate, 350 mM
sodium chloride, 5 mM calcium chloride, 0.01 % Tween 80, pH 6.9. Subsequently the
conjugate is eluted with 50 mM Hepes, 5 mM calcium chioride, pH 7.5, Finally the PSA-
Hamira containing fractions are collected and subjected to UN/DE by use of a membrane
made of regenerated cellulose (Millipore). The preparation is analytically characterized by
measuring total protein (Bradford) and biclogical activity according to methods known in the
art.

1004821 In an alternative embodiment, Method 3 1s carried out as follows. Humira is |
transferred into reaction buffer (e.g. 50 mM Hepes, 350 mM sodium chloride, 5 mM calcium
chioride, pH 6.0) and diluted to obtain a protein concentration of | mg/ml. A 50-fold molar
excess of aminooxy-PSA reagent with a MW of 20 kD (described above) is added followed
by m-toluidine as a nucleophilic catalyst (10 mM final concentration) and NalO4 (final
concentration: 400 pM). The coupling reaction is performed for 2 hours in the dark under
gentle shaking at room temperature. Sabsequently, the reaction is quenched with cysteine for
60 min at RT {cysteine concentration: 10 mM) and the conjugate is purified by ion exchange
chromatography. The PSA-Humira containing fractions of the eluate are coliected and
subjected to UF/DF by use of a membrane made of regenerated cellulose (Millipore). The
preparation is analytically characterized by measuring total protein (Bradford) and biological

activity according to methods known in the art.
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Method 4:

{@{9483} Humira is dissolved in or transferred to a reaction buffer (e.g. 50 mM Hepes, 350
mM sodivm chloride, 5 mM calcium chloride, pH 6.0) to get a {inal protein concentration of
1.0 4/~ 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

(.5 N agqueous HCH solution.

004547 Subsequently, the aminooxy-polysialic acid (PSA-ONH2) reagent is added m a
50-fold molar excess fo this Homira sofution within a maximum tme period (0 of 15 minuvies
under gentle stirring. Then an aqueous m-toluidine solution (50 mM) is added within 15
mimutes to get a final concentration of 10 mM. Finally a 40 mM agueous sodium perfodate

solution 1s added to give a concentration of 400 pM.

[G0O4851  The reaction mixtore is incubated for 120 +/- 10 min. in the dark at a temperature
(TY of T= 422 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an aqueous L-cysteine solution (1 M) to give a final concentration of 10 mM in the reaction

mixiure and incubation for 60 +/- 3 min.

[00486)  The obtained Humira-conjugate is purified by ion-exchange chromatography. The

PSA- Humira containing fractions of the eluate are collected and concenirated by ulira-

Jdiafiltration (UF/DE) using o membrane made of regenerated cellulose (Millipore).

(504871 The conjugates prepared by use of this procedure are analytically characterized by

measuring total protein, biological activity according to methods known in the art, and

determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
Fxample 3

Polysialylation of Prolia using aminooxy-PSA and m-toluiding as a nucleophilic catalyst

Method 1:

(034881 A starting concentration of Proliais transferred into a reaction buifer (e.g. 50 mM
Hepes, 350 mM sodivm chloride, 5 miM calcium chioride, pH 6.0) and diluted to obtain a
protein concentration of 1 mg/ml. To this solution, MalO4 is added to give a final
concentration of 200 uM. The oxidation is carried at RT for 30 min in the dark under gentle
shalsing. The reaction is then quenched with cysteine (final concentration: 10 mMj for 60

rin at BT



{0489 The solution is next e’subjectéd to UI/DF emploving Vivaspin centrifugal filtrators
to remove excess periodate, quencher and the byproducts thereof or, in the aliernative, fo an
TEX column with 2 volume of 20 ml (Merck EMD TMAE (M) which is equilibrated with
Buffer A (20 mM Hepes, 5 mM CaCl2, pI1 7.0). The column is equilibrated with 5 CV
Buffer A, The oxidized Prolia is eluted with Buffer B (20 mM Hepes, 5 mM CaCl2, 1M
NaCl, pH 7.0). The Prolia containing fractions are collected. The protein content is
determined (Coomassie, Bradfordy and adjusted to 1 mg/ml with reaction buffer and adjusted

to pH 6.0 by dropwise addition of 0.5 M HCL

{44907 A 50-Told molar excess of aminooxy-PSA reagent with a MW of 20 kD (described
above) is added followed by m-toluidine as a nucleophilic catalyst (final concentration: 10
mM). The coupling reaction is performed for 2 hours in the dark under gentle shaking at
room temperature. The excess of amincoxy reagent is removed by means of HIC., The
conductivity of the reaction mixture is adjusted by adding a buffer containing ammonium
acetate (50 mM Hepes, 350 mM sodium chloride, 5 mM caleium chloride, 8 M ammonium
acetate, pH 6.9) and loaded onto a column filled with 80 ml Phenyl Sepharose FF (GE
Healtheare, Fairfield, CT) pre-equilibrated with 50 mM Hepes, 2.5 M ammonium acetate,
350 mM sodium chloride, 5 mM calcivm chloride, pH 6.9, Subsequently the conjugate is
cluted with 50 mM Hepes buffer pH 7.5 containing 5 mM CaCl2. Finally, the PSA-Prolia
containing fractions are collected and subjected to UF/DF by use of 2 a membrane made of
regenerated cellulose (Millipore). The preparation i3 next analytically characterized by
measuring fotal protein (Coomassie, Bradford) and biological activity according to methods

known in the art,

004911 In an alternative embodiment, Methéd 1 is carried out as fellows. 10 mg Prolia is
dissolved in § ml histidine buffer, pH 6.0 (20 mM L-histidine, 150 mM NaCl), 100 ul of an
agueous sodium periodate solution (5 mM) is then added and the reaction mixture is
incabated for 1 h in the dark at 4°C under gentle stirring and quenched for 15 min at room
temperature by the addition of 50 pl of 2 1 M agueous cysteine solution. The mixture is
subsequently subjected to UF/DEF employing Vivaspin 15R 10 kD centifugal filirators to

remove excess periodate, quencher and the byproducts thereof,

-151 -



(464921 The retentate (approx. 7 mi), containing oxidized Prolia, 1s mixed with 2 m} of an
aqueous m-toluidine solution (50 mM) and incubated for 30 min at room terpperatare. Then
arminooxy-PSA reagent with a MW of 20 ki (described above) is added to give a 5-fold
molar reagent excess. This mixture is incubated for 2.5 h at R in the dark under gentle

stirring,

(604931 The free Prolia is removed by means of cation exchange ¢ hromatography (CEC)
The reaction mixture is diluted with 20 ml Buffer A (50 mM Hepes, pH 6.5) and loaded onto
a 20 ml HiPrep SPEE 16/10 coluran (GE Healthcare, Fairfield, C'1) pre-equilibrated with
Buffer A, Then the column is elnted with Buffer B (50 mM Hepes, 1 M Na(l, pH 6.5). Free
Prolia is eluted by washing the column with 25 % Buffer 13 and the conjugate at 50 % Bufter
B. The conductivity of the conjugaie containing fractions is subsequently raised to ~190
S ern with Buffer C (50 mM Hepes, 5 M NaCl, pH 6.9) and Toaded onio a 20 mi HiPrep
Butyl FF 16/10 column (GE Healtheare, Fairfield, C) pre-equilibrated with Buffer D (50
mM Hepes, 3 M NaCl, pt 6.9). Free PSA-reagent is washed out within 5 CV Buffer D,
conjugate containing fractions are concentrated by UF/DF using a 16 kD membrane made of
regenerated cellulose (88 cm?, cut-off 10 kD, Millipore). The final diafiliration step is
performed against histidine buffer, pH 6.9 confaining 150 mM MNaCl. The preparation is
analytically characterized by measuring total protein (Bradford) and biological activity
according to methods known in the art. For the PSA-Prolia conjugate a specific activity of
> 50 % in comparison to native Proliz is determined. The conjugate 15 additionally
analytically characterized by Size Bxclusion HPLC using a Agilent 1200 HPLC system
squipped with a Shodex KW 803 columm under conditions as previously described (Kolarich

et 2} Transfusion 2006:46:1959-77). Itis shown that the preparation contains no free Prolia.
Wiethod 2:

(004941  Prolia is transferred or dissolved in reaction butfer (e.g. 50 mM Hepes, 350 mM
sodium chloride, 5 mM calcium chloride, pH 6.0) to get a final protein concentration of 1.0
+/-0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

0.5 M agueous HCI selution. Subsequently, a 40 mM agueous sodium periodate solution is
added within 10 minutes fo give a concentration of 200 M. The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (T) of T= 422 +/- 2°C. Then the reaction is stopped by
addition of an agueous L-cysteing solution (1 M) within 15 minutes at T 422 /- 2°C to give

4 Final concentration of 10 mM in the reaction raixiure and incubation for 60 +/- 5 min.
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[60495)  The oxidized Prolia is further pusified by ion exchange chromatography. The
oxidized Prolia containing fractions of the eluate are collected and used for the conjugation

reaction.

(60496]  The aminooxy-polysialic acid (PSA-ONH2) reagent is added in a 50-foid molar
excess to the eluate containing the purified oxidized Prolia within a maximum time period {t)
of 15 minutes under gentle stiring. Then an agquecus m-toluidine solution (50 mM) is added
within 15 minuates to get a final concenfration of 10 mM. The reaction mixture is incubated
for 120 +/- 10 min. at pH 6.0 in the dark at a temperatare (T) of T= 422 +/- 2°C under gentle

shaking (protein concentration: 1 mg/ml).

[88457]  'The obtained Prolia conjugate 1s further purified by ion exchange
chromatography. The Prolia conjugate containing fractions are collected and concentrated by
ultra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose with an

appropriate molecular weight cut off (Millipore).

(634981  The conjugate prepared by use of this procedureis analytically characterized by
measuring total protein, biological activity, and defermination of the polysialyation degree by

measuring the PSA content (resorcinol assay),
Method 3:

[0064991  Prolia is transferred into reaction buffer (50 mM Hepes, 350 mM sodium chloride,
3 M calcium chloride, pI 6.0) and diluted to obtain a protein concentration of 1 mg/mil. A
50-fold molar excess of aminooxy-PSA reagent with a MW of 20 kD (described above) is
added followed by m-teluidine as a nucleophilic catalyst (10 mM final concentfation) atud
Mal(d, {final concentrati@ﬁ: 400 pM}. The coupling reaction is performed for 2 hours in the
dark under gentie shaking at room temperature. Subsequently, the reaction is gouenched with
cysteine for 60 min at RT {cysteine concentration: 10 mM). Then the conductivity of the
reaction mixture is adjusted by adding a buffer containing ammonium acetate (30 mM Hepes,
350 mM sodium chioride, 5 mM caleium chloride, 8 M ammonium acetate, pH 6.9) and
loaded onto a column filled with Phenyl Sepharose P (GE Healtheare, Fairfield, CT) pre-

- equilibrated with 50 mM Hepes, 2.5 M ammonium acetate, 350 mM sodium chloride, 5 mM
calcium cileride, 0.01 % Tween 80, pH 6.9, Subsequently the conjugate is eluted with

50 mM Hepes, 5 mM calcium chloride, pH 7.5, Finally the PSA Prolia -containing fractions

are collected and subjected to UF/DT by use of a mermbrane made of regenerated cellulose
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{Millipore). The preparation s analytically characterized by measuring total protein

(Bradford) and biological activity according to methods known in the art.

[O0500]  In an alternative embodiment, Method 3 is carried out as follows. 10 mg Prolia is
dissolved in 8 mi histidine buffer, pH 6.0 (20 mM L-histidine, 150 mM NaCl). 200 pi of an
agueous sodium periodate solution (5 mM) and 2 ml of an aqueous m-toluidine solution (50
mM) are then added. Subsequently the aminooxy-PSA reagent with 2 MW of 20 kD
(described above) is added to give a 5 fold molar reagent excess, The mixture 15 incubaled
for 2 hin the dark at room temperature under gentle stirring and guenched for 15 min at room

temperature by the addition of 100 pl of I M agueous cysteine solution,

I050611  The free Prolia is removed by means of cation exchange chromatography ({EC).
The reaction mixture is diluted with 20 mi Buffer A (50 mM Hepes, pt 6.5) and loaded onto
20 mi HiPrep SPFF 16/10 column (GE Healtheare, Pairfield, CT) pre-equilibrated with
Buffer A. Then the column is eluted with Buffer B (50 mM Hepes, 1 M NaCi, pH 6.5). Free
Prolia is eluted by washing the column with 25 % Buffer B and the conjugate at 5 0% Buffer
B. The conductivity of the conjugate containing fractions is subsequently raised to ~190
mS/em with Buffer C (50 mM Hepes, 5 M NaCl, pH 6.9) and loaded onto a 20 ml Hilrep

.....

mM Hepes, 3 M NaCl, pH 6.9). Free PSA-reagent is washed cut within 5 CV Buffer D
Subsequently the conjugate is eluted with 100% Buffer B (50 mM Hepes, pH 6.9). The
conjugate containing fractions are concentrated by UF/DF vsing a 10 kD membrane made of
regenerated cellulose (88 em”, cut-off 10 kD / Millipore). The final diafiltration step is
performed against histidine buffer, pH 6.9 containing 150 mM NaCl. The preparation is
analytically characterized by measuring total protein (Bradford) and biological activity
according to methods known in the art, For the PSA-Prolia conjugate a specific activity of >
50 % in comparison to native Prolia is determined. The conjugate is additionally apalytically
characterized by Size Exclusion HPLC using a Agilent 1200 HPLC systern equipped with a

5

Shodex KW 803 column under conditions as previously described (Holanch et al,

Transfusion 2006;40:1959-77). 1t is shown that the preparation contains no free Prolia,



Method 4:

(005621 Proliais dissolved in or transferred to a reaction buffer (e.g. 50 mM Hepes, 350
mM sodiem chloride, 5 mM calcium chloride, pH 6.0) to get a final protein concentration of
1.0 +/- 025 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a

0.5 N agueous HCI solution.

(065031 Subseqguently the aminooxy-polysialic acid (PSA-ONH,) reagent is added in a 50-
fold molar excess to this Prolia - solution within a maximum time period () of 15 minutes
under gentle stirring. Then an aqueouns m-toluidine sclution (50 mM) is added within 15
minutes o get a final concentration of 10 mM. Finally a 40 mM aquecus sodium periodate

solution is added to give a concenfration of 400 uM.

18050341 The reaction mixture is incubated for 120 +/- 10 min. in the dark at a temperature
(1) of T= +22 +/- 2°C under gentle shaking. Then the reaction is stopped by the addition of
an agueous L-cysteine solution (1 M) to give a {inal concentration of 10 mM in the reaction

mixtore and incubation for 60 +/- 5 min.

FG05851  The obtained Prolia conjugate is purified by ion-exchange chromatography. The

PSA- Prolia containing fractions of the eluate are coliected and concentrated by ultra- /

diafiltration (UF/DF) using a membrane made of regencrated cellulose (Millipore).

[605061  The conjugates prepared by use of this procedure are analytically characterized by

measuring total protein, biclogical activity according to methods known n the art, and

determination of the polysialyation degree by measuring the PSA content (resorcinol assay).
HErampie 31

Polvsialvlation of other therapeutic proteins

[005G7]  Polysialylation reactions performed in the presence of alternative nucleophilic
catatysts like m-toluidine or o-aminobenzoic acid as described herein may be extended to
other therapeutic proteins. For example, in various aspects of the invention, the above
polysialylation or PECGylation reactions as described herein with PSA amincoxy or PEG
aminoeoxy reagents is repeated with thempﬁutic: proteins such as those proteins described

herein.



Example 32

PEGvlation of EPO using an aminooxv-PEG reagent and m-toluidine as a nucleonhilic

catalvst
Miethod 1:

(005081 Erythropoietin (EPO) is PEGylated by use of a linear 20 kDD PEGylation reagent
containing an aminooxy group. An example of this type of reagent is the Sunbright ® CA
series from NOF (MOF Corp., Tokyo, Japan). EPO is dissolved in 7.0 ml histidine buffer, pH
6.0 (20 mM L-histidine, 150 mM NaCl, 5 mM Ca{l2). An agueous sodium periodate
solution (5 mM)} is then added and the 1‘{;3(:&011 mixture is incabated for 1 h in the dark at 4°C
under gentle stirring and quenched for 15 min at room temperature by the addition of 7.5 il
of a 1 M aqueous cysteine solution. The mixture is subsequently subjecied to UF/DF
employing Yivaspin cenfrifugal filtrators to remove excess periodate, quencher and the

byproducts thereot,

[O0549]  The retentate containing oxidized EPO is next mixed with an aqueous m-toluidine
solution {50 mM) and incubated for 30 min al room temperature. aminooxy-PEG reagent
with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This mixture is

incubated for 2.5 h at room icmperature in the dark under gentle stirring,

[30510]  Finally, the PEG-EPO conjugate 18 purified by ion-exchange chromatography {e.g.
on @ Sepharose FF). For example, 1.5 mg protein/ml gel is loaded on the column
equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM Cal’ly, The conjugate is
ehuted with 50 mM Hepes butfer containing 5 mi CaCly and 500 mM s;odiuiﬁ chloride, pH
7.4 and is then subjected to UF/DF using an appropriate MW cutoff membrane, The
preparation is next analytically characterized by measuring total protein (Coomassie,
Bradford) and biological activity according to methods known in the art,

(035111 In an alternative embodiment, Method 1 is carried out as follows. EPO is
PEGylated by use of a linear 20 kDD PEGylation reagent containing an aminooxy group., An

example of this type of reagent 1s the Sunbright ® CA serles from NOF (NOF Corp., Tokyo,
m MaCl), 100 pl of an aqueous sodium periodate solution (5 mW) 1s then added and the

reaction mixture is incubated for 1 hiin the dark at 4°C under gentle sturing and quenched for

15 min at room temperature by the addition of 50 il of a | M agueous cysteine solution. The

-156-



mixture is subsequently subjected to UF/DF employing Vivaspin 15R 10 kD centrifugal

filtrators to remove excess periodate, quencher and the byproducts thereof,

[80532]  The retentate {approx. 7 ml}, containing oxidized BEPQ, is mixed with 2 ml of an
aqueous m-toluidine solution (50 mM) and incubated for 30 min at room temperature. Then
aminooxy-PEG reagent with a MW of 20 kD (described above) is added to give a 5-fold
molar reagent excess. This mixture is mcubated for 2.5 h at BT in the dark under gentle

stirring.

[B0513]  Finally, the PEG-EPO conjugate is purified by ion-exchange chromategraphy on
() Sepharose FF. The reaction mixture is diluted with 20 ml Buffer A (50 mM Hepes, pH
7.5% and leaded onto a 20 ml HiPrep QFF 16/10 column (GE Healtheare, Fairfield, CT) pre-
equilibrated with Buffer A. Then the column 18 eluted with Buffer B (50 mM Hepes, T M
Na(l, pH 7.5). Free BEPQ is eluted by washing the column with 25 % Buffer B and the
conjugate at 50 % Buffer B. The conjugate containing fractions are concentrated by UF/DF
using a 10 kD mernbrane made of regenerated cellulose (88 cm?, cut-off 10 kD / Millipore).
The final diafiltration step is performed against histidine buffer, pH 7.2 containing 130 mM
NaCl. The preparation is analytically characterized by measuring total protein (Bradford)
and biclogical activity biological activity according to methods known in the art.. For the
PEG-EPO conjugate a specific activity of > 50 % in comparison to native EPC is determined.
The conjugate s additionally analytically characterized by Size Exclusion HPLC using a
Agilent 1200 HPLC systemn equipped with a Shodex KW 803 column under conditions as
previously described (Kolarich et al, Transfusion 2006:46:1959-77). It is shown that the

preparation contains no free EPQ.
Method 2:

[00514] EPQ is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aprinooxy group. An exarnple of this type of reagent is the Sunbright ® CA series from NOF

(NGF Corp., Tokyo, Japan).

[00515]  EPO is transferred or dissolved in reaction buffer (e.g. 50 mM Hepes, 350 mM
sodium chloride, 5 mM calcium chloride, pt 6.0) to get a Ginal protein concentration of 1.0
4+~ .25 mg/ml, Then the pH of the solution is corrected 10 6.0 by drop wise addition of a

0.5 N agueous HCI solufion. Subsaquenﬂy a 40 mM aquecus sodium periodate solution is
added within 10 minutes to give a concentration of 200 uM. The oxidation reaction is carried

out for 30 -+/- 5 min at a temperatare (1) of T=+22 +/- 2°C. Then the reaction is stopped by
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addition of an aguecus L-cysteine solution (1 M) within 15 minutes at T= +22 +/- 2°C to give

a final conceniration of 10 mM in the reaction mixtare and incubation for 60 +/~ 5 min.

[008161  The oxidized EPG is further purified by ion exchange chromatography. The
oxidized BPO containing fractions of the elvate are collected and used for the conjugation

reaction,

(805171 The amincoxy-PEG reagent with a MW of 20 k2 reagent is added in a 50-fold
molar excess fo the eluate containing the purified oxidized EP() within a maximum time
pexiod (t) of 15 minutes under gentle stirring. Then an agueous m-toluidine solution (50 mM)
is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture 1§
incubated for 120 +/- 10 min. in the dark at a temperature (T} of T=+22 +/- 2°C under genile
shaking.

T60518]  The obtained PEG- EPO conjugate is further purified by ion exchange
chromatography. The PEG-EPO conjugate containing fractions are collected and
concentrated by ultra-/diafilration (UF/DF) using.a membrane made of regenerated celinlose

with an appropriate molecular weight cut off (Millipore).

ING5197  The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according to methods known in the art.
Miethod 3¢

(005201 BEPO is PEGylated by use of a linear 20 kb PHEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
{NOF Corp., Tokyo, Japan). EPO is dissolved in Hepes buffer (50 mM Hepes, 150 mM
sodinm chloride, 5 mM calcium chloride, pH 6.0) and mixed with an aqueous sodium
periodate solution (10 mM), and an agueous m-toluidine solution (30 mM}. Subsequently,
the aminooxy reagent 1s added to give a 20-fold molar reagent excess. The mixture is
incubated for 2 h in the dark at room temperatare under gentie stirring and quenched for 15

min at room temperature by the addition of § pl of agueons cysteine solution (1 M),

(005211 Finally, the PEG-EPO conjugate is purified by ion-exchange chromatography on
( Sepharose FF. 1.5 mg protein/ml gel is loaded on the column pre equilibrated with 50 mM
Hepes buffer, pHl 7.4 containing 5 mM CaCl2. The conjugate is eluted with 50 mM Hepes
buffer containing 5 mM CaCl2 and 500 mM sodiun: chloyide, pH 7.4 and is then subjected to
UF/DF using 2 membrane. The preparation 1s analytically characterized by measuring fotal

protein (Bradford) and biological activity according to methods known in the art.
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[G0522]  In an alternative embodiment, Method 3 is carried out as follows., EPO is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NGF Corp., Tokyo,
Japan). 10 mg EPO is dissolved in ~8 ml histidine buffer, pH 6.0 (20 mM L-histidine, 150
mM NaCly. 200 pl of an aqueous sodium periodate solution (5 mM) and 2 ml of an agueous
m-toluidine solution (50 mM) are then added. Subsequently, the aminooxy-PEG reagent with
a MW of 20 kDD (described above) is added to give a 5-fold molar reagent excess, The
mixture is incubated for 2 h in the dark at room temperature under gentle stirring and
¢uenched for 15 mun at room ternperature by the addition of 100 pl of 1 M agueous cysteine

sotution.

[G0523]  Finally, the PEG-EPO conjugate is purified by ion-exchange chromatography on
Q Sepharose FF. The reaction mixture is diluted with 20 mi Buffer A (50 mM Hepes, pH
7.5) and loaded onto a 20 ml HiPrep QFF 16/10 column (GE Healthcare, Fairfield, CT) pre-
equilibrated with Buffer A. Then the column is eluted with Buffer B (50 mM Hepes, 1 M
MNaCl, pH 7.5). Free EPO is eluted by washing the column with 25 % Buffer B and the
conjugate at 50 % Buffer B. The conjugate containing fractions are concentrated by UF/DE
using a 10 kD membrane made of regenerated cellulose (88 cm2, cut-off 10 kD / Millipore).
"The final diafiltration step is performed against histidine buffer, pH 7.2 containing 150 mM
NaCl. The preparation is analytically characterized by measuring total protein (Bradford)
and biological activity according to methods known in the art. For the PEG-EPO conjugate a
specific activity of > 50 % in comparison to native EPG is determined. The conjugate is
additionally anéiy%.ica]}_y characterized by Size Exclusion HPLC using a Agilent 1200 HPLC
system equipped with a Shodex KW 803 colamn under conditions as previously. described
(Kolarich et ai, Transfusion 2006;46:1959.77), 1t is shown that the preparation contains no

free EP(
Wiethod 4:

[06524]  EPO is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). An intital concentration or weight of EPO is transferred or
dissolved in Hepes buffer {50 mM Hepes, 150 mM sodium chioride, 5 mM calcium chloride,
pH 6.0) to get a final protein concentration of 2 mg EPO/ ml. Subsequently an 5 mM
aqueous sodium periodate solution is added within 13 minutes to give a final concentration of

100 uM, followed by addition of an 50 mM agueous m-toluidine solution to get 2 final
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coneentration of 10 mM within a time period of 30 minutes. Then the aminooxy-PEG
reagent with a MW of 20 kI (described above) is added to give a 20-fold molar reagent
excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of a | M agueous L-cysteine solution to give a final concentration of 10 mM.

(05251 The PEG-EPO conjugate is purified by means of jon exchange chromatography
(IEC), The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 kD membrane made of regenerated cellulose (88 cm®, cut-off 10 kD / Mil liporey. The

final diafiltration step is performed aga'iﬂ_st Hepes buffer (50 mM Hepes, 5 mM Ca(Cl,, pH

7.5).

[06526]  The preparation is analytically characterized by measuring total protein (Bradford
and BCA procedure) and biolegical activity according 1o known methods,

,.%

Fxampie 33

Phlviation of Ane-7 using an aminooxy-PEG reagent and mi-toluddine as a nucleonhilic

catalvst

Method 12

[6B527F  Ang-2 is PEGyiated by use of a tinear 20 kDD PEGylation reageni containing an
aminooxy group., An example of this type of reagent s the Sunbright ® CA series from NOP
(NOF Corp., Tekyo, Japan}), Ang-2 is dissolved 1n 7.0 ml hlstldlm buffer, pH 6.0 (20mb L-
histidine, 150 mM MNa(ll, 5 mM CalllZ}. An agueous sodium periodate solution {5 mh) is
then added and the reaction mixture is incubated for 1t in the dark at 4°C under m,fjc
stirring and quenched for 15 min at room temperature by the addition of 7.5 ulof a | M
aqueous cysteine solution. The mixture is subsequently subjected to UF/DF employving
Vivaspin centrifugal filtrators to remove excess periodate, quencher and the byproducts
thereof.

(#5281 The retentate containing oxidized Ang-2 is next mixed with an agueons m-
totuidine solution (50 mM) and incubated for 30 min at room temperature, Arminooxy-PEG
reagent with a MW ot 20 kD is then added (o give a 5-fold molar reagent excess, This

mixture 1s incubated for 2.5 b at room temperature in the dark under gentle stirting.
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[B0528]  Finally, the PEG-Ang-2 conjugate is purified by ion-exchange chromatography
(e.g. on Q Sepharose FE). For example, 1.5 mg protein/ml gel is loaded on the column
equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM CaCl2. The conjugate is
eluted with 50 mM Hepes buffer containing 5 mM CaCl2 and 500 mM sodium chloride, pH
7.4 and is then subjected to UF/DF using an appropriate MW cutoff membrane. The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

[B0530]  In an alternative embodiment, Method 1 is carried out as follows. Ang-2 is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo.
Japan). Ang-2 is dissolved in 7.0 ml histidine baffer, pH 6.0 (20mM L-histidine, 150 mM
Nalll, 5 mM CaC12). An aqueous sodium periodate solution (5 mM) is then added and the
reaction mixture 1s incubated for 1 h in the dark at 4°C under gentie stiiring and quenched for
15 min at reom temperature by the addition of 7.5 pl of a | M aqueous cysteine solution, The
mixture is subsequently subjected to UF/DF employing Vivaspin centrifugal filtrators to

remove excess periodate, quencher and the byproducts thereof.

[305331]  The retentate containing oxidized Ang-2 is next mixed with an agueous m-
toluidine solution (50 mM) and incubated for 30 min at room temperature. Aminooxy-PEG
reagent with a MW of 20 kI is then added to give a 5-fold molar reagent excess. This

mixture is mcubated for 2.5 h at room temperature in the dark under gentle stirring.

[B9532]  Tinally, the PEG- Ang-2 conjugate is purified by ion-exchange chromatography.
The conjugate containing fraction of the eluate are collected and then subiected to UR/DF
using an appropriate MW cutoff membrane. The preparation is next an alytic:aﬂy.
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to methods known in the ari.
Method Z:
[O0833]  Ang-2 is PHGylated by use of a linear 20 kD PEGylation reagent containing an

aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF

(NOF Corp., Tokyo, Japan).

305341 Ang-2 is transferred or dissolved in reaction buffer (e.g. 50mM Hepes, 350mM
sodium chicride, 5mM calcium chloride, pH 6.0) to get a final protein concentration of 1.0

+/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop wise addition of a
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0.5N aqueous HCI solution. Subsequently a 40 mM aqueous sodium petiodate solution is
added within 10 minutes to give a concentration of 200 uM. The oxidation reaction is carried
out for 30 +/- 5 min at a temperature (T) of T=+22 +/- 2°C. Then the reaction is stopped by
addition of an aqueous L-cysteine solution (I M} within 15 minutes at T=+22 +/- 2°C to give

a final concentration of 10 mM in the reaction mixture and incubation for 60 +/- 5 min.

(86535 The oxidized Ang-2 is further purified by ion exchange chromatography. The
oxidized Ang-2 containing fractions of the eluate are collected and used for the conjugation

reaction.

[005361  The aminooxy-FEG reagent with a MW of 20 kiD reagent 1s added in a 50-fold
molar excess to the eluate containing the purified oxidized Ang-2 within a maximum thne
period (t) of 15 minuies under gentle stirming. Then an aqueous m-foluidine solation (50 mM)
15 added within 15 minutes {o get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a temperature (1) of T= +22 /- 2°C under genile

shaking.

FRHE37] The obtained PEG- Ang-2 conjugate is tfurther purified by ion exchange
chromatography. The PEG-Ang-2 conjugate containing fractions are collected and
concenirated by ultra- / diafiltration (UF/DE) using a membrane made of regenerated

cellulose with an appropriate molecular weight cut off (Millipore}.

(05381 The coningate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according to methods known in the art.
Method 3:

(038387 Ang-2 is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan), Ang-2 is dissolved in Hepes buffer (50 mM Hepes, 150 mM.
sodium chioride, 5 mM calcium chloride, pH 6.0) and mixed with an agqueons sedium
periodate solution (10 mM), and an aqueous m-fohudine solution (50 mM). Subsequently the
aminooxy reagent is added to give a 20-fold molar reagent excess. The mixture is incubared
for 2 hin the dark at room termperature under gentle stirring and guenched for 15 min at roem

temperature by the addition of 8 pl of agquecus cysteine solution (1 M),

[065487]  Finally, the PEG- Ang-2 conjugate is purified by ion-exchange chromatography
on {Q Sepharose FF. 1.5 mg protein/ml gel 18 loaded on the column pre equilibrated with 50

mii Hepes buffer, pH 7.4 containing 5 mM CaCi2. The conjugate is eluted with 50 mM
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Hepes buffer containing 5 oM CaCl2 and 500 mM sodium chioride, pH 7.4 and is then
subjected to UF/DE using a membrane. The preparation is analytically characterized by
measuring total protein {Bradford) and biological activity according to methods known in the

art.

[00541]  In an alternative embodiment, Method 3 is carried out as follows, Ang-2is
PRylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
Japan}. Ang-Z is dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, 5 mM
calcium chloride, pH 6.0} and mixed with an aqueous sodinm periodate solution (10 mM),
and an aqueous m-toleidine solution (50 mM). Subsequently the aminocoxy reagent is added
to give a 20-fold molar reagent excess. The mixture is incubated for 2 h in the dack at room
temperature under gentle stirring and quenched for 15 min at reom ternperature by the

addition of 8 pl of agueous cysteine solution (I M).

(005421  Finally the PEG-Ang-2 conjugate is putified by ion-exchange chromatography
The conjugatecontaing freactions of the eluate are collected and then subjected to UF/DFE.,
The preparation is analytically characterized by measuring total protein (Bradford) and

biclogical activity according to methods known in the art,
Miethod 4;

[00543]1  Ang-21s PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). An intital concentration or weight of Ang-2 is transferred or
disseclved in Hepes buffer (50 mM Hepes, 150 mM sodium chioride, 5 mM calciom chloride,
pll 6.0) to get a final protein concentration of 2 mg Ang-2 / ml. Subsequently an 5 mM
aqueous sodium periodate solution is added within 15 minutes to give a final concentration of
100 M, followed by addition of an 50 mM agueous m-toluidine solution to get a final
concentration of 10 mM within a time period of 30 minutes. Then the amincoxy-PEG
reagent with a MW of 20 kDD (described above) is added to give a 20- fold molar reagent
excess, After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
iemperature under gentle siirring and quenched for 15 min at room femperature by the

addition of an 1 M aqueous L-cysteine solution to give a final concentration of 10 mM.
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(065441 The PEG-Ang-2 conjugate is purified by means of ion exchange chromatography
{IEC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 kD membrane made of regenerated cellulose (88 cm, cut-off 10 kD / Millipore). The

tinal diafiltration step is performed agamst Hepes buffer (50 mM Hepes, 5 mM CaCl2, pH
7.5).

(805451 The preparation is analytically characterized by measuring fotal protein (Bradford

and BCA procedure) and biological activity according to known methods..

160546]  Subsequently, the free Ang-2 is removed by means of ion exchange
chromatography (IEC). The conjugate containing fractions of the eluate are concentrated by

UF/OF.
Example 34

PEOviation of VEGE using an aminooxy-PEC reasent and m-tolnidine as a nucleophilic

Bipthod 1

1065471 VEGY is PEGylated by use of a linear 20 k¥ PEGyvlation reagent containing an
amminooxy group, An exatnple of this type of reagent is the Sunbright ® CA series from NOF
(MNO¥F Corp., Tokyo, Japan). VEGF 15 dissolved 1n 7.0 mi histidine boffer, pH 6.0 20mM L-
histidine, 150 mM Nall, 5 mM CaClZ). An agueocus sodium periodate solution (5 mM) is
then added and the reaction mixture 15 incubated for | b in the dark at 4°C under gentle
stirring and quenched for 15 min at room temperature by the addition of 7.5 plofa I M
aqueous cysteine solution. The mixture 18 subsequently subjected to UF/DF employing
Vivaspin centrifugal filtrators to remove excess periadate, quencher and the byproducts

thereof,

T005481  The retentate containing oxidized VEGF is next mixed with ap agueous m-
tolnidine solution (50 mbd) and incubated for 30 min at room temperature. Arminooxy-PEG
reagent with a MW of 20 kD 1s then added to give a 3-7old molar reagent excess. This
mixture is incubated for 2.5 h at room ternperature in the dark under gentle stirring.

(605491 Finally, the PEG- VEGE conjugate is purified by ion-exchange chromatography
(e.g., on (3 Sepharcse FE), For example, 1.5 mg protein/ml gel is loaded on the column
equilibrated with 50 mM Hepes buffer, pii 7.4 containing 5 mM CaCl2, The conjugate is

eluted with 30 mM Hepes buffer containing 5 mM CaCl2 and 500 mM sodiurn chioride, pH
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7.4 and is then subjected to UF/DF using an appropriate MW cutoffmembrane. The
preparation is next analytically characterized by measuring total protein (Coornassie,

Bradford) and biological activity according to methods known in the at,

FB05501  In an alternative embodiment, Method 1 is carried out as follows. VEGE is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
Japan). VEGF is dissolved in 7.0 ml histidine buffer, pH 6.0 (20mM L-histidine, 150 mM
NaCl 5 mM CaCl2). An agueous sodivm periodate solution (5 mM) is then added and the
reaction mixture is incubated for 1 hin the dark at 4°C under gentle stiring and quenched for
15 min at room temperature by the addition of 7.5 ul of a | M aqueous cysteine solution. The
mixture is subsequentiy subjected to UF/DF employing Vivaspin centrifugal filtrators to

remove excess periodate, quencher and the byproducts thereof,

[00553]  The retentate containing oxidized VEGF is next mixed with an aqueous m-
tolutdine solution (50 mM) and incubated for 30 min at room temperature. Aminooxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This

ixture is incubated for 2.5 h at room temperature in the dark under gentle stirring.

[00552]  Finally, the PEG- VEGF conjugate is purified by ion-exchange chromatography
‘The conjugate containg fractions of the eluate are collected and then subjected to UF/DF
using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to methods knewn in the art, -
Meihod 22

[60553]  VECGF is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An exampie of this type of reagent is the Sunbright @ CA series from NOF
{NOF Corp., Tokyo, Japan) VEGF is transferred or dissolved in reaction buffer (e.g. 50 mM
Hepes, 350 mM sodium chloride, 5 mM caleium chloride, pH 6.0) 1o get a final protein
concentration of 1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop
wise addition of a 0.5 N aqueous HCl solution. Subsequently, a 40 mM aqueous sodium
periodate solufion is added within 10 minutes to give & concentration of 200 M. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (T) of T= +22 +/- 2°C,

Then the reaction is stopped by addition of an aqueous L-cysteine solution {1 M) within 15
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minutes at T= +22 +/- 2°C to give a final concentration of 10 mM in the reaction mixtare and

incubation for 60 +/- 5 min.

(005541 The oxidized VEGH is further purified by ion exchange chromatography. The
oxidized VEGF containing fractions of the eluate are collected and used for the conjugation

reaction.

[B0555] The aminooxy-PEG reagent with a MW of 20 kiD reagent is added in a 50-fold
molar excess to the eluate containing the purified oxidized VEGHF within a maximum {ime
period (1) of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution (50 mM)
is added within 15 minutes to get a final concentration of 10 mM. The reaction mixiure 18
incubated for 120 +/- 10 min. in the dark at a temperature (1) of T +22 +/- 2°C under gentle

shaking,

[B0556]  The obtained PEG-VEGE conjugate is further purified by ion exchange
chromatography. The PEG-VEGF conjugate containing fractions are coliected and
concentrated by uitra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).

[GGSST] The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biclogical activity according to methods known in the art.
Method 3:

[R0558]  VEGE is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan}, VEGF is dissolved in Hepes buffer (50 mM Hepes, 150 mM
sodivrn chioride, 5 mM calcium chioride, pH 6.0) and mixed with an agueous sodiom
periodate solution (10 mM), and an aguecus m-foluidine solution (50 mM). Subsequenily,
the amincoxy reagent is added to give a 20-fold molar reagent excess. The mixture is
incubated for 2 h in the dark at room temperature undes gentle stirring and quenched for 13

min at room temperature by the addition of 8 ul of aqueous cysteine solution (1 M),

[G0559]  Finally, the PEG- VEGF conjugate is purified by ion-exchange chromatography
on (3 Sepharose FI. 1.5 mg protein/ml gel is loaded on the column pre equilibrated with 50
mM Hepes buffer, pH 7.4 containing 5 mM C‘ECQ The conjugate 15 eluted with 50 mM
Hepes buffer containing 5 mM CaCl2 and 500 m‘v{ sodinm chioride, pH 7.4 and is then

subjected to UF/DF using a membrane, The preparation is an alyt cally characterized by
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measuring total protein {Bradford) and biological activity according fo methods known in the

art.

[B0568]  In an alternative embodiment, Method 3 is carried out as follows. VEGE is
PEGylated by use of & linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
Japan). VEGE is dissolved in Hepes butfer (50 mM Hepes, 130 mM sodium chioride, 5 mM
calcium chloride, pH 0.0) and mixed with an agueous sodium periodate solution (10 mM),
and an aqueous m-toluidine solution (50 mM). Subsequently, the aminooxy reagent is added
to give a 20-fold molar reagent excess, The mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of § pl of agqueous cysteine solution (1 M).

005611 Finally, the PEG-VEGF conjugate is purified by ion-exchange chromatography.
The conjugate conjugate {ractions of the eluate are collected and then subjected to UF/DF.
The preparation is analytically characterized by measuring total protein (Bradford) and

biological activity according to methods known in the art.
Method 42

[06562]  VEGFE 1s PEGylated by use of a linear 20 kb PEGylation reagent containing an
aminooxy group, An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, fapan), An intital concentration or weight of VEGE is trransferred or
dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, 5 mM calcinm chioride,
pH 6.0) to get a final protein concentration of 2 mg VEGE / ml. Subsequently, an 5 mM
aqueous sodivm periodate solution is added wi,ﬂﬁn 15 minutes {o give a final concentration of
L0G pM, followed by addition of an 50 mM agueous m-tolaidine solution to get a final
concentration of 10 mM within a time period of 30 minuvies. Then the aminooxy-PEG
reagent with a MW of 20 kD (described above) is added to give a 20-fold molar reagent
excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stiring and quenched for 15 min at room temperature by the

addition of an 1 M aqueous L-cysteine solution to give a final concentration of 10 mM.
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[G0563] The PEG-VEGF conjugate is purified by means of ion exchange chromatography
(IFC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 kDD membrane made of regenerated cellulose (88 cm?2, cut-off 10 kD / Millipore), The
final diafiltration step is performed against Hepes buffer (50 mM Hepes, 5 mM CaCl2, pH
7.5).

[00564]  The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biclogical activity according to known methods.
Hrample 35

Fiovlation of PO using an amimeoxy-PEG reapent and m-tcluidine as a nucleophilic

catalvst
Method 1:

[00565]  BGF is PEGylated by use of a tinear 20 kD> PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japany. EGEF is disscived in 7.0 ml histidine buffer, pH 6.0 20mM 1L-
histidine, 156 mM Na(l, 5 mM CaCl2). An squeons sodium periodate solution {5 mM) is
then added and the reaction mixture is incubated for 1 h i the dark at 4°C under gentle
stirring and guenched for 15 min at room temperaturs by the addition of 75 ulofa 1l M
aquecus cysteine sclution. The mixture is subsequently subjected to UF/DE emploving
Vivaspin centrifugal filtrators to remove excess periodate, quencher and the byproducts

thereof.

(605667  The retentate containing oxidized EGE is next mixed with an aqueous m-totuidine
solution (30 mM) and incobated for 30 min at room temperature. Aminooxy-PEG reagent
with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This mixture is

incubated for 2.5 h at room femperature in the dark under gentle stirring.

(605671 Finally, the PEG-EGF conjugate is purified by 1on-exchan ge chromatography
(e.g., on Q Sepharose FF), For example, 1.5 mg protein/ml gel is loaded on the column
equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM CalliZ, The conjugate is
sluted with 50 mM Hepes buffer containing 5 mM Call12 and 560 mM sodivm chloride, pH
7.4 and is then subjected to UF/DF using an appropriate MW citoff membrane, The
preparation 1s next analyticaily characterized by measuring total protein {Coomassie,

Bradford) and bioclogical activity according to methods known in the art.
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[60568]  In an alternative embodiment, Method 1 is carried out as follows. EGF is
PEGylated by use of a linear 20 kDD PEGylation reagent containing an aminooxy group. An
exampie of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
fapan). EGF is dissolved in 7.0 mi histidine buffer, pH 6.0 (20mM L-histidine, 150 mM
MNa(l, 5 mM CaCl2). An agueous sodium periodate solution {5 mM) is then added and the
reaction mixture is incubated for 1 b in the dark at 4°C under gentle stirring and gquenched for
15 pun af room temperature by the addition of 7.5 ul of a 1 M agueous cysteine solution. The
mixture is subsequently subjected to UR/DE employing Vivaspin centrifugal filtrators to

remove excess periodate, quencher and the byproducts thereof,

[0056%]  The retentate containing oxidized EGF is next mixed with an aqueons m-toluidine
sofution (50 mM) and incubated for 30 min at room temperature. Aminooxy-PEQ reagent
with a MW of 20 kI is then added to give a 5-fold molar reagent excess. This mixture is

incubated for 2.5 h at room temperature in the dark under gentle stirring.

(605701 Finally, the PEG-EGE conjugate is purified by ion-exchange chromatography.
The conjugate coniatng {ractions of the eluate are collected and then subjected to UF/DE
using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to methods known in the art.
Method 2:

[B0571]  BGEis PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Cérp., Tokyo, Japan), BGE is transferred or dissolved in reaction buffer (e.g. 50 mM
Hepes, 350 mM sodium chioride, 5 mM caleium chloride, pH 6.0} to get a final protein
conceniration of 1.0 4/~ 0.25 mg/mi. Then the pH of the solution is corrected to 6.0 by drop
wise addition of 2 0.5 N agueous HCI solution. Subsequently, a 40 mM agusous sodiam
periodate solution is added within 10 minutes to give a concentration of 200 uM. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (T} of T= +22 +/- 2°C.
Then the reaction is stopped by addition of an aqueous L-cysteine solution (1 M) within 15
minutes at T=+22 +/~ 2°C to give a final concentration of 10 mM in the reaction mixture and

incubation for 60 +/- 5 mun.
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{55721 The oxidized BGF is further purified by jon exchange chromatography. The
oxidized EGE containing fractions of the sluate are collected and used for the conjugation

reaction.

[G0573]  The amincoxy-PEG reagent with a MW of 20 kD reagent is added in a 50-fold
molar excess o the eluate confaining the purified oxidized NGF within a maximum time
period () of 15 minutes under gentle stiming. Then an aqueous m-toluidine solution (50 mM)
is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a temperature (1) of T=+22 +/- 2°C under gentle
shalking.

[B0574]  The obtained PEG- EGF conjugate is further purified by ion exchange
chromatography. The PEG-EGF conjugate containing fractions are collected and
concentrated by altra- / diafiltration (UF/DF) using a membrane made of regenerated

cellulose with an appropriate molecular weight cut off (Millipore).

[0G575]  The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according fo methods known in the art.
Method 30

{B0E76]  EGEis PREGylated by use of 2 Hinear 20 kD PEGylation reagent containing an
amineoxy group. An example of this type of reagent is the Sunbright ® CA series from MNOF
(NOF Corp., Tokyo, Japan). EGE is dissolved in Hepes buffer (530 mM Hepes, 150 mM
sediwm chleride, 5 mM calcium chloride, pH 6.0) and mixed with an aqueous sodium
periodate solution (10 md), and an agueous m-toluidine solution (50 mM). Subsequently the
aminooxy reagent is added to 'give a 20-fold molar reagent excess. The mixture is incubated
for 2 h in the dark at room temperature under gentle stirring and guenched for 15 min at rcom

temperature by the addition of 8 pl of agueous cysteine solution {1 M),

[BB57TY  Finally, the PEG-EGFE conjugate is purified by ion—exchaﬁge chromatography on
Q-Sepharose FF, 1.5 mg protein/mi gel is loaded on the column pre equitibrated with 50 mM
Hepes buifer, pH 7.4 containing 5 mM CaCl2. The conjugate is ehuted with 50 mM Hepes
buffer containing 5 mM CaClZ and 500 mM sodium chloride, pH 7.4 and is then subjected o
UF/DF using a membrane, The preparation 1s analytically characterized by measuring total

protein (Bradford) and biological activity according to methods known in the art,

[BGE78]  In an alternative embodiment, Method 3 is carried out as follows. BOF s

PEGyiated by use of a linear 20 kD PEGylation reagent containing an aminooxy group, A
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example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
Japan). EGF is dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, 5 mM
calcium chioride, pH 6.0} and mixed with an agueous sodiumn periodate solution (10 mM),
and an aqueous m-foluidine solution (50 mM). Subsequently the aminooxy reagent is added
o give a 20-fold molar reagent excess, The mixture is incubated for 2 b in the dark at room
temperature under gentle stirring and guenched for 15 min at room temperature by the

addition of 8 ul of aqueous cysfeine solution {1 M),

(005791 Binally, the PEG-EGF conjugate is purified by ion-exchange chromatography.
"The conjugate containing fractions of the eluate are collected and then subjected to UF/DF,
The preparation is analytically characterized by measuring total protein (Bradford) and

biological activity according to methods known in the art.
Method 40

[B8530] EGE is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan), An intital concentration or weight of BGF is transferred or
dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chioride, 5 mM calcium chioride,
pEL6.0) (o get a final protein concentration of 2 mg EGF / ml. Subsequently an 5 mM
agueous sodium periodate solution is added within 15 minutes to give a final concentration of
100 uM, foliowed by addition of an 50 mM aqueous m-toluidine solution to gat a final
concentration of 10 mM within a time period of 30 minutes, Then the aminooxy-PEG
reagent with a MW of 20 ki (described above) is added to give a 20-fold molar reagent
excess, Alier correction of the pH to 6.0 the mixture is incubated for 2 b in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the
addition of an 1 M agueous L-cysteine solution to give a final concentration of 10 mM.
[#6581]  The PEG-EGF conjugate is purified by means of ion exchange chromatography
(IEC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 KD membrane made of regenerated cellulose (88 cm?2, cut-off 10 kD / Millipore), The
final diafiltration step is performed against Hepes butfer (50 mM Hepes, 5 mM CaC12, pH
7.5).

[00582]  The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biological activity according to known methods.
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Fxample 36

PEGylation of NGF using an amincoxy-PEG reagent and m-toluidine as a nucleophilic

Wiethod 1:

[B0583]  NGF is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NGE
(NOF Corp., Tokyo, Japan). NGF is dissolved in 7.0 ml histidine buffer, pH 6.0 (20mM L-
histidine, 150 mM NaCl, 5 mM CaCli2). An aqueocus sodium periedate sotution (5 mM) is
then added and the reaction mixture is incubated for 1 h in the dark ai 4°C under gentle
stirring and guenched for 15 min at room temperature by the addition of 7.5 ulofa 1 M
aqueons cysteine sotution, The mixture is subsequently subjected to UF/DF employing
Vivaspin centrifugal filtrators to remove excess periodate, guencher and the byproducts
thereof.

(005841 The retentate containing oxidized NGF is next mixed with an agueous m-totuidine
solution (50 mM) and incubated for 30 min at room temperature. Aminooxy-PEG reagent
with a MW of 20 kD is then added fo give a 5-fold molar reagent excess. This mixtare 1s

incubated for 2.5 h at reom temperature in the dark under gentle stirring.

(005851 Fnally, the PEG-NGF conjugate is purified by ion-exchange chromatography

=]

(e.z., on {-Sepharose FF). For example, 1.5 mg protein/mi gel is Joaded on the column
equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 M CaClIl. The conjugate Is
eluted with 30 mM Hepes buffer contaiming 5 mM Call2 and 500 mM sodium chloride, pii
7.4 and is then suhjected to UF/DF using an appropriate MW cutoff membrane. The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

1805861 In an alternative embodiment, Method 1 is carried out as follows. NOGF 1s
PEGylated by use of a linear 20 kD PEGylation reagent containing an amincoxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOGF Corp., Tokyo,
Japan), NOF is dissolved in 7.0 ml histidine buffer, pH 6.0 (20mM L-histidine, 130 mM
NaCl, 5 mM CaCl2). An agueous sodium periodate solution (5 mM) is then added and the
reaction mixture is incubated for 1 hin the dark at 4°C under gentle stirting and guenched for

15 min at room temperature by the addition of 7.5 pl of a 1 M aguecus cysteine solution. The
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mixture is subsequently subjected to UF/DF employing Vivaspin centrifugal filtrators to

remove excess periodate, quencher and the byproducts thereof.

[00S587] The retentate containing oxidized NGF is next mixed with an agueous m-toluidine
solution (50 mM) and incubated for 30 min at roorn temperature. Aminooxy-PEG reagent
with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This mixture is

incubated for 2.5 I at room temperature m the dark under gentle strring,

[G05881  Finally, the PEG-NGF conjugate is purified by ion-exchange chromatography
(The conjugate containing fractions of the eluate are collected and then subjected to UF/DF
using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring total protein (Coormassie, Bradford) and biclogical activity

according to methods known in the art.
Method 2:

(005897 NG is PEGylated by nse of a linear 20 kI PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(MOF Corp., Tokyo, Japan). NGF is transferred or dissolved in reaction buffer (e.g. 50 mM
Hepes, 350 mM sodium chloride, 5 mM calcium chloride, pH 6.0) to get a final protein
concentration of 1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop
wise addition of a 0.5N aqueous HCI solution. Subsequently a 40 mM aqueous sodium.
periodate solution is added within 10 minutes fo give a concentration of 200 pM. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (T) of T= +22 4/~ Z°(.,
Then the reaction is stopped by addition of an agqueous L-cysteine solution (1 M) within
15.1.’11‘1?1141‘{6‘.3 at T= 422 +/- 2°C to give a final concentration of 10 mM in the reaction mixture

and incubation for 60 +/- 5 min.

[B35%01  The oxidized NGF is further purified by ion exchange chrmﬁaiography The
oxidized NGF containing fractions of the eluate are collected and used for the conjugation

reaction.

(805911 The aminooxy-PEG reagent with a MW of 20 kD reagent is added in a 50-fold
molar excess to the eluate containing the purified oxidized NGF within a maximum time
period (t) of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution (50 mM)
is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a tempefa:tm*e (1) of T= +22 +/- 2°C under gentle

shaking.



[00592]  The obtained PEG- NGF conjugate is further purilied by ion exchange
chromatography. The PEG-NGF conjugate containing fractions are collected and
concentrated by ultra-/diafiltration (UF/DF) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).

(65831 The conjugate prepared by use of this procedure are analytically characterized by

measuring tofal protein and biological activity according to methods known in the art.
Method 3:

(005847  NGF is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group, An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). NGF is dissolved in Hepes buffer (50 mM Hepes, 150 mM
sodium chloride, 5 mM caleium chloride, pH 6.0) and mixed with ap agqueous sodium
periodate solution (10 mM), and an aqueous m-toluidine solution (50 mM). Subsequently the
aminooxy reagent is added w give a 20-fold molar reagent excess. The mixture 1s incubated
for 2 h in the dark at room temperature under gentle stiming and quenched for 15 min af room

temperature by the addition of 8 pl of agueous cysteine solution (1 M).

(135951 Finally, the PEG-NGF conjugate is purified by ion-exchange chromatography on
Q Sepharose FF. 1.5 mg protein/ml gel is loaded on the column pre equilibrated with 50 mM
Hlepes buffer, pH 7.4 containing 5 mM CaCl2, The conjugate is efnted with 50 mM Hepes
buffer containing 5 mM CaCl2 and 500 mM sodium chloride, pH 7.4 and is then subjected to
UF/DT using a membrane. The preparation is analytically characterized by measuring total

protein (Bradford) and biological activity according to methods known in the art.

[60596]  In an alternative embodiment, Method 3 s carried out as follows. NGF is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright & CA series from NOF (NOF Corp., Tokyo,
Japan). NGF is dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chioride, 5 mM
caleium chioride, pH 6.0) and mixed with an agueous sodium periodate solution (10 iy,
and an agueous m-toluidine solution (50 mM). Subsequently the aminooxy reagent is added
to give a 20-fold molar reagent excess. The mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of 8 ui of aqueous cysteine solution (1 M},



(005971 Finally, the PEG-NGF conjugate is purified by lon-exchange chromatography.
The conjugate containg fractions are collected and then subjected to UF/DF. The preparation
is analytically characterized by measuring total protein (Bradford; and biological activity

according to methods known in the art.
Method 4:

[O0598] NGFis PEGylated by use of a linear 20 kD PEGylation reagent containing an
amninocxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOY Corp., r[‘eﬁkyo, Japan). An intital concentration or weight of MGF is transferred or
digsoived in Hepes buffer (30 mM Hepes, 150 mM sodium chloride, 5 mM calcivm chloride,
pH 6.0} to get a final protein concentration of 2 mg NGF/ml. Subsequently an 5 mM
aqueous sodium periodate sotution is added within 15 minutes to give a final concentration of
100 pM, foliowed by addition of an 50 mM aqueous m-toluidine solution to get a final
concentration of 10 mM within a time period of 30 minutes. Then the aminooxy-PEG
reagent with a MW of 20 kD (described above) is added to give a 20- fold molar reagent
excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 13 min at room temperature by the

addition of an 1 M agueous L-cysteine solution to give a final concentration of 10 mM.

[B059%1  The PEG- NGF conjugate is purified by means of ion exchange chromatography
(IFC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
16 kD membrane made of regenerated cellulose (88 em2, cut-off 10 kD / Millipore). The
final diafiltration step is performed against Hepes buffer (50 mM Hepes, 3 mM CaCl2, pH
7.5).

L

[00608] The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biological activity according to known methods.
Exampie 37

PECviation of HGH using an aminooxv-PEG reagent and m-toluidine as a nucleophilic

catal vt
Method 1:

[00681]  As described herein, the amino acid sequence of hnman growth hormone (HGH)
is first modified to incorporate at least one glycosylation site. Following purification, HGH 15

glycosviated in vitro according to methods known in the art,



[90602]  HOH is PEGylated by use of a linear 20 kDD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(MOF Corp., Tokvo, Japan). HGH is dissolved in 7.0 ml histidine butfer, pH 6.0 (20mM L-
histidine, 150 mM NaCl 53 mM CaCli2). An aqueous sodium periodate solution (5 mM} is
then added and the reaction mixture is incubated for 1 h in the dark at 4°C under gentle
stirring and quenched for 15 min at room temperature by the addition of 7.5 i ofa 1 M
aqueous cysteine solution. The mixture is subsequently subjected to UF/DY employing
Vivaspin centrifugal filtrators to remove excess periodate, quencher and the byproducts

thereof.

[G0603]  The retentate contzining oxidized HOGH is next mixed with an agueous m-toluidine
solution (30 mMD and incubated for 30 min at room temperature. Aminooxy-PEG reagent
with a MW of 20 kI3 is then added to give a 5-fold molar reagent excess. This mixture is

incubated for 2.5 h at room temperature in the dark under gentle stirming.

[D8604]  Finally, the PEG- HOH conjugate is purified by ion-exchange chromatography
{e.g., on ) Sepharose FF), For exarple, 1.5 mg protein/ml gel is loaded on the column
equitibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM Cal’l2. The conjugate 1
etuted with 50 mM Hepes buffer containing § mM CaClZ and 500 mM sodium chloride, pH
7.4 and is then subjected to UF/DF using an appropriate MW cutoff membrane. The
preparation is next analytically characterized by measuring total protein {Coomassie,

Hradford) and biological activity according to methods known in the art,

(906851 In n alternative embodiment, Method 1 is carried outas follows. As described
herein, the amino acid sequence of human growth hormone (HGH) is first modified to
incorporate at least one glycosylation site. Following purification, HGH is glycosylated in

vitro according to methods known in the art,

[00606]  HGH is PEGylated by use of a linear 20 k1 PEGylation reagent containing an
amninooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(MOF Corp., Tokyo, Japan}. HGH is dissolved in 7.0 ml histidine bufler, pHl 6.0 (20mM L-
histidine, 150 mi NaCl, 5 mM CaCl2). An agueous sodium periodate solution {3 mM) is
then added and the reaction mixture is incubated for 1 h in the dark at 4°C u.nde;'.‘__geﬁth’:
stirring and quenched for 5 min at room temperature by the addition of 7.5 utof a [ M

aqueous cysteine solution. The mixture is subsequently subjected to UR/DF employing
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Vivaspin centrifugal filtrators to remove excess periodate, quencher and the byproducts

thereof.

[0060G7]  The retentate containing oxidized HGE is next mixed with an agueous m-toluidine
solution (50 mM) and incubated for 30 min af room temperature. Amincoxy-PEG reagent
with a MW of 20 kD 15 then added to give a 5-fold molar reagent excess. This mixture is

incubated for 2.5 h at room femperature i the dark under gentle stirring

[0608]  Finally, the PEG-HGH conjugate is pusified by ion-exchange chromatography
{The conjugate containg fractions of the elvate are collected and then subjected to UF/DF
using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to metheds knewn in the art.
Method 2:

[BG60%]  As described herein, the amino acid sequence of human growth hormone (HGH)
is {irst modified to incorporate at least one glycosylation site. Vollowing purification, HGH is

glycosylated in vitro according to methods known in the art.

[B061¢] HGHis PEGylated by use of a linear 20 kD PEGylation reagent containing an
amincoxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). HGH is transferred or dissolved in reaction buffer {e.g, 50mM
Hepes, 350mM sodium chlonde, SmM calclum chloride, pH 6.0) fo get a final protein
concentration of 1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop
wise addition of a 0.5N agueous HCT selution. Subseguently, a 40 mM aqueous sodium
periodate solution is added within 10 minutes to give a concentration of 200 uM. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (T) of T= +22 +/- 2°C.
Then the reaction is stopped by addition of an aqueous L-cysteine solution (1 M) within 15
minutes at T=+22 +/ 2°C to give a final concentration of 10 mM in the reaction mixture and
incubation for 60 +/- 5 min.

[0611]  The oxidized HGH is further purified by ion exchange chromatography. The
oxidized HGH containing fractions of the eluate are collected and used for the conjugation
reaction.

HB61%]  The aminooxy-PEG reagent with a MW of 20 kD reagent is added in a 50-fold
molar excess to the eluate containing the punified oxidized HGH within a2 maximum time

period (1) of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution (50 mM)
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is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a temperature (T) of T= 422 +/- 2°C under gentle
shaking.

[00613]  The obtained PEG- HGH conjugate is further purified by fon exchange
chromatography, The PEG-NGF conjugate containing fractions are collected and
concentrated by uitra- / diafiltration (UF/DF) using a membrane made of regenerated

cellulose with an appropriate molecular weight cut off (Millipore).

1666147 The conjugate prepared by use of this procedure are analytically characterized by

measuring foial protein and biological activity according to methods known in the art.
Method 3:

[B0615]  As described herein, the amino acid sequence of human growth hormone (HGH)
i first modified to incorporate at least one glycosylation site. Following purification, HGH is

glycosyiated in vitro according to methods known in the art.

[00s16] HGH is PEGylated by use of a linear 20 kD> PEGviation reagent containing an
aminooxy groud, An exariple of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). HOH is disselved i Hepes buffer (50 mM Hepes, 150 mM
sodivm chloride, 5 mM calcivm chloride, pH 6.0) and mixed with an agueous sodivum
periodate solution (10 mM}, and an aqueous m-tolaidine solution (50 mM). Subsequently the
aminooxy reagent is added to give a 20-fold molar reagent excess, The mixture is incubated
for 2 hin the dark at room temperature under gentle stirring and quenched for 15 min at room

temperatare by the addition of 8 ul of agueous cysteine solution {1 M),

G617 Fnally, the PEG-HGH conjugate is purified by ion-exchange chromatography on
(J-Sepharose F¥. 1.5 mg protein/ml gel is Joaded on the column pre equilibrated with 50 mM
Hepes huffer, pH 7.4 containing 5 mM CaClZ. The conjugate is efuted with 50 mM Hepes
buffer containing 5 mM CaCl2 and 500 mM sodium chloride, pH 7.4 and is then subjected to
UT/DF using a membrane. The preparation is analytically characterized by measuring total

protein (Bradford) and biological activity according to methods known in the art.,

(606181 In an alternative embodiment, Method 3 is carried out as follows. As described
herein, the amino acid sequence of human growth hormone {M1GH) 15 first modified to
incorporate at least one glycosylation site. Following purification, HGH is glyeosylated in
vitro according to methods known in the art. HGH 1s PEGylated by use of a linear 20 kD

PEGylation reagent confaining an aminooxy group. An example of this type of reagent is the
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Sunbright ® CA series from NOF (NOF Corp., Tokyo, Japan). HGH is dissolved in Hepes
buffer (50 mM Hepes, 150 mM sodiam chleride, 5 mM calcium chloride, pH 6.0) and mixed
with an aqueouns sodjum periodate solution (10 mM), and an agueous m-toluidine solution (50
mM). Subsequently the aminocoxy reagent 1s added to give a 20-fold molar reagent excess.
The mixture Is incubated for 2 h in the dark at room temperature under gentle stirring and
quenched for 15 min at room temperatore by the addition of 8 pl of agueous cysteine solution

{1 M).

[6061%]  Finally, the PHG-HGH conjugate is purified by jon-exchange chiomatography.
The conjugate containg {ractions are collected and then subjected to UF/DF. The preparation
is analytically characterized by measuring total protein (Bradford) and biological activity

according to methods known in the art.
Method 4:

[00620]  Asdescribed herein, the amine acid sequence of human growth hormone (HGH)
1s first modified to incorporate at least one glycosylation site. Following purification, HGH is

glycosylated in vitro according to methods known in the art.

[00621] HGH 1s PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). An intital concentration or weight of HGH is transferred or
dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chioride, 5 mM calcium chloride,
pH 6.0} to get a final protein concentration of Z mg HGH / ml. Subsequently an 5 mM
aquecus sedinm periodate selution is added within 15 minvtes to g,‘we.a final concentration of
100 M, followed by addition of an 50 mM aqueous m-toluidine solution to get a final
concentration of 10 mM within a time period of 30 minutes, Then the aminooxy-FEG
reagent with a MW of 20 kD (described above) is added to give a 20-fold molar reagent
excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
ternperature under gentle stirring and quenched for 15 min at room temperature by the

addition of a I M agueous L-cysteine solution to give a final concentration of 10 mM.

[30622] The PEG - HGH conjugate Is purified by means of ion exchange chromatography
(IEC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 kD membrane made of regenerated celinlose (88 cm?, cut-off 10 kD / Millipore). The
final diafiltration step is perf:orm_éd against Hepes buffer (50 mM Hepes, 5 mM CaCl2, pil
7.5).
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[00623]  The preparation is analytically characterized by measuring total protein (Brad(ord

and BCA procedure) and biological activity according to known methods,
Example 38

PEGviation of TINF-aipha using an aminooxy-PEG reagent and m-tolwidine as a nucleophilic

Iiethod 1.

(06624]  TNF-alpha is PEGylated by use of a linear 20 kD PECGylation reagent containing
an aminooxy group. An example of this type of reagent is the Sunbright ® CA series from
NOF (NGE Corp., Tokyo, Japan), TNF-alpha is dissolved in 7.0 mi histidine buffer, pH 6.0
(20mM L-histidine, 150 mM NaCl, 5 mM CaClI2), An agueous sodium periodate sclution (5
m) 1s then added and the reaction mixture is incubated for 1 I in the dark at 4°C under
gentle stivring and quenched for 15 min at room temperature by the addition of 7.5 ulof a |
M aqueous cysteine solution. The mixture is subsequently subjected to UF/DF employing
Vivaspin centrifugal filtrators to remove excess periodate, guencher and the byproduets

thereof,

[60625]  The retentate containing oxidized TNF-alpha is next mixed with an aqueous m-
toluidine solution (50 mM) and incubated for 30 min af room temperature. Aminooxy-PHEG
reagent with a MW of 20 kI is then added to give a 5-fold molar reagent excess, This

pixtore is incubated for 2.5 h at room temperature in the dark vnder geatle stirring.

(006267  Finally, the PEG-TMNE-alpha conjugate is purified by ion-exchange
chromatography (e.g., on Q-Sepharose FE). For example, 1.5 mg protein/m! gel is loaded on
the column equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM CaCl2, The
conjugate s eluted with 50 mM Hepes buffer cortaining 5 mM CaCl2 and 500 mM sodium
chloride, pH 7.4 and is then subjected to UTYDE using an appropriate MW cutoff membrane.
The preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

(006271 Inan alternative embodiment, Method 1 is carried out as follows. TNF-alpha is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tolkyo,
fapan). TNF-alpha s dissolved in 7.0 ml histidine boffer, pH 6.0 (20mM L-histidine, 150
mM NaCl, 5 mM CaCl2). An egueous sodium periodate solution {5 miv) 1s then added and

the reaction mixture is incubated for 1 h in the dark at 4°C under gentle stirring and quenched
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for 15 rnin at room temperature by the addition of 7.5 pl of a 1 M aqueous cysteine solution,
‘The mixture is subsequently subjected to UF/DF employing Vivaspin centrifugal filtrators to

remove excess periodate, quencher and the byproducts thereof.

[08628] The retentate containing oxidized TNF-alpha is next mixed with an agueous m-
toluidine solution (50 mM) and incubated for 30 min at room temperature, Aminooxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This

mixture is incubated for 2.5 h at room temperature in the dark under gentle stirring,

1006291 Finally, the PEG-TNF-alpha conjugate is purified by ion-exchange
chromatography. The conjugate containg fractions of the eluate are collected and then
subjected to UF/DE using an appropriate MW cutoll membrane. The preparation is next
analytically characterized by measuring total protein (Coomassie, Bradford) and biological

activity according to methods known in the art.
Method 2:

[B0630] TNF-alpha is PEGylated by use of a linear 20 kD PEGylation reagent containing
an aminooxy group. An example of this type of reagent is the Sunbright ® CA series from
WNOF (NOF Corp., Tokyo, Japan). TNF-alpha is transferred or dissolved in reaction buffer
{e.g. 50mM Hepes, 350mM sodium chionde, SmM calcium chloride, pH 6.0) to get a final
protein concentration of 1.0 -+~ 0.25 mg/mi. Then the pH of the solution is corrected to 6.0
by drop wise addition of a 0.5N aqueous HCl solution. Subsequenily a 40 mM agueous
sodium periodate solution is added within 10 minutes to give a conceniration of 200 pM.
The oxidation reaction is carried out for 30 /- 5 min ata temperature (1) of T +22 /- 2°C.
Then the reaction is stopped by addition of an agqueous L-cysteine solution {1 M) within 15
minutes at T= +22 +/- 2°C to give a final conceniration of 10 mM in the reaction mixture and

incubation for 60 +/- 5 min.

[08631]  The oxidized TNF-alpha is further purified by ion exchange chromatography. The
oxidized TNF-alpha containing fractions of the eluate are collected and used for the

conjugation reaction.

[00632]  The aminooxy-PEG reagent with a MW of 20 kD reagent is added in a 50-fold
molar excess to the eluate containing the purified oxidized TNY alpha within a maximum
time period () of 15 minutes under gentle sturing. Then an aqueous m-toluidine solution {50

mMj is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture

- 181 -



is incubated for 120 +/- 10 min, in the dark at a temperature (T of T= +22 +/- 2°C under

gentle shaking,

[G06331  The obtained PEG- TNE-alpha conjugate 1s further purified by ion exchange
chromatography, The PEG- TMF-alpha conjugate containing fractions are collected and
concentrated by ultra-/diafiltration (UE/DE) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).

(086341 The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biclogical activity according to methods known in the art,
Miethod 3:

[B0635]  TNP-alpha is PEGylated by use of a linear 20 kD PEGvylation reagent containing
an aminooxy group. An example of this type of reagent is the Sunbright @ CA series from
NOF (NOF Corp., Tokye, Japan). TNF-alpha is dissolved in Hepes huffer (50 mM Hepes,
150 mM sodium chloride, 5 mM caleium chioride, pH 6.0) and mixed with an aqueouns
sodium periodate solution (10 mM), and an aguecus m-toluidine sclution (50 mM).
Subsequently the amincoxy reagent is added to give a 20-fold molar reagent excess. The
mixture is incubated for 2 h in the dark at room temperature vnder gentle stirring and

guenched for 15 min at roorm temperature by the addition of 8 ul of agqueous cysteine solution

[B0e36]  Finally, the PEG-TNF-alpha conjugate is purified by ion-exchange
chromatography on (J-Sepharose F¥. 1.5 mg protein/ml gel is loaded on the column pre
equilibrated with 50 mM Hepes bufier, pH 7.4 containing § mM CaCC12. The conjugate is
elnted with 50 mM Hepes buffer containing 5 mM CaCl2 and 500 mM sodium chloride, pH
7.4 and 15 then subjected fo UF/DY using a membrane. The preparation is analytically
characterized by measuring total protein (Bradiord) and biological activity according to

methods known in the art.

(006371 In an alternative embodiment, Method 3 is carried out as follows. TNF-alpha is
PEGylated by use of a linear 20 kD PHGylation reagent containing an aminooxy group. An
exampie of this type of reagent is the Sunbright ® CA sertes {rom NOF (WOF Corp., Tokyo,
japan). TNF-alphais dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, §
mM calcium chloride, pH 6.0) and mixed with an agueous sodium periodate solution (10
mM), and an aqueous m-tolnidine solution (50 mM). Subsequently, the aminooxy reagent 1s

added to give a 20-fold molar reagent excess. The mixture is incubated for 2 h in the dark at
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room temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of 8 pl of aqueous cysteine solution (1 M),

[06638]  Finally, the PEG- TNF-alpha conjugate is purified by ion-exchange
chromatography. The conjugate containing fractions are collected and then subjected to
UKDF. The preparation is ana@yﬁcaliy characterized by measuring total protein (Bradford)

and biclogical activity according to methods known in the art.
Miethod 4:

(086397  TNF-alpha is PEGylated by use of a linear 20 kD PEGylation reagent containing
an aminooxy group. An example of this type of reagent is the Sunbright ® CA sesies from
NMOF (NOF Corp., Tokyo, Japan). An intital concentration or weight of TNF-alpha is
transferred or dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, 5 mM
caleium chloride, pH 6.0} to get a final protein concentration of 2 mg TNF-alpha / ml.
subsequently, an 5 mM agueous sodium periodate solution is added within 15 minutes to
give a final concentration of 100 pM, followed by addition of an 50 mM aqueous m-tojuidine
solution to get a final concentration of 10 mM within a time period of 30 minutes. Then the
aminooxy-PEG reagent with a MW of 20 kD (described above) 1s added to give a 20- fold
molar reagent excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the
dark at room temperature under gentle stirring and quenched for 15 min at room temperatore

by the addition of an 1 M aqueous L-cysteine solution to give a final concentration of 10 mM.

{06401 The PEG- TNF-alpha conjugate is purified by means of ion exchange
chromatography (IBC). The conjugate containing fractions of the eluate are concentrated by
UF/DF using a 10 kD mambréne made of regenerated cellulose {88 cm?2, cut-off 10 kD /
Millipore). The final diafiltration step is performed against Hepes buffer (50 mM Hepes, 5
mM CaCl2, pH 7.5). |

[60641]  The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biclogical activity according to known methods.



Exampie 39

PEGylation of insulin using an aminooxv-PEC reagent and m-toluidine as a nuclecnhilic

catalyst
Method 1:

[80642]  As described herein, the amino acid sequence of insulin is first modified to _
incorporate at least one glycosylarion site. Following purification, insulin is glycosylated in
vitro according fo methods known in the art. Insulin is PECGylated by use of a linear 20 kD
PEGylation reagent containing an aminooxy group. An example of this type of reagent is the
sunbright ® CA series from NOF (NOF Corp., Tokyo, Japan). Insulin is dissolved in 7.0 ml
histidine buffer, pH 6.0 (20mM L-histidine, 150 mM NaCl, 5 mM CaCl2). An aguecus
sodium periodate sclution (5 mM)} is then added and the reaction mixture is incubated for 1h
in the dark at 4°C under gentle stirring and quenched for 15 min at room temperature by the
addition of 7.5 il of a 1 M aqueons cysteine sofution, The mixture is subsequently subjecied
to UR/DF employing Vivaspin centrifugal filtrators to remove excess periodate, guencher and

the byproducts thereof,

[3643]  The retentaie containing oxidized insulin is next mixed with an agueous m-
toluidine solution (50 mM) and incubated for 30 min at room tempersture, Aminooxy-PEG
1

reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This

mixture is incubated for 2.5 b at room temperature in the dark under gentle stirring.

[B0644]  Finally, the PEG-insulin conjugate is purified by ion-exchange chromatography
(e.g., on {J-Sepharose FE). For example, 1.5 mg protein/mi gel is loaded on the colurmn
equﬂ:i.br&ted with 50 mM Hepes buffer, pH 7.4 containing 5 mM CaCl2. The conjugate is
ehuted with 30 mM Hepes buffer containing 5mM CaCl2 and 500 mM sodium chloride, pii
7.4 and is then subjected to UF/DF using an appropriate MW cutoff membrane. The
preparation is next analytically characterized by measuring toial protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

(00457 In an alternative embodiment, Method 1 is carried out as follows. As described
herein, the aniino acid sequence of insulin is first modified to incorporate at least one
glycosylation site. Following purification, insulin is glycosylated in vitro according to
methods known 1 the art. Insulin is PEGylated by use of a linear 20 kD PEGy]aﬂon_ reagent
containing an aminooxy group. An example of this type of reagent is the Sunbright ® CA

series from NOF (MOF Corp., Tokyo, Japan). Insulin is dissolved in 7.0 ml histidine huffer,
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pH 6.0 (20mM L-histidine, 150 mM NaCl, 5 mM CaCl2). An agqueous sodium periodate
sotution {5 mM)} is then added and the reaction mixture is incubated for 1 h in the dark at 4°C
under genfle stiming and quenched for {5 min at room temperature by the addition of 7.5 1
of a 1 M aqueous cysteine solution. The mixture is subsequently subjected to UF/DF
employing Vivaspin centrifugal fiitrators to remove excess periodate, quencher and the

byproducts thersof,

{00646]  The retentate containing oxidized insulin is next mixed with an aqueons m-
toluidine solution (50 mM) and incubated for 30 min at room temperature, Aminooxy-PEG
reagent with a MW of 20 kDD is then added to give a 5-fold molar reagent excess. This

mixture is incubated for 2.5 h at room temperature in the dark under gentle stirring,

[00647]  Finally, the PEG-insulin conjugale is purified by ion-exchange chromatography.
The conjugate containg fractions of the eluate are collected and then subjected to UF/DF
using an appropriate MW cutoff membrane. The preparation is next analyticaily
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to methods known in the art,
Miethod 2:

[E0648]  As described herein, the amino acid sequence of insulin is {irst modified to
incorporate at least one glycosylation site. Following puritication, insulin is glycosylated in

vitro according to methods known in the art.

[00649]  Insulin is PEGylated by use of a linear 20 kD PEGylation reagent containing an
ainooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). Insulin is transferred or dissolved in reaction buffer (e. g. 50mM
Hepes, 350mM sodium chloride, SmM calcium chloride, pH 6.0) to get a final protein
concentration of 1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop
wise addition of a 0.5 N aqueous HCl solution. Subseguently, a 40 mM aqueous sodium
periodate solution s added within 10 minutes to give a concentration of 200 uM. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (T) of T= 422 +/- 2°C.
Then the reaction is stopped by addition of an aqueocus L-cysteine solution (1 M) within 15
minutes at T= 422 -+/- 2°C to give a final concentration of 10 mM in the reaction mixture and

incubation for 60 4/~ 5 min.



(066501 The oxidized insulin is further purified by ion exchange chromatography. The
oxidized insulin containing fractions of the eluate are collected and used for the conjugation

reaction.

[30651]  The aminooxy-PHEG reagent with a MW of 20 kDD reagent is added in a 50-fold
molar excess to the eluate confaining the purified oxidized insulin within a maximam fime
pertod (6) of 15 minutes under gentle stirring. Then an agueous m-tohidine solution (50 mivh
15 added within 15 minutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a temperature {1) of T= 422 4/~ 2°C under gentle

shaking.

[30652]  The obtained PEG - insulin conjugate is further purified by ion exchange
chromatography. The PEG - insulin conjugate containing fractions are coliected and
concentrated by ulfra- / diafiltration (UF/DE) using a membrane made of regenerated

cellulose with an appropriate molecular weight cut off (Millipore).

046531 The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according to methods known in the art,
Method 3:

(B854} As described herein, the amino acid sequence of insulin is first modified to
incorporate af least one glycosylation site. Following purification, insulin is glycosylated in

vitro according to methods known in the art.

(606551  Insulin is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). insulin is dissolved in Hepes buffél' (50 md Hepes, 150 mM
sodivm chloride, 5 mM caleivm chloride, pH 6.0) and mixed with an agueous sodium
periodate solution (10 mM}, and an aqueous m-toluidine sotution (50 mM). Subsequently,
the aminooxy reagent 1s added to give a 20-fold molar reagent excess. The mixture is
incubated for 2 h in the dark at room temperature under gentle stirring and quenched for 15
min a{ room femperature by the addition of § ul of agueous cysteine solution (1 M).

[08056]  Finally, the PHG-insulin conjugate is purified by ion-exchange chromatography on
(3 Sepharose FE. 1.5 mg protein/ml gel is loaded on the column pre equilibrated with 50 mM
Hepes buffer, pH 7.4 containing 5 mM CaCl2. The conjugate is eluted with 50 mM Hepes

buffer containing 5 mM CaCl2 and 500 mM sodium chioride, pH 7.4 and is then subjected to
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UF/D¥ using a membrane. The preparation is analytically characterized by measuring total

protein (Bradford) and bielogical activity according to methods known in the art.

(GO65T]  In an alternative embodiment, Methed 3 is carried out as follows., As described
herein, the amino acid sequence of insulin is first modified to incorporate at least one
glycosylation site. Following purification, insulin is glycosylated in vitro according to
methods known in the art. Insulin is PEGylated by use of a linear 20 kD PEGylation reagent
containing an aminooxy group, An exarnplie of this type of reagent is the Sunbright ® CA
series from NOF (NOF Corp., Tokyo, Japan). Insulin is dissolved in Hepes buffer (50 mM
Hepes, 150 mM sodium chloride, 5 meM calcium chlovide, pH 6.0) and mixed with an
aqueons sodium periodate solution (10 mM), and an aqueous m-toluidine solution (50 mM).
Subsequently the aminooxy reagent is added to give 2 20-fold molar reagent excess, The
mixture is incubated for 2 b in the dark at voom temperature under gentle stirring and
quenched for 15 min at room temperature by the addition of 8 il of agueous cysteine solution

(1 M.

[(0658]  Finally, the insulin-conjugate is purified by ion-exchange chromatography. The
conjugate coniaining [ractions are collected and then subjected to UF/DF. The preparation is
anaiytically characterized by measuring total protein (Bradford) and biclogical activity

according to methods known in the art.
Wiethed 4:

{B0655]  As described herein, the amino acid sequence of insulin is first modified to
incorporate at least one glycosylation site. Following purification, insulin is glycosylated in

vitro according to methods known in the art,

[B0668]  Insulin is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). An intital concentration or weight of insulin is transferred or
dissolved in Hepes buffer (50 mM Hepes, 150 mM sodivm chloride, 5 mM calcium chioride,
pH 6.0} to get a final protein concentration of 2 mg insulin / ml, Subseguently an 5 mM
aqueous sodium periodate solution is added within 15 minutes to give a final concentration of
100 M, followed by addition of an 50 mM aqueous m-toluidine solution to get a final
concentration of 10 mM within a time period of 30 minutes. Then the aminooxyv-PEG
reagent with a MW of 20 kD (described above) is added to give a 20- foid molar reagent

excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room



ternperature under gentle stirring and quenched for 15 min at room temperature by the

addition of a 1 M aqueous L-cysteine solution to give a final concentration of 10 mM.

(606617 The PEG - insulin conjugate is purified by means of ion exchange

o

chromatography (IEC). The conjugate containing fractions of the eluate are concenirated by
UF/DF using a 10 kD membrane made of regenerated cellulose (88 cm?2, cut-off 10 k1D /
Miltipore). The final diafiltration step is performed against Hepes buffer (30 mM Hepes, 5

mhvl ClaClZ, pH 7.5).

[006062] The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biological activity sccording to known methods.
Example 40

PEGvlation of interferon-aipha using an aminooxy-PEG reagent and m-toluidine as a

nucleophilic catalvst

Miethod 1:

[H663]  Interferon-alpha is PEGylated by use of a linear 20 kD PEGylation reagent
containing an aminooxy group. An example of this type of reagent is the Sunbright ® CA
series from NOE (NOF Corp., Tokyo, Japan). Interferon-nlpha is dissolved in 7.0 ml
histidine buffer, pH 6.0 (20mM L-histidine, 150 mM NaCl 5 mM CaCl2). An aqueons
sodinm periodate solution (5 mM) is then added and the reaction mixture is incubated for [ h
in the dark at 4°C uader gentle stirving and quenched for 15 min at room terperatare by the
addition of 7.5 ul of a 1 M aqueous cysteine solution. The mixture is subsequently subiected
to UF/DF employing Vivaspin centrifugal filtrators to remove excess periodate, quencher and

the byproducts thereof,

1006047  The retentate containing oxidized interferon-alpha is next mixed with an agueous
m-toluidine solution (50 mM) and incubated for 30 min at room temperature. Aminooxy-
PEG reagent with a MW of 20 kD is then added to give a 3-fold molar reagent excess. This

mixture 15 incubated for 2.5 h at room temperature in the dark under gentle stirring.

06651 Finally, the PEG-interferon-alpha conjugate s purified by ion-exchange
chromatography {e.g., on (-Sepharose FF). For exampie, 1.5 mg protein/mi gel is loaded on
the column eguilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM CaCl2. The
conjugate is eluted with 50 mM Hepes buffer containing 5 mM CaC12 and 500 mM sodinm

chlonde, pH 7.4 and is then subjected to UT/DY using an appropriate MW cutoff membrane.
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‘The preparation is next analytically characterized by measuring total protein {Coomassie,

Bradiord) and biological activity according to methods known in the art.

{06667  In an alternative embodiment, Method 1 is carried out as follows. Interferon-alpha
is PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group.

An example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp.,
Tokyo, Japan). Interferon-alpha is dissolved in 7.0 ml histidine buffer, pH 6.0 (20mM L-
histidine, 150 mM NaCl, 5 mM CaClI2). An agueous sodium pericdate solution (5 m M) is
then added and the reaction mixture is incubated for | h in the dark at 4°C under gentle
stirring and quenched for 15 min at room temperature by the addition of 7.5 piofaiM
aqueous cysteine solution. The mixture is subsecuently subjected to UF/DEF employing
Vivaspin cenirifugal filtrators to remove excess periodate, quencher and the byproducts

thereof.

100667]  The retentate containing oxidized interferon-alpha is next mixed with an aqueous
m-toluidine solution (50 mM) and incubated for 30 min at room temperature. Aminooxy-
PEG reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess, This

rnixture is incubated for 2.5 h at room temperature in the dark under gentle stirring,

[80668]  Finally, the PEG-interferon-zipha conjugate is purified by ion-exchange
chromatography The conjugate containing freactions are collected and then subjected to
UF/DF using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring total protein {Coomassie, Bradford) and biological activity

according to methods known in the art,
Method 2:

[80669]  Interferon-alpha is PEGylated by use of a linear 20 kD PEGylation reagent
containing an aminooxy group. An example of this type of reagent is the Sunbright ® CA

- series from NOF (NOF Corp., Tokyo, Japan). Interferon-alpha is transferved or dissolved in
reaction buffer (e.g. 50 mM Hepes, 350 mM sodium chioride, 5 mM calcium chloride, pH
6.0) to get a final protein concentration of 1.0 +/- 0.25 mg/m]. Then the pH of the solution is
corrected to 6.0 by drop wise addition of a 0.5 N aqueous HCI solution. Subsequently, a

40 mM aqueous sodium periodate solution is added within 10 minutes to give a concentration
of 200 uM. The oxidation reaction is carried out for 30 +/- 5 min at a temperature (T of T=

+22 +/- 2°C. Then the reaction is stopped by addition of an aqueous L-cysteine solution (1
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I} weithin 15 minutes at T= +272 +/- 2°C to give a final concentration of 10 mM in the

reaction mixture and incubation for 60 +/- 5 min.

[0067¢]  The oxidized interferon-alpha is further purified by ion exchange chromatography.
The oxidized interferon-alpha containing fractions of the eluate are coliected and used for the

conjugation reaction,

[0671]  The aminooxy-PEG reagent with a MW of 20 kI reagent is added in a 50-fold
molar excess to the eluate containing the punfied oxidized interferon-alpha within a
maximum time period {t) of 15 minutes under gentle stirring. Then an aquecus m-toluidine
solution (30 mM} s added within 13 minutes 1o get a final concentration of 10 mM. The
reaction mixture 15 incubated for 120 4/~ 10 min, in the dark at a temperatare (T) of T= +22

+/- 2°C under gentle shaking.

[80672]  The obtained PEG- interferon-alpha conjugate is further purified by ion exchange
chromatography. The PEG- interferon alpha conjugate containing fractions are collected and
concentrated by ultra- / diafiltration (UF/DF) using a membrane made of regenerated

cellulose with an appropriate molecular weight cut off (Millipore).

{6731 The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according to methods known in the art.
Miethod 3¢

(006741 Interferon-alpha is PEGylated by use of a linear 20 ki> PEGylation reagent
containing an amincoxy group. An example of this type of reagent is the Sunbright ® CA
series from NOF (NOF Corp., Tokye, Japan). Interferon-alpha is dissolved in Hepes buffer
(50 mM Hepes, 150 mM sodium chioride, 3 mM caleium chioride, pH 6.0) and mixed with
AR AQUEsUS sodinm periodate solution (10 mM), and an aqueous m-toluidine solution (50
mM). Subsequently the aminooxy reagent is added to give a 20-fold molar reagent excess.
The mixture is incubated for 2 hin the dark at room temperature wnder gentle stirring and
quenched for 15 min at room temperatare by the addition of § ul of aqueous cysteine solution

(1M

(80675]  Finally, the PEG-interferon-alpha conjugate is purified by ion-exchange
chromatography on Q-Sepharose FE. 1.5 mg protein/ml gel is loaded on the column pre
equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM CaCl2. The conjugate is
eluted with 50 mM Hepes buffer contaiming 5 mM CaCl2 and 500 mM sodivm chloride, pH

7.4 and 15 then subjected to UF/DF using 2 membrane. The preparation is analytically



characterized by measuring total protein (Bradford) and biological activity according io

methods known in the art,

[B0676]  In analternative embodiment, Method 3 is carried out as follows. Interferon-alpha
is PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group.

An example of this type of reagent is the Sunbright ® CA series from NOF (NGF Corp.,
Tokyo, Japan). Interferon-alpha is dissolved in FHepes buffer (50 mM Hepes, 150 mM
sodinm chloside, 5 mM caleium chloride, pH 6.0) and mixed with an agueous sodium
periodate sofution (10 mM), and an aqueous m-toluidine solution (50 mM). Sabsequently the
aminooxy reagent is added to give a 20-fold molar reagent excess. The mixture is incubated
for 2 hin the dark at room temperature under gentle stirfing and quenched for 15 min at room

temperature by the addition of 8 ul of aqueous cysteine solution (3 M),

[50677]  Finally, the PEG-interferon-alpha conjugate is purified by ion-exchange
chromatography. The conjugate containg fractions are collected and then subjected to UF/DF
using a membrane. The preparation is analytically characterized by measuring total protein

(Bradford) and biological activity according to methods known in the art.
Method 4:

[00678]  Interferon-aipha is PEGylated by use of a linear 20 kD PEGylation reagent
containing an amimooxy group. An exaniple of this type of reagent is the Sunbright ® C4
series from NOF (NOF Corp., Tokyo, Japan). An intital concentration or wei oht of
interferon-alpha is transferred or dissolved in Hepes buffer (30 mM Hepes, 150 mM sodium
chloride, 5 mM calcium chioride, pH 6.0) to get a final protein conceniration of 2 mg
interferon .—éﬂ,pha /ml. Subsequently, an 5 mM agueous sodium periodate solution is added
within 15 minvtes to give a final concentration of 100 1M, followed by addition of an 50 M
aqueous m-toluidine solution to get a final concentration of 10 mM within a time period of 30
minutes. Then the aminooxy-PEG reagent with a MW of 20 kD (described above) is added
to givé a 20-fold molar reagent excess. After correction of the pH to 6.0 the m ixiure is
incubated for 21 in the dark at room temperature under gentle stirring and quenched for 15
min at room iemperature by the addition of an | M aqueous L-cysteine solution to give a final

concentration of 10 mM.

[G0679]  The PEG- interferon -alpha conjugate is purified by means of ion exchange
chromatography (IEC). The conjugate containing fractions of the eluate are concentrated by

UF/DF using a 10 kD membrane made of regenerated cellulose (88 em?2, cut-off 10 kD /



Millipore). The final diafiltzation step is performed against Hepes buffer (50 mM Hepes, §

md CaCl2, pH 7.3).

[O0680]  The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biclogical activity according to known methods.
Fxample 41

PEGvlation of interferon-gamma using an aminooxy-PEG rearent and m-toluidine as a

nucleophilic catalvst

Method 1;

[68651]  Interferon-gamima is PEGylated by use of a linear 20 kD PEGylation reagent
conlaining an aminooxy group. An exampie of this type of reagent is the Sunbright ® CA
series from NOE (NOEF Corp., Tokyo, Japan). 10 mg Interferon-gamma is dissolved in 5 mi
histidine buffer, pt{ 6.0 {20 mM L-histidine, 150 mM NaCl). 100 ul of an aqueous sodium
periodate solution {5 mM) is then added and the reaction mixture is incubated for § hin the
dark at 4°C under gentle stirring and quenched for |5 min at room ternperatore by the
addition of 50 plofa 1 M agqueous cysteine solution. The mixture is subsequently subjected
to UF/DF employing Vivaspin 15R 10 kI centrifugal filtrators to remove excess periodate,

quencher andd the byproducts thereof.

(606821 The retentate (approx. 7 ml), containing oxidized interferon-gamma, is mixed with
2 ml of an aqueous m-tolnidine solution (50 mM) and incubated for 30 min af room
ternperature, Then aminooxy-PEG reagent with a MW of 20 kKD (described above) is added
to give a 5-fold moelar reagent excess. This mixture is incubated for 2.5 h at BT in the dark

under gentle stirring,

006831 Finally, the }’JEG~_Enterferonﬁamma conjugate is purified by ion-exchange
chromatography on 5P Sepharese FE. The reaction mixture is diluted with 20 ml Buffer A
(50 mM Hepes, pH 6.5} and loaded onte a 20 ml HiPrep SPHE 16/10 column (GF Healtheare,
Fairfield, CT) pre-equilibrated with Buffer A. Then the column is eluted with Buffer B (50
mM Hepes, 1 M NaCl, pH 6.5). Free interferon-gamma is ehuted by washing the column
with 25 % Buffer B and the conjugate 2t 50 % Buffer B. The conjugate containing fractions
are concentrated by U/DF using a 10 kXD membrane made of regenerated celiulose (88 cm?2,
cut-off 10 ki / Mi_]ﬁiipbm}. ‘the tinal diafiltration step is performed against histidine buffer,
pi 6.9 containing 150 oM MNaCl. The preparation is analytically characterized by measuring

tofal protein (Bradford) and biological activity according to methods known in the art. For
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the PEG-interferon-gamma conjugate a specific activity of > 50 % in comparison to native

Interferon gamma is determined. The conjugate is additionally analytically characterized by
Size Exclusion HPLC using a Agilent 1200 HPLC system equipped with a Shodex KW 803
column under conditions as previously described (Kolarich et al, Transfusion 2006:46:1959-

77). Itis shown that the preparation contains no free Interferon-gamma,
Method 2:

{00684]  Interferon-gamma is PEGylated by use of a linear 20 kD PEGylation reagent
containing an aminocoxy group. An exaniple of this type of reagent is the Sunbright ® CA
series from NOF (NOF Corp., Tokyo, Japan). Interferon-garmma is transferred or dissolved
in reaction buffer (e.g. SUmM Hepes, 350mM socium chloride, SmM calcium chloride, pil
6.0} to get a final protein concentration of 1.0 +/- 0.25 mg/ml. Then the pH of the solution is
correcied to 6.0 by drop wise addition of 2 0.5 N aqueous HC solution. Subsequently a 40
mM aqueous sodium periodate solution is added within 10 minutes to give a concentration of
200 uM. The oxidation reaction is carried out for 30 +/- 5 min at a temperature (T} of T=
+22 +/- 2°C. Then the reaction is stopped by addition of an agueous L-cysteine solution (1
M) within 15 minutes at T= +22 +/- 2°C to give a final concentration of 10 mM in the

reaction mixture and incubation for 60 +/- 5 min.

[00635]  The oxidized interferon-gamma is further purified by ion exchange
chromatography. The oxidized interferon-gamma containing {ractions of the eluate are

cellected and used for the conjugation reaction.

[00686]  The aminooxy-PEG reagent with a MW of 20 kDD reagent is added in a 50-fold
molar excess to the eluate containing the purified oxidized interferon-gamima within a
maximum time period {t) of 15 minutes ander gentle stirring. Then an aqueous m-toluidine
solution (50 mM) is added within 15 minutes to get a final concentration of 10 mM. The
reaction mixtore is incubated for 120 +/- 10 min. in the dark at a temperature (T) of T= +22
+/~ 2°C under gentle shaking.

(066871 The obtained PEG-interferon-gamima conjugate is further purified by ion
exchange chromatography. The PEG-interferon-gamma conjugate containing fractions are
collected and concentrated by ultra-/diafilration (UF/DF) using a membrane made of
regenerated cellulose with an appropriate molecular weight cut off (Millipore).

FOD6ER] The conjugate prepared by use of this procedure are analytically characterized by

measuring total protein and biological activity according to methods known in the art.
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Method 3:

[00689]  Interferon-gamma is PEGylated by use of a linear 20 kD PEGylation reagent
containing an aminooxy group. An example of this type of reagent is the Sunbright ® CA
series from NOF (NOF Corp., Tokyo, Japan). 10 mg interferon gapuma is dissolved in ~8 m]
histidine - buffer, pH 6.0 (20 mM L-histidipe, 150 mM NaCl). 200 ul of an aqueous sodium
periodate solution (5 mM) and 2 m! of an agueous m-toluidine solution (50 mM) are then
added. Subsequently the aminooxy-PEG reagent with a MW of 20 kI (described above) is
added to give a 5-fold molar reagent excess. The mixture is incubated for 2 h in the dark at
room temperature under gentle stirring and quenched for 15 min at room femperature by the

addition of 100 nlof 1 M agueous cysteine solution.

[{0069G]  Finally the PEG-interferon-gamma conjugate is purified by ion-exchange
chrormatography on SP-Sepharose FF. The reaction mixture is diluted with 20 mi Buffer A
{50 mM Hepes, pH 6.5) and loaded onto a 20 ml HiPrep SP FF 16/10 column (GE
Healthcare, Fairtield, CT) pre-equilibrated with Buffer A. Then the column is eluted with
Buffer B (50 mM Hepes, 1 M NaCl, pH 6.5). Free intergferon-gamma is eluted by washing
the column with 25 % Buffer B and the conjugate at 50 % Buffer B. The conjugate
containing fractions are concentrated by UF/DF using a 10 XD membrane made of
regenerated cellulose (88 cm?2, cut-off 10D/ Millipore). The final diafiltration step is
performed against histidine buffer, pH 6.9 containing 150 mM NaCl. The preparation is
analytically characterized by measuring total protein (Bradford) and biological activity
according according to metheds known in the art. For the PEG-interferon-gamima conjugate
a specific activity of > 50 % in comparison to native interferon-ganuna is determined. The
conjugate is additionally analytically characterized by Size Exclusion HPLC using a Agilent
1206 HPLL system equipped with a Shodex KW 803 column under conditions as previously
described (Kolarich et al, Transfusion 2006;46:1959-77). It is shown that the preparation

contains no free interferon-gamma.

Method 4:

[0691]  Interferon-gamma is PEGylated by use of a lincar 20 kD PEGviation reagent
containing an aminocoxy group. An example of this type of reagent is the Sunbright ® CA
series from NOE (MOF Corp., Tokvyo, Japan). An intital concentration or weight of
interteron-gamma is transferred or dissolved in Hepes buffer (50 mM Hepes, 150 mM

sodium chloride, 5 mM calcium chloride, pH 6.0) 1o get a {inal protein concentration of 2 mg
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nterferon-gamma / ml. Subsequently an 5 mM aqueous sodium periodate solution is added
within 15 minutes to give a final concentration of 100 uM, followed by addition of an 50 mM
aqueous m-toluidine solution to get a final concentration of 10 mM within a time period of 30
minutes. Then the aminooxy-PEG reagent with a MW of 20 kDD (described above) is added
to give a 20-fold molar reagent excess. After correction of the pH to 6.0 the mixture is
incubated for 2 hiin the dark at room temperature under gentle stiring and quenched for 15
min at room temperature by the addition of an 1 M aqueous L-cysieine solution fo give a final

concentration of 10 mM.

160652]  The PEG-interferon-gamma conjugate is purified by means of ion exchan ge
chromatography (IEC). The conjugate containing fractions of the eluate are concentrated by
UF/DF using a 10 kDD membrane made of regenerated cellulose (88 cm?2, cut-off 10 kD /
Millipore). The final diafiliration step is performed against Hepes buffer (50 mM Hepes,

5 mM CaCl2, pH 7.5),

[G0693]  The preparation is analytically characterized by measuring total protein (Bradford
prep ¥ J . £ P

and BCA procedure) and biological activity according to known methods.
Example 42

PEGylation of G-CSH using an aminooxy-PEG reagent and m-toluidine as a nucleophilic

bMethod 1;

[00694]  G-CSF is PEGylated by use of a linear 20 kD PEGylation reagent containing an
amincoxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(MOF Corp., Tokyo, Japan). G-CSF is dissolved in 7.0 ml histidine buffer, pH 6.0 (20mM L-
histidine, 150 mM Nall, 5 mM CaCl2). An agueouns sodium periodate solution (5 mM) is
then added and the reaction mixture is incubated for 1 in the dark at 4°C under gentle
stirring and quenched for 15 min at room temperature by the addition of 7.5 ul of 2 1 M
aqueous cysteine solution. The mixture is subsequently subjected to UF/DF employing
Vivaspin centrifugal filtrators to remove excess periodate, guencher and the byproducts
thereof.

1666951 The retentate containing oxidized G-CSF is next mixed with an aqueous m-
toluidine solution (50 mM) and incubated for 30 min at rooxﬁ temperature. Aminooxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess. This

mixture is incubated for 2.5 h at room temperature in the dark under gentle starring,
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[B06%96]  Finally, the PEG- G-CSF conjugate is purified by ion-exchange chromatography
(e.g., on Q-Sepharese FEF). Forexample, 1.5 mg protein/mol gel is loaded on the column
equilibrated with 50 md Hepes buffer, pH 7.4 containing 5 oM CaCl2. The conjugate is
eluted with 50 mM Hepes buffer containing 5 mM CaCl2 and 500 mM sodium chioride, pH
7.4 and 1s then sabjected to UF/DE using an appropriate MW cutoff membrane, The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

[B06971  In an alternative embodiment, Method U is carried out as follows. G-US8F s
PEGylated by use of a linear 20 kI3 PEGylation reagent containing an aminooxy group. An
example of this type of reagent 1s the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
Japan). G-USF is disselved in 7.0 i histidine butfer, pH 6.0 (20mM L-histidine, 150 mM
MaCl, 5 mM CaClZ). An aguecus sodiura periodate solution (5 mM) is then added and the
reaction mixture is incubated for 1 hin the dark at 4°C under gentle stirring and quenched for
15 min at room temperatore by the addition of 7.5 il of 2 1 M agueous cysteine solution. The
nrixture is subsequently subjected to ’i::j' F/DE employing Vivaspin centrifugal filtrators to

remove excess periodate, guencher and the byproducts thereof,

(086957 The retentate containing oxidized G-CSEF is next mixed with an agueous m-
toluidine solution (30 mM) and incubated for 20 min af room temperatre. Ayminooxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess, This

mixture 18 incubated for 2.5 h at room tempetature in the dark under gentle stirring.

[B063%]  Finally, the PEG- G-CSF conjugate is purified by ion-exchange chromatography
(The conjugate containg fractions of the eluaie are collected and then subjected to UF/DF
using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring total protein (Coomassie, Bradford) and biological activity

according to methods known in the art.
Method 2:

PBOT00F G-CSF s PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOE
(MOF Corp., Tokyo, Japan). G{fSF i8 ";I'an:';f@n'ed or dissolved in reaction buffer (e.g. 50mM
Hepes, 350mM sodium chicride, 5SmM calcium chloride, pH 6.0} 1o get a final protein
coneentration of 1.0 +/- 0.25 mg/ml, Then the pHl of the solution 1s corrected to 6.0 by drop

wise addition of a 0.5 aqueous HUI solution. Subsequently a 40 mM aqueous sodium
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periodate solution is added within 10 minutes to give a concentration of 200 uM. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (T) of T= 422 +/- 2°C.
‘Then the reaction is stopped by addition of an aqueous 1 -cysteine solution (1 M) within 15
minutes at T= +22 +/- 2°C to give a final concentration of 10 mM in the reaction mixture and

incubation for 60 4/~ 5 min.

[60701] The oxidized G-CSF is further purified by ion exchange chromatography. The
oxidized G-CSF containing fractions of the elnate are collected and used for the conjugation

reacfion.

[BO702)  The aminooxy-PEG reagent with a MW of 20 kDD reagent is added in a 50-fold
molar excess to the eluate containing the purified oxidized G-CSF within a maximum fime
petiod (1) of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution (50 mM)
1 added within 15 minutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a femperature (T) of T= +22 +/- 2°C under gentle

shaking,

[B8783]  The obtained PEG- G-CSF conjugate is further purified by ion exchange
chromatography. The PECG- G-CSF conjugate containing fractions are collected and
concentrated by nlira-/diafiltration (UF/DE) using a membrane made of regenerated cellulose

with an appropriate molecular weight cut off (Millipore).
Fethod 3:

104764]  G-CSF is PEGylated by use of a linear 20 kD PEGylation reagent containing an
amincoxy group., An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). G—CSP is dissolved in Hepes buffer (50 mM Hepes, 150 mM
sodium chloride, 5 mM calcinm chloride, pH 6.0) and mixed with an agueocus sodinm
periodate solution (10 mM), and an aqueous m-toluidine solution (50 mM). Subsequently,
the aminooxy reagent is added to give a 20-fold molar reagent excess. The mixture is
incubated for 2 h in the dark at room temperature under gentle stiming and quenched for 15

rnin at room temperature by the addition of 8 1l of aqueous cysteine solution (1 M),

{06785]  Finally, the PEG- G-CSF conjugate is purified by ion-exchange chromatography
on (3-Sepharose FF. 1.5 mg protein/mt gel is loaded on the column pre equilibrated with 50
mM Hepes bulfer, pH 7.4 containing 5 mM CaCl2. The conjugate is eluted with 50 mM
Hepes buffer containing 5 mM CaCl2 and 500 mM sodium chloride, pH 7.4 and 1s then

subjected to UF/DF using a membrane. The preparation is analytically characterized by

- 197 -



measuring total protein (Bradford) and biological activity according to methods known in the
2 y

art.

(BG706]  In an alternative embodiment, Method 3 is carried out as follows, O-CSF is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright @ CA series from NOF (NOF Corp., Tokyo,
Japan). G-CSF 3s dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, 5 mM
calcium chloride, pH 6.0) and mixed with an aqueous sodium periedate solution (10 mM),
and an agoeous m-tolvidine solution {50 mM). Subsequently, the aminooxy reagent is added
to give a 20-fold molar reagent excess. The mixture is incubated for 2 h in the dark af room
temperature under genile stirring and quenched for 15 min at room temperature by the

addition of 8 ui of agueous cysteine solution (1 31).

[00707]  Finally, the PEG- G-CSF conjugate is purified by ion-exchana se chromatography,
‘The conjugate containing fractions of the eluate ave collected and then subjected to UF/DE
using & membrane. The preparation is analytically characterized by y measuring total protein

(Bradford) and biclogical activity according to methods known in the art,
Method 4;

[OU708]  G-CS8F is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp.. Tokyo, Japan). An intital concentration or weight of G-C8F is transferred or
dissolved in Hepes buffer (50 mM Hepes, 150 mM sodium chloride, 5 mM calcium chloride,
pil 6.0) to get a final protein concentration of 2 mg G-CSEF/ ml. Sgbs sequently, an 5 m
aqueous sodium periodate solution is added within 15 minutes to give a final concentration of
100 u, followed by addition of an 50 mM agqueous m-toluidine solution to get a final
concentration of 1 mM within a Hime period of 30 minmes. Then the aminooxy-PEG
reagent with a MW of 20 kD (described above) is added to give a 20-fold molar rea cagent
excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temmperaiure by the

eddition of an 1 M aqueous L-cysteine solution to give a final concentration of 10 niM.
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[66702]  The G-CSF conjugate is purified by means of ion exchange chromato graphy
(IEC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 kD membrane made of regenerated celluiose (88 cm?, cut-off 10 kD / Millipore). The
final diafiltration step is performed against Hepes buffer (50 mM Hepes, 5 mM CaCl2, pH
7.5).

[60710]  The preparation is analytically characterized by measuring total protein (Bradford

and BCA procedure) and biclogical activity according to known methods.
Example 43

PrGylation of Humira using an aminooxy-PEG reagent and m-toluidine as a n uclieonhilic

Method 1:

[B0711]  Humira is PEGylated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). Humira is dissolved in 7.0 m! histidine buffer, pH 0.0 {20mM
L-histidine, 150 mM NaCl, 5 mM CaCl2). An agueous sodium periodate solution (3 mM) is
then added and the reaction mixture is incubated for 1 hin the dark at 4°C under gentle
stirring and quenched for 15 min at room temperatare by the addition of 7.5 plofal M
agueous cystemne solution, The mixture is subsequently subjected to UF/DF employing
Yivaspin centrifugal filtrators to remove excess periodate, quencher and the byproducts

thereof,

{00712 The retentate containing oxidized Hurnira is uext mixed with an AQUEsUs M-
toluidine solution (50 mM) and incubated for 30 min at room temperature,  Aminooxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess, This

mixture is incubated for 2.5 h at room temperature in the dark under gentle stirring.

{06713]  Finally, the PEG-Humira conjugate is purified by ion-exchange chromatography
{e.g., on Q-Sepharose FF). For example, 1.5 mg protein/m! gel is loaded on the column
equilibrated with 50 mM Hepes buffer, pH 7.4 containing 5 mM CaCl2. The conjugate is
cluted with 50 mM Hepes buffer containing 5 mM CaCl2 and 500 mM sodinm chloride, pH
7.4 and is then subjected to UF/DF using an appropriate MW cutoff membrane. The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradtord) and biclogical activity according to methods known in the art,
E = o 2
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[B0714]  In an alternative embodiment, Method 1 is carried out as Tollows. Huamira is
PEGylated by use of a linear 20 ¥D PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (WOF Corp., Tokyo,
Japan}. Humira is dissolved in 7.0 ml histidine buffer, pH 6.0 (20mM L-histidine, 150 mM
NaCl, 5 mM CaCI2). An aqueous sodivm periodate solution {3 mM) is then added and the
reaction mixture is incubated for 1 b in the dark at 4°C under genile stirring and guenched for
15 min at room temperature by the addition of 7.5 plof a1 M aqueous cysteine solution, The
mixture is subsequently subjocted to UIYDF employing V Ivaspin centrifugal fittrators to

remove excess periodate, quencher and the byproducts thereof,

{OU715]  The retentate containing oxidized Hurmira is next mixed with an agueocus m-
toluidine solution (50 mM) and incubated for 30 rmin at room temperature. Aminocoxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess, This

mixture is incubated for 2.5 h at room temperature in the dark under gentle stirming,

100716]  Finally, the PEG- Humira conjugate ts purified by on-exchenge chromatography,
The conjugate containg fractions of the elnate are collected and then subjected to UF/D3F
using an appropriate MW cutoff membrane. The preparation is next analytically
characterized by measuring tofal protein (Coomassie, Bradford) and biclogical activity

according o methods known in the art.
Method 2

[B6717)  Humira is PEGvlated by use of a linear 20 kD PEGylation reagent containing an
aminooxy group. /An example of this type of reagent is the Sunbright ® CA series from NGF
(MOF Corp., Tokyo, Japan). Humira is transferred or dissolved in reaction buffer {e.g. 50mM
Hepes, 350mM sodium chloride, SmM calcium chioride, pH 6.0) to get a final profein
coneentration of 1.0 +/~ 0.25 mg/ml. Then the pil of the solution is corrected to 6.0 by drop
wise addition of a 0.5N aqueous HCI solution. Subsequently a 40 mM aqueous sodium
periodate solution is added within 10 minutes to give a concentration of 200 ud. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature (1) of Te 4772 4/- 200,
Then the reaction is stopped by addition of an aqueous L-cysteine solution (1 M) within 15
minuies at T= +22 +/- 2°C to give a final concentration of 10 mM in the reaction mixture and

incubation for 60 +/- 5 min.
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[B8718]  The oxidized Humira is further purified by ion exchange chromatography. The
oxidized Humira containing fractions of the ehiate are collected and used for the conjugation

reaction.

[00719]  The aminooxy-PEG reagent with a MW of 20 kD reagent is added in a 50-foid
molar excess 10 the eluate containing the purified oxidized Hamira within a maximum time
period (1) of 15 minutes under gentle stirring. Then an aqueous m-toluidine sofution (50 mM)
is added within 15 minuies {o gel a final conceniration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a temperature (1) of T= +22 +/- 2°C under gentle

shaking,

[O0720]  The obtained PEG-Humira conjugate is further purified by ion exchan e
chromatography. The PEG-Humira conjugaie containing fractions are collected and
concentrated by vltra- / diafiltration (UF/DF) using a membrane made of regenerated

cellulose with an appropriate molecular weight cut off (Millipore).
Method 3:

667211 Hemira is PEGylated by use of a linear 20 kD PEGylation reagent confaining an
amincoxy group. An example of this type of reagent s the Sunbn ght ® CA series from NOF
(MOE Corp,, Tolyo, Japan). Huwmira is dissolved in Hepes buffer (50 mM Hepes, 150 mM
soaium chioride, 5 mM calcium chioride, pil 6.0 and mized with an aguecns sodiom
periodate solution (10 mM), and an agueous m-toluidine solution (50 mM). Subsequently,
the aminooxy reagent is added to give a 20-fold molar reagent excess. The mixtare is
inenbated for 2 b in the dark at rooum temperature under gentle stirring and quenched for 15

mnin at room temperature by the addition of & pl of aqueous cysteine solution {1 M.

{00722} Finally, the PEG- Humira conjugate is purified by won-exchange chromatography
on (-Sepharose FF. 1.5 mg protein/ml gel is loaded on the column pre equilibrated with 50
mM Hepes buffer, pH 7.4 containing 3 mM CaCl2. The conjugate is eluted with 50 mM
Hepes buffer containing 5 mM CaCl2 and 500 mM sodium chloride, pH 7.4 and is then
subjected to UF/DF using a membrane, The preparation is analytically characterized by
measuring total protein (Bradford) and biological activity according to methods known in the

art.

[60723]  In an alternative embodiment, Method 3 is carried ont as follows. Humira is
PEGylated by use of a linear 20 kD PEGylation reagent containing an AMINoOXY group. An

example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
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Japan). Humirais dissolved in Hepes buffer (30 mM Hepes, 150 mM sodiom chloride, 5
mM calcivm chloride, pH 6.0) and nuixed with an aqueous sodium periodate solution (10
mM), and an agqueous m-toluidine solution (50 mM). Subsequently the aminooxy reagent is
added to give a 20-fold molar reagent excess. The mixture is incubated for 2 h in the dark a
room temperature under gentle stiring and guenched for 15 min at room temperature by the

addition of 8 plof aqueous cysieine solution {1 WD,

[(BU724]  Finally, the PEG-Humira conjugate is purified by ion-exchange chromatography.
‘The conjugate containing fractions are collected and then subjected to UF/DF using a
membsane. The preparation is analytically characterized by measuring total protein

{Bradford) and biological activity according to methods known in the art,
Method 4:

[00725]  Humira Is PEGylated by use of a Hinear 20 kD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). An intital concentration or welght of Hlumira is transferred or
dissclved in Hepes buffer (50 mM Hepes, 150 mM sodium chioride, 5 mM caicium chloride,
pH 6.0) to get a final protein concentration of 2 mg Humira / mi, Subsequently an 5 mM
aqueous sodium periodate solution is added within 15 minntes to give a {inal concentration of
100 uM, followed by addition of an 50 mM agueous m-toluidine solution to gelb a final
concentration of 10 mM within a time period of 30 minntes. Then the aminooxy-PEG
reagent with a MW of 20 kD (described above) is added to give a 20- fold molar reagent
excess. After correction of the pH to 6.0 the mixiure is incubated for 2 I in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of a 1 M aqueous L-cysteine solution to give a final concentration of 10 mh.

[(D0726]  The Humira conjugate is purified by means of ion exchange chromatography
(EC). The conjugate containing fractions of the eluate are concentrated by UF/DF using a
10 kI membrane made of regenerated cellulose (88 em?2, cut-off 10 kD / Millipore), The
final diafiliration step is performed against Hepes buffer (50 mM Hepes, 5 mM Call12, pl

7.

A

).
[00727)  The preparation is analytically characterized by measwring total protein (Bradford

and BCA procedure) and biclogical activity accordin g to known methods.
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Fxample 44

PEGvlation of Prolia using an amincoxy-PEG reagent and m-toluidine as a nucleonhilic

eihod 1:

[06728]  Prolia is PEGylated by use of a linear 20 kD PEGylation reagent containi g an
amincoxy group. An example of this type of reagent is the Sunbri ght @ CA series from NOF
(NOF Corp., Tokyo, Japan). Proliais dissolved in 7.0 mi histidine buffer, pH 6.0 (20mM [
histsdine, 150 mM NaCl, 5 mM CaCl2). An aqueous sodium pericdate solution (5 mM) is
then added and the reaction mixture is incubated for | hin the dark at 4°C under gentle
stirring and quenched for 15 min at room temperature by the addition of 7.5 plofa I M
aqueous cysteine solution. The mixtare is subsequently subjected to UF/DF employing
Vivaspin centrifugal filirators to remove excess periodate, quencher and the byproducts
thereof.

(08722} The retentate containing oxidized Prolia is next mized with an AgUeOus -
toluidine solution (50 mM) and incubated for 30 min at room temperature. Aminooxy-PEG
reagent with a MW of 20 kD is then added to give a 5-fold molar reagent excess, This

mixture is incubated for 2.5 h at room temperature in the dark under gentle stirmng.

(00730]  Finally, the PEG- Prolia conjugate is purified by ion-exchange chromatography
{e.g.. on Q-Sepharose FF), For example, 1.5 mg protein/ml gel is Joaded on the column
equilibrated with 50 mM Hepes buffer, pif 7.4 containing 5 mM Caltl. The conjugate is
eluted with 50 mM Flepes buffer containing 5 mivi Call2 and 500 mM sodinm chioride, pH
7.4 apdis then subjected to UF/DF using an appropriate MW cutoff membrane. The
preparation is next analytically characterized by measuring total protein (Coomassie,

Bradford) and biological activity according to methods known in the art.

(807311 In an alternative embodiment, Method 1 is carried out as follows. Prolia is
PEGylated by use of a linear 20 kD PEGylation reagent containing an aminooxy group. An
example of this type of reagent is the Sunbright ® CA series from NOF (NOF Corp., Tokyo,
Japan). 10 mg vFIX is dissolved in 5 ml histidine - buffer, pH 6.0 (20 mM L-histidine, 150
md Nal’l). 100 pl of an aqueocus sodium periodate solution (5 mM) is then added and the

reaction mixture is incubated for 1 hin the dark at 4°C under gentle stisring and quenched for

15 min at room temperature by the addition of 50 ul of a T M aqueous cysteine solution. The
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mixiure is subsequently subjected to UF/DF employing Vivaspin 15R 10 kD centrifugal

filtrators to remove excess periodate, quencher and the byproducts thereof,

(06732 The retentate (approx. 7 ml), containing oxidized Profia, is mixed with 2 ml of an
agueous m-toluidine solution (30 mM) and incubated for 30 min at room temperature. Then
aminooxy-PEG reagent with a MW of 20 kD (descaribed above) is added to give a 5-fold
molar reagent excess. This mixture is incubated for 2.5 h at RT in the dark wnder gentle

stirring.

[B8733]  Finally the PEG-Prolia conjugate is puzified by ion-exchange chromatography on
5P Sepharose FE. The reaction mixture is diluted with 20 ml Buffer A (50 mM Hepes, pH
6.5) and loaded onto a 20 ml HiPrep 5P FF 16/10 column (GE Healthcare, Fairfield, CT) pre-
equilibrated with Buffer A, Then the column is eluted with Buffer B (50 mM Hepes, 1 M
NaCl, pH 6.5). Free Prolia is eluted by washing the column with 25 % Buffer B and the
conjugate at 50 % Buffer B. The conjugate containing fractions are concentrated by UF/DF
using a 10 kD membrane made of regenerated cellulose (88 em?2, cut-off 10 kD / Millipore),
The final diafiltration step is performed against histidine buffer, pH 6.9 containing 150 mM
NaCl. The preparation s analytically characterized by measuring total protein (Bradford)
and biological activity according to methods known in the art. For the PEG-Prolia conjugate
a specific activity of > 50 % in comparison to native Profia is determined. The conjugate is
additionally analytically characterized by Size Exclusion HPLC using a Agilent 1200 HPLC
system equipped with a Shodex KW 803 column under conditions as previously described
{(Kolarich et al, Transfusion 2000;46:1959-77). It is shown that the preparation contains no

free Prolia.
Method 2

{36734]  Prolia is PEGylated by use of a Hnear 20 kD PEGylation reagent containing an
AMINCOXY gmup. An example of this type of reagent 1s the Sunbright ® CA series from NOF
(NCF Corp., Tokyo, Japan}. Prolia is fransferred or dissolved in reaction buffer (e.g. 50mM
Hepes, 350mM sodiam chloride, 5mM caleium chioride, pH 6.0} to get 2 final protein
concentration of 1.0 +/- 0.25 mg/ml. Then the pH of the solution is corrected to 6.0 by drop
wise addition of a 0.5N aquecus HCI sclution.” Subsequently, a 40 mM aguecus sodium
periodate solution is added within 10 minutes to give a concentration of 200 uM. The
oxidation reaction is carried out for 30 +/- 5 min at a temperature {T) of T= 422 +/- 2°C.

Then the reaction 1s stopped by addition of an aguecuns I-cysteine solation (1 M) within 15
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minutes at T=+22 +/- 2°C 1o give a final concentration of 10 mM in the reaction mixture and

incubation for 60 +/- 5 min.

[00735]  The oxidized Prolia is further purified by ion exchange chromatography. The
oxidized Hurira containing fractions of the eluate are collected and used for the conjugation

reaction,

[08736]  The aminooxy-PEG reagent with a MW of 20 kD reagent is added in a 50-foid
molar excess (o the ehaate containing the purified oxidized Prolia within a maximum time
period () of 15 minutes under gentle stirring. Then an aqueous m-toluidine solution {50 mM)
is added within 15 minutes to get a final concentration of 10 mM. The reaction mixture is
incubated for 120 +/- 10 min. in the dark at a temperature (T) of T= +22 +/- 2°C under gentle

shaking.

t00737]  The obtained PEG- Prolia conjugate is further purified by ion exchange
chromatography. The PEG- Prolia conjugate containing fractions are collected and
concentrated by wltra- / diafiltration (UF/DE) using 2 membrane made of regenerated
cellulose with an appropriate molecular weight cut off (Millipore).

Method 3:

[00738]  Prolia is PEGylated by use of a linear 20 kDD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOE Corp., Tokyo, Japan). EPQ is dissolved in Hepes buffer (50 mM Hepes, 150 mM
sodium chloride, 5 mM calcium chloride, pH 6.0} and mixed with an agueons sodium
periodate solution (10 mM), and an agueous m-toluidine solution (50 mM). Subseguently the
anminooxy reagent is added to give a 20-fold molar reagent excess. The mixture is incubated
for 2 h in the dark at room temperature under gentle stirring and quenched for 15 min at room

temperature by the addition of 8 pl of agueous cysteine solution (1 M).

(607391 Finally, the PEG- Prolia conjugate is purified by ion-exchange chromato graphy on
(-Sepharose FE. 1.5 mg protein/m] gel is loaded on the column pre equilibrated with 50 mM
epes buffer, pH 7.4 containing 5 raM CaCl2. The conjugate is eluted with 50 mM Hepes
buffer containing 5 M CaCl2 and 500 mM sodium chloride, pH 7.4 and is then subjected to
UF/DF using a membrane. The preparation is analytically characterized by measuring total

protein (Bradford) and biological activity according to methods known in the art,

[007407  In an alternative embodiment, Method 3 is carried out as follows.
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(07411  Prolia is PEGylated by use of a linear 20 kDD PEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(NOF Corp., Tokyo, Japan). 10 mg Prolia is dissolved in ~8 ml histidine buffer, pH 6.0 (20
mM L-histidine, 150 mM NaCly. 200 pl of an agueous sodium periodate solution (5 mM)
and 2 mi of an agueous m-toluidine solution (530 mM) are then added. Subsequently, the
aminoosy-PEG reagent with a MW of 20 kD {described above) is added to give a 5-fold
molar reagent excess, The mixture is incubated for 2 h in the dark at room femperature under
gentle stirring and quenched for 15 min at room temperature by the addition of 100 ul of I M
agueous cysteine solution,

[68742]  Finally the PEG-Prolia conjugate is purified by jon-exchange chromatography on
SP-Sepharose FF. The reaction mixture is diluted with 20 mol Buffer A (50 mM Hepes, pit
6.5) and loaded onto a 20 ml HiPrep SPFF 16/10 column (G Healtheare, Fairfield, CT) pre-
equilibrated with Buffer A. Then the cotumn is eluted with Buffer B (50 mM Hepes, 1 M
NaCl, pH 6.5). Free Prolia iy eluted by washing the colomm with 25% Buffer B and the
conjugate at 50% Buffer B. The conjupgate containing fractions are concentrated by UF/DF
using a 10 kD membrane made of regenerated cellulose (88 cm?2, cut-off 10 kD / Millipore).
The tinal diafiliration step is performed against histidine buffer, pH 6.9 containing 150 mM
NaCi, The preparation is analytically charactenzed by measuring total profein (Bradford)
and bielogical activity according to metheds known in the art. For the PEG-Prolia conjugate
a specific activity of » 50 % in comparison to native Profia is determined. The conjugate is
additionally analytically characterized by Size Exclusion HPLC using a Agilent 1200 HPLC
system equipped with a Shodex KW 803 column under conditions as previously described
{Kolarich et al, Transfusion 2006;46:1959-77). Itis shown that the preparation contains no

free Prolia,
Method £:

(90743} Prolia is PEGylated by use of a linear 20 kD PHEGylation reagent containing an
aminooxy group. An example of this type of reagent is the Sunbright ® CA series from NOF
(MO Corp., Tokyo, Japan). Anintital concentration or weight of Hiumira is transferred or
dissolved in Hepes butfer (50 mM Hepes, 150 mM sodium chloride, 5 mM calcium chloride,
pH 6.4) to get a final protein concentration of 2 mg Prolia / ml. Subsequently an 5 mM
agqueonis sodium periodate solution is added within 15 minutes to give a final concentration of
100 uM, followed by addition of an 50 mM agneous m-toluidine solution to get a final

concentration of 10 mM within a time pericd of 30 minutes. Then the aminooxy-PEG
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reagent with a MW of 20 kD (described above) is added to give a 20- fold molar reagent
excess. After correction of the pH to 6.0 the mixture is incubated for 2 h in the dark at room
temperature under gentle stirring and quenched for 15 min at room temperature by the

addition of an 1 M aqueous L-cysteine solution to give a final concentration of 10 mM.

[00744]  The Prolia conjugate is purified by means of ton exchange chromatography (IEC),
The conjugate containing fractions of the eluate are concentrated by UF/DF using a 10 kD
mermbrane made of regenerated cellulose (88 cra2, cut-off 10 kD / Millipore). The final
diafiltration step is performed against Hepes buffer (50 mM Hepes, 5 mM CaCl2, pH 7.5).
[06745]  The preparation is analytically characterized by measuring total protein (Bradford

and BUA procedure} and biological activity according to known methods,
Example 45

PEGvIation of a therapeutic protein usine branched PEG

(307467  PEGylation of a therapeutic protein of the invention may be extended to a
branched or linear PEGylation reagent, which is made of an aldehyde and a suitable linker

containing an active aminooxy group,
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What is claimed:

1. A method of preparing a modified therapeutic protein for treating a

bleeding disorder, said method comprising:

a) a first step comprising adjusting the pH value of a solution comprising the
therapeutic protein to a pH value of 5.0 to 8.0, wherein the therapeutic protein concentration

is 0.3 mg/ml to 3.0 mg/ml;

b) a second step comprising oxidizing one or more carbohydrates on the
therapeutic protein, wherein an oxidizing agent is added to the solution in the first step to
result in a final concentration of 50uM to 1000uM, under conditions comprising a time
period of 0.1 minutes to 120 minutes, a temperature of 2°C to 37°C, in the presence or

absence of light, and while stirring or without stirring;

c) a third step comprising contacting the therapeutic protein with a desired
excess concentration of the activated water soluble polymer, wherein the excess
concentration is 1-fold molar excess to 300-fold molar excess, under conditions comprising a
time period of 0.5 hours to 24 hours, a temperature of 2°C to 37°C, in the presence or absence

of light, and while stirring or without stirring;

d) a fourth step comprising adding m-toluidine to the solution of the third step,
wherein the m-toluidine is added to result in a final concentration of 1 mM to 50 mM, under
conditions comprising a time period of 0.1 minutes to 30 minutes, a temperature of 2°C to

37°C, in the presence or absence of light, and while stirring or without stirring;

e) a fifth step wherein the therapeutic protein is incubated together with the
activated water-soluble polymer and m-toluidine under conditions that allow conjugation of
the activated water-soluble polymer to one or more oxidized carbohydrates on the therapeutic
protein, said conditions comprising a time period of 0.5 hours to 24 hours, a temperature of
2°C to 37°C, in the presence or absence of light, and while stirring or without stirring,
wherein an oxime linkage is formed between the oxidized carbohydrate moiety and the active
aminooxy group on the activated water-soluble polymer, and said oxime linkage formation is

catalyzed by m-toluidine; and

f) a sixth step wherein the conjugation of the activated water-soluble polymer

to the one or more oxidized carbohydrates of the therapeutic protein in the fifth step is
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stopped by the addition of a quenching agent selected from the group consisting of L-
cysteine, methionine, glutathione, glycerol, Na2S20s (sodium meta bisulfite), tryptophan,
tyrosine, histidine, or derivatives of these, kresol, imidazole, and combinations of these,
wherein the quenching agent is added to result in a final concentration of 1 mM to 100 mM,
under conditions comprising a time period of 5 minutes to 120 minutes, a temperature of 2°C

to 37°C, in the presence or absence of light, and while stirring or without stirring;
wherein steps a) through ) occur in a single vessel,

wherein said modified therapeutic protein comprises an activated water-
soluble polymer conjugated to the oxidized carbohydrate moiety of said therapeutic protein

via the oxime linkage;

wherein said activated water-soluble polymer contains an active aminooxy
group and is selected from the group consisting of carbohydrate, polyalkylene glycol (PAG),
polyoxazoline, polyacryloylmorpholine, polyvinyl alcohol (PVA), polycarboxylate,
polyvinylpyrrolidone, polyphosphazene, polyethylene-co-maleic acid anhydride, polystyrene-
co-maleic acid anhydride, and poly(1-hydroxymethylethylene hydroxymethylformal) (PHF);

and

wherein said therapeutic protein is a blood coagulation protein.

2. A method of preparing a modified therapeutic protein for treating a bleeding

disorder, said method comprising:

a) a first step comprising adjusting the pH value of a solution comprising the
therapeutic protein to a pH value of 6.0, wherein the initial concentration of the therapeutic

protein is 1 mg/ml;

b) a second step comprising oxidizing one or more carbohydrates on the
therapeutic protein, wherein an oxidizing agent is added to the solution in the first step to
result in a final concentration of 400 uM, under conditions comprising a time period of 10

minutes, a temperature of 22°C, in the absence of light, and while stirring;

¢) a third step comprising contacting the therapeutic protein with a desired
excess concentration of the activated water-soluble polymer, wherein the excess
concentration is 50-fold molar excess, under conditions comprising a time period of 15

minutes, a temperature of 22°C, in the absence of light, and while stirring;
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d) a fourth step comprising adding the m-toluidine to the solution of the third
step, wherein the m-toluidine is added to result in a final concentration of 10 mM, under
conditions comprising a time period of 15 minutes, a temperature of 22°C, in the absence of

light, and while stirring;

e) a fifth step wherein the therapeutic protein is incubated together with the
activated water-soluble polymer and m-toluidine under conditions that allow conjugation of
the activated water-soluble polymer to one or more oxidized carbohydrates on the therapeutic
protein, said conditions comprising a time period of 2 hours, a temperature of 22°C, in the
absence of light, and while stirring, wherein an oxime linkage is formed between the oxidized
carbohydrate moiety and the active aminooxy group on the activated water-soluble polymer,

and said oxime linkage formation is catalyzed by m-toluidine;

f) a sixth step wherein the conjugation of the activated water-soluble polymer
to the one or more oxidized carbohydrates of the therapeutic protein in the fifth step is
stopped by the addition of L-cysteine; and wherein the L-cysteine is added to result in a final
concentration of 10 mM, under conditions comprising a time period of 60 minutes, a

temperature of 22°C, in the absence of light, and while stirring;
wherein steps a) through e) occur in a single vessel;

wherein said modified therapeutic protein comprises an activated water-
soluble polymer conjugated to the oxidized carbohydrate moiety of said therapeutic protein

through the oxime linkage;

wherein said activated water-soluble polymer contains an active aminooxy
group and is selected from the group consisting of carbohydrate, polyalkylene glycol (PAG),
polyoxazoline, polyacryloylmorpholine, polyvinyl alcohol (PVA), polycarboxylate,
polyvinylpyrrolidone, polyphosphazene, polyethylene-co-maleic acid anhydride, polystyrene-

co-maleic acid anhydride, and poly(1-hydroxymethylethylene
hydroxymethylformal) (PHF); and

wherein said therapeutic protein is a blood coagulation protein.

3. The method of claim 1 or 2, wherein the polyalkylene glycol (PAG) comprises
polyethylene glycol (PEG), poly(methoxyPEG)methacrylates, or polypropylene glycol

(PPG).
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4. The method of claim 1 or 2, wherein the carbohydrate comprises polysaccharides.

5. The method of claim 4, wherein the polysaccharides comprise polysialic acid
(PSA), pullulan, chitosan, hyaluronic acid, chondroitin sulfate, dermatan sulfate, dextran, or

carboxymethyl-dextran.

6. The method of any one of claims 1-5, wherein said therapeutic protein is selected
from the group consisting of factor IX (FIX), factor VIII (FVIII), factor VIla (FVIla), von
Willebrand factor (VWF), factor V (FV), factor X (FX), factor XI (FXI), factor XII (FXII),
thrombin (FII), protein C, protein S, tPA, PAI-1, and tissue factor (TF).

7. The method of claim 6, wherein said therapeutic protein is selected from the group

consisting of FVIIa, FVIII, FIX and VWF.

8. The method of any one of claims 1-7, wherein the water-soluble polymer is PEG or

PSA.

9. The method of claim 1 or claim 2, wherein the oxidizing agent is sodium periodate
(NalO4) and is added in an amount to result in a final concentration of 400 uM oxidizing
agent, under conditions comprising a time period of 10 minutes, a temperature of 22°C, the

absence of light, and while stirring.

10. The method of claim 1 or claim 3, wherein m-toluidine is provided at a

concentration of 10 mM.

11. The method of any one of claims 1-10, further comprising a step of reducing

the oxime linkage in the modified therapeutic protein by incubating the modified therapeutic
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protein in a buffer comprising a reducing compound selected from the group consisting of

sodium cyanoborohydride (NaCNBH3), ascorbic acid (vitamin C), and NaBH3.

12. The method of any one of claims 1-11, further comprising a step of

purifying the modified therapeutic protein.

13. The method of claim 12, wherein the modified therapeutic protein is
purified by a method selected from the group consisting of chromatography, filtration and

precipitation.

14. The method of claim 13, wherein the chromatography is selected from
the group consisting of Hydrophobic Interaction Chromatography (HIC), lon Exchange
chromatography (IEC), Size exclusion chromatography (SEC), Affinity chromatography, and

Reversed-phase chromatography.
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NUCLEOPHILIC CATALYSTSFOR OXIME LINKAGE
ABSTRACT

The invention relates to materials and methods of conjugating a water soluble polymer to an
oxidized carbohydrate moiety of a therapeutic protein comprising contacting the oxidized
carbohydrate moiety with an activated water soluble polymer under conditions that allow
conjugation. More specifically, the present invention relates to the aforementioned materials and
methods wherein the water soluble polymer contains an active aminooxy group and wherein an
oxime or hydrazone linkage is formed between the oxidized carbohydrate moiety and the active
aminooxy group on the water soluble polymer, and wherein the conjugation is carried out in the
presence of anucleophilic catalyst.

[no suitable figure]
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