
EP 0 185 459 B1 Description This invention relates to a method of
catalyzing disulfide bond formation in fully reduced, cloned gene products
produced in microbes such as Escherichia coli. More particularly, the
invention concerns such a 5  method of oxidation wherein the reaction is
controlled to promote the in vitro formation of disulfide bridges which
correspond to those present in the naturally occurring protein species.
When native proteins which contain one or more disulfide bridges in their
native state are produced as recombinant proteins in microorganisms, the
protein produced is often in a reduced form, lacking disulfide bridges. In
some cases the protein product may contain oligomers following
purification. Such oligomers 10  may be the result of uncontrolled
oxidation or thiol-disulfide exchange reactions. If the native protein
contains disulfide bonds, it will often be desirable to promote chemically
the formation of the corresponding disulfide bonds in the recombinant
protein product, while minimizing the formation of oligomers or other
modified protein by-products. Oxidizing the protein in an uncontrolled
manner may also result in the formation of undesirable isomers (incorrect
intramolecular bridging). Such unwanted reactions may com- 15  plicate the
purification of the protein from the culture, reduce the yield of protein
having the desired structure, or generate a protein with less than full
bioactivity. In the case of certain proteins which are intended for
therapeutic use, uncontrolled disulfide bond formation during purification
or formulation may yield a nonhomogeneous material which is contaminated
with isomers and/or oligomers which may be inactive and/or have increased
immunogenicity. 20     US Patent 4,530,787 granted July 23, 1985 describes
a process for oxidizing such microbially produced proteins in a selective,
controlled manner using a non-catalytic oxidizing agent, preferably
o-iodosobenzoic acid, which oxidizes cysteines preferentially producing the
desired disulfide bridging in high yield. This process requires at least
stoichiometric amounts of oxidizing agent to protein to ensure that the
oxidation proceeds to completion. 25     Similarly, a process has been
described for the catalysis of disulfide bond formation in microbially
produced rennet, using a mixture of oxidized and reduced glutathione in
urea. (European Patent Application No 83 307841.3 published as European
Publication No 114,507 on August 1, 1984 to Hayenga et al.) In J. Biol.
Chem. 258, 11834-39 (1983), Perraudin et al compared the oxidative
renaturation of reduced hen egg white lysozyme promoted by copper 2 + ions
and oxygen with that promoted by glutathione redox 30  buffer, and
postulated different mechanisms for such renaturations. This work was
performed upon a soluble protein product, and it does not address the
problem of possible oligomer formation during oxidation. It is known that
ferricyanide or copper 2+ ions are able to catalyze disulfide bond
formation in [err]- lactoglobulin in the presence of sodium dodecyl
sulfate. Leslie, J et al., Can. Jour. Biochem., 46, 625 (1968). Other
disclosures teach use of specific divalent metal salts as oxidants for
cysteine or the sulfhydryl 35  groups in specific cases: (a) copper ion:
(for free cysteine) Hanaki,A. et al., Bull Chem. Soc. Jpn., 56, 2065
(1983); (for sulfhydryls in lysozyme) Yutani, K. et al., J. Biochem., 64,
449 (1968); (for sulfhydryl compounds such as glutathione, cysteine,
2-mercaptoethanol, thioglycolic acid and reduced lipoic acid) Kobashi, K.,
Biochim. Biophys. Acta, 158, 239 (1968); (b) transition metals: (for
cysteine and other mercaptans and proteins with free sulfhydryl groups)
Friedman, Mendel, The Chemistry and Biochemistry of the Sulfhydryl 40
Group in Amino Acids, Peptides and Proteins, (New York:Pergamon Press),
Chapter 2, pp. 25-50 (1973); and (c) possibly calcium ion: (for sulfhydryls
in deoxyribonuclease) Price, P. et al., J. Biol. Chem., 244, 929 (1969).
The mechanism of oxidation in these reactions is unclear, but has been
postulated to be based on reactions involving peroxide or free radicals.
However, it appears that the ability to.predict that a given 45  divalent
salt will successfully promote the correct oxidation of a specific protein
without extensive side reactions is not possible at this time. The present
invention demonstrates the ability of certain metal- containing compounds
to promote highly selective and useful formation of disulfides in various
forms of recombinant interleukin-2 and [err]-interferon. The present
invention relates to a method of oxidizing a fully reduced recombinant
protein selected 50  from the group consisting of interferon-beta,
interleukin-2 and muteins thereof, whereby cysteines are oxidized
preferentially to form the disulfide bridges which correspond to those
present in the naturally occurring protein. This method comprises reacting
an aqueous solution containing a solubilized form of the recombinant
protein and a solubilizing agent at a pH between about 5.5 and 9 in the
presence of air with at least an effective amount of an oxidation promoter
containing a [err] cation. 55     The method of this invention minimizes
the difficulties encountered during oxidation of specific proteins,
including oxidative side reactions, inability to regain full bioactivity,
and unwanted oligomer or isomer formation. In addition, the preferred
method herein described, using cuprous chloride as an oxidation 



promoter, has the added advantages of being extremely rapid and involving a
reagent which is easily 3    T EP 0 185 459 B1 assayable in and easily
removed from the final product. The reaction herein described is active at
catalytic as well as stoichiometric concentrations (relative to free
sulfhydryls). Thus, the need to monitor the mole ratio of oxidation
promoter to protein (in order to achieve 100% disulfide formation) may not
be as great as with other oxidation agents. Disulfide bond formation in
recombinant interleukin-2 ([err]) or [err]-interferon(rlFN- 5  [err] at
mg/ml concentrations can be driven to completion in one hour at CuCI2
concentrations of less than [err]. Figure 1 represents five reverse-phase
high pressure liquid chromatography (RP-HPLC) absorbance profiles of a
reaction mixture in which a recombinant mutein of IFN-[err] having its
cysteine residue at position 17 replaced by a serine residue (designated
herein as IFN-[err]), has been oxidized using 8 [err] as 10  the oxidation
promoter. Figure 1A represents a control reaction involving reduced [err]
which has been placed in a buffer for 7 minutes without [err]. Figure 1 B
represents 7 minutes of oxidation with CuCI2; Figure 1 C represents 14
minutes of oxidation; Figure 1 D represents 28 minutes of oxidation; and
Figure 1 E represents 75 minutes of oxidation. Figure 1F represents a plot
of the percent [err] oxidized versus number of minutes of oxidation, based
on the RP-HPLC analysis. 15     Figure 2 provides a comparison of
recombinant [err] after oxidation for 75 Minutes in 8 [err] (Figure 2A)
with an aliquot of the same material reduced for 15 minutes in 10 mM
dithlothreitol at [err] (Figure 2B). Figure 3 represents four RP-HPLC
absorbance profiles of a reaction mixture in which a recombinant mutein of
IL-2, having the cysteine residue at position 125 replaced by a serine
residue and having the N- 20  terminal alanine deleted (designated herein
as des-ala [err]), has been oxidized using 50 [err] as the oxidation
promoter. Figure 3A represents 2 minutes of oxidation; Figure 3B represents
10 minutes of oxidation; Figure 3C represents 50 minutes of oxidation; and
Figure 3D represents a chromatogram of the reaction mixture after the
oxidized product of 50 minutes is re-reduced using 10 mM dithiothreitol for
15 minutes at [err]. 25     Figure 4 represents a silver-stained,
non-reducing SDS-PAGE analysis of the des-ala [err] protein after 40
minutes of oxidation using 50 [err] as the oxidation promoter to determine
the extent of formation of intermolecular sulfhydryl groups (oligomers).
Figure 5 represents plots of the percent oxidation of the des-ala [err] (as
measured by HPLC peak height, less background) versus time in minutes at 25
C for three different [err] concentrations. A control 30  reaction
containing 10 mM ethylenediamine tetraacetic acid (EDTA) was also run.
Figure 6 represents a plot of the percent oxidation of the des-ala [err]
(as measured by HPLC peak height, less background) versus the pH of the
oxidation reaction using 8 [err]. The plot shows the effect of varying pH
on the reaction rate measured at the point in the reaction at which IL-2 is
approximately 50% oxidized. 35     Figure 7 represents the oxidation of
des-ala [err] using o-phenanthroline/Cu 2 complex (Figure 7B) compared with
oxidation using [err] (Figure 7A). Figure 8 represents a graph of the
percentage of des-ala [err] oxidized (the disappearance of free sulfhydryl
groups as measured by reaction with DTNB) as a function of time in minutes
at [err] using 50 [err] 0.25 mg/ml partially purified IL-2, 50 mM sodium
phosphate, 0.1% SDS, at pH 7.0. 40     Figure 9 represents a SDS-PAGE
analysis of both a reducing and non-reducing gel of the HPLC- purified IL-2
oxidized using 50 [err]. Figure 10 represents a RP-HPLC absorbance profile
of the product of oxidation of des-alanyl IL-2 (containing the three
cysteines present in native IL-2) promoted by 50 [err]. The recombinant
proteins which are oxidized by the method of this invention are not native
to the hosts 45  used to produce them. Both IL-2 and [err] have amino acid
sequences which are substantially identical to useful proteins and include
cysteine residues which in the useful protein are linked intramolecularly
to form a single cystine moiety (disulfide bridge). In this regard the term
"substantially identical" means that the amino acid sequences of the
recombinant and useful proteins are either identical or differ by one or
more amino acid alterations (e.g., deletions, additions, or substitutions)
which do not cause an adverse functional 50  dissimilarity between the
recombinant protein and its native counterpart. The recombinant proteins
which 



are oxidized in the process of this invention ore fully reduced, i.e., they
lack disulfide bridging. For a protein such is interleukin-2 to be a
uniform substrate for oxidation, it Is usually reduced prior to the
oxidation process. Reduction may be accomplished by treating the protein
with a reducing agent such as dithioth- reitol or 2-mercaptoethanol at an
elevated temperature for a short period of time. The reducing agent is then
55  removed immediately prior to the oxidation reaction. The recombinant
proteins to be oxidized by the process of this invention may be generated
using established genetic engineering techniques. These techniques involve
identifying and characterizing the structural gene which encodes the native
protein, isolating or synthesizing that gene or a mutant which 4    EP 0
185 459 B1 encodes a functionally equivalent mutein of the native protein,
inserting the gene into an appropriate expression vector in a position
which permits expression of the gene, transforming competent heterologous
hosts, preferably microorganisms, with the vector, identifying correct
transformants, and culturing the transformants in a suitable growth medium.
The protein is typically recovered from the culture by disrupting 5  the
cells, treating the cellular debris with solubilizing agents (depending on
the solubility characteristics of the protein) and one or more extractants
to isolate crude protein, and purifying the crude protein by various
preparative chromatography procedures. If the protein is susceptible to
oligomer formation during the fermentation or recovery processes, the
protein will be treated with a reducing agent at an appropriate stage in
the recovery process. 10     After the recombinant protein is recovered
from the host in a crude, substantially pure, or pure form, it is reduced
and then oxidized with controlled kinetics using the invention process.
Controlled oxidation pursuant to the process of this invention causes the
formation of disulfide bridging in the recombinant protein which conforms
to the bridging in its native counterpart with no or minimal overoxidation
and no or minimal formation of incorrect disulfides or unwanted oligomers.
Such oxidation enables the production of 15 high yields of the recombinant
protein in a configuration which most closely resembles the configuration
of its native counterpart, thereby ensuring the likelihood that the
recombinant protein will be functionally equivalent to the native protein.
The term "recombinant protein" as used herein also refers to muteins of
IL-2 and [err]-IFN. Such muteins include, for example, proteins in which
one or more cysteines not involved in disulfide bridging have been 20
replaced with another amino acid to eliminate sites for intermolecular
crosslinking or incorrect intramolecular disulfide bond formation. Other
IL-2 muteins in which amino acids besides cysteine have been replaced have
also been constructed and are fully active. A gene containing an
undesirable and inessential cysteine can be selectively modified using a
synthetic oligonucleotide primer complementary to the region of the gene
but containing single or multiple base 25 changes in the cysteine codon,
resulting in a mutant protein (mutein) which now contains a different amino
acid at that position. When deletion is desired the oligonucleotide primer
would lack the codon for cysteine. Conversion of cysteine to neutral amino
acids such as glycine, valine, alanine, leucine, isoleucine, tyrosine,
phenylalanine, histidine, tryptophan, serine, threonine and methionine is
the preferred approach. Serine, threonine, or alanine are preferred
replacements because of their chemical similarity to cysteine. When the 30
cysteine is deleted, the mature mutein is one amino acid shorter than the
native parent protein. Human IL-2 and IFN-[err] both contain three cysteine
residues in the mature protein. The presence of three cysteines means that
upon reoxidation, these proteins may form one of three possible
intramolecular disulfide bridges, only one of which corresponds to the
correct bridge found in the native molecule. Muteins of [err] and IL-2 in
which inessential cysteines have been changed to serines are discussed in
detail in 35  Mark et al., (1984), PNAS (USA), 81, 5662-5666 and Wang et
al., (1984), Science, 224, 1431-1433, respectively. The oxidation promoter
which is used in the process is an agent which is responsible for promoting
the oxidation of cysteine residues preferentially and which contains a
divalent copper cation. Other divalent cations such as [err] are much less
effective as oxidation promoters. The [err] cation is found to produce 40
pure oxidized protein with minimal by-products. The term "preferentially"
indicates that the oxidation promoter (1) preferentially oxidizes the
cysteines to form a disulfide bond with no or insignificant oxidation to
higher levels, (2) preferentially oxidizes cysteines to form disulfide
bridges which correspond to those present in the naturally occurring
protein species, and (3) preferentially oxidizes cysteine residues as
opposed to other residues. The oxidation promoter herein is capable of
promoting oxidation of a mutein of 



45 IL-2 containing two cysteine residues so as to obtain at least 95% yield
of the desired product with the cysteines oxidized to form disulfide
bridges which correspond to those present in the naturally occurring
protein. It is also capable of promoting oxidation of a mutein of IL-2
containing three cysteine residues so as to obtain at least 80-85% yield of
the desired product. Examples of suitable oxidation promoters herein
include [err] and (o-phenanthroline)[err] complex. Preferably, the
oxidation promoter is [err]. so     The amount of oxidation promoter
employed is at least an effective amount for oxidation, i.e., an amount
which at minimum will be necessary to conduct the oxidation reaction
effectively within a convenient period of time. This amount, and the
optimum amount for each reaction, may depend specifically on such factors
as, for example, the type of protein, the type of oxidation promoter, the
reaction temperature, the pH of the reaction, and the type and
concentration of the solubilizing agent. Altering the 55 concentration of
oxidation promoter and time for oxidation is also expected to affect the
types and amounts of side products generated. For pharmaceutical purposes
it will usually be necessary to remove substan- tially all of the side
products as well as unoxidized starting material which could theoretically
generate unwanted oligomers through thiol-disulfide exchange reactions. In
the examples below an effective amount 5    EP 0 185 459 B1 is the amount
approximately equivalent to the concentration of free sulfhydryl groups on
the protein which are destined to be involved in forming the desired
disulfide bonds. This amount, of course, must be optimized for each protein
according to criteria which include, but are not limited to, convenient
reaction time, types and amounts of side products, pH, etc. It is likely
that the independent variables interact in such 5  a way that there may be
no unique optimum set of conditions for all proteins. Figure 5, which
illustrates the effect of [err] concentration on the rate of IL-2
oxidation, shows that the observed oxidation rate increases is the
concentration of [err] increases from 0.5 to 50 [err]. The reaction rate
has also been shown to increase two-fold when the reaction is carried out
at [err] rather than at room temperature (see Example 3). Thus, the
reaction can be controlled to minimize potential for over-oxidation 10  by
simply adjusting the oxidation promoter concentration, the reaction time,
or the reaction temperature. Preferably, the amount of [err] will range
from about 1 to 400 micromolar, depending on the protein concentration,
more preferably 5 to 50 micromolar if the protein is IL-2. The
concentration of protein in the reaction mixture is generally kept
relatively low to reduce the likelihood of oligomer formation. Depending on
the sulfhydryl content and the molecular weight of the 15  protein which is
being oxidized, the protein concentration is generally less than about 5
mg/ml, preferably about 0.05 to about 2 mg/ml, and more preferably about
0.1 to about 1 mg/ml. The pH of the reaction medium is generally maintained
at a level of between about 5.5 and 9. Use of pHs significantly above the
pH range specified herein causes a significant decrease in the rate of
oxidation using [err] as the oxidation promoter. The pH is preferably
maintained between about 6 and 8, and more 20  preferably about 7, as
indicated by Figure 6, which illustrates the effect of pH on the rate of
IL-2 oxidation. The reduced, cloned protein, which is less soluble than the
oxidized form of the protein, generally must remain in solution, i.e., be
in solubilized form, for effective oxidation to occur. Therefore, the
reaction mixture will preferably also contain at least an effective amount
of a solubilizing agent to prevent the protein from precipitating out of
the solution. As used herein, the term "solubilizing agent" refers to an
tonic or 25  nonionic protein-solubilizing solute such as, e.g., sodium
dodecyl sulfate (SDS) or urea. The amount of solubilizing agent which may
be employed for this purpose is generally from about 0.1 to about 1% by
weight per volume (for detergents) or about 5-9 M (for urea), depending
mainly on the protein and types of oxidation promoter used. The oxidation
reaction time will depend, for example, upon the concentration of reagents
in the reaction 30  mixture, the reaction temperature and the types of
reagents. The reaction temperature will normally be between about [err] and
about [err], conveniently room temperature, to maintain the solubilizing
agent/protein mixture in solution. Increasing the reaction temperature
increases the rate of reaction. For achievement of complete oxidation, the
reaction time or temperature may be altered as appropriate for the
particular process. The oxidation reaction may be effectively terminated
by, for example, freezing the 35  solution, adding chelators such as EDTA
to the reaction mixture, or lowering the pH to a level at which the
reaction ceases. Other factors such as concentration of solubilizing agent
may also affect the rate of reaction. Following the reaction, residual
oxidation promoter and undesired isomers or oligomers may be removed by
selective ultrafiltration or chromatographic techniques. If necessary, the
oxidized protein may 



be purified further from side products and any residual reduced protein
using protein purification proce- dures such as reverse phase high
performance liquid chromatography (RP-HPLC). The extent of oxidation during
the reaction is also readily quantifiable by RP-HPLC analysis. Recombinant
des-ala [err] contains three cysteines and is theoretically susceptible to
incorrect disulfide bond formation. When this protein is oxidized by the
method described herein, the resulting product consists of protein having
mostly the disulfide bridging of its native counterpart (between cysteines
45  at residues 58 and 105 [Wang, et al. (1984) Science, 224:1431-1433;
Robb, et al. (1984) PNAS, 81:6486- [err]. The oxidized protein is
substantially free of oligomers (less than about 1-2% by weight) end
contains less than about 15% by weight of biologically inactive isomers
which have disulfide bridging different from that of the native
counterpart. In contrast, preparations made via uncontrolled oxidations may
contain significant amounts of oligomers (5%-10%) and even larger amounts
of undesired isomers. so  Uncatalyzed air oxidations proceed slowly over a
matter of days and are very slow to reach completion. Proteins which have
been designed to eliminate the possibility of isomer formation (e.g., IL-2
in which the cysteine at position 125 has been changed to serine, or [err]
in which the cysteine at position 17 has been changed to serine), of
course, contain no isomers. In the case of at least IL-2, the oxidized
protein is much more water soluble than the reduced species and also has a
higher specific activity in biological 55  assays. Accordingly, the amount
of the solubilizing agent (e.g., SDS) in the preparation may be decreased,
generating a purified product which is sufficiently water soluble to permit
formulation with conventional aqueous parenteral vehicles in a fashion
suitable for use in humans or animals. In addition, this oxidized
recombinant IL-2 mutein contains only the disulfide bridging present in
IL-2 isolated from natural sources.    EP 0 185 459 B1 The same procedure
used above for the formation of disulfide bonds may be applied to other
muteins of IL- 2 to generate homogeneous, biologically active material.
Because the protein preparations prepared by the controlled oxidation
typically contain more desired product and fewer by-products than
preparations made via uncontrolled oxidation, they are expected to be 5
less antigenic and possibly more therapeutically active. Preparations of
therapeutic proteins will comprise a therapeutically effective amount of
the protein together with a pharmaceutically acceptable carrier. The
preparation will generally be formulated for parenteral administration in
vehicles such as distilled water, human serum albumin, and/or dextrose in
water, or physiological saline. In general the invention provides a a
pharmaceutical or veterinary formulation 10  comprising a oxidized
recombinant protein which has been produced by a method according to the
invention and formulated for veterinary or pharmaceutical use,
respectively. Such formulations may be made in accordance with standard
practice in the art and may comprise suitable diluents, carriers or
excipients and/or be in unit dosage form. The following Examples further
illustrate the invention process. These Examples are not intended to 15
limit the invention in any manner. In the Examples all temperatures are in
degrees Celcius. EXAMPLE 1 Controlled Oxidation of Recombinant [err]
Preparation of [err] 20 [err] is a microbially produced mutein of [err] in
which the cysteine residue at amino acid position 17 is replaced with a
serine residue. [err] h as two remaining cysteine residues: one at position
31 and the other at position 141. In native [err] the cysteines at
positions 31 and 141 interact to form a disulfide bridge. The genetically
engineered E. coli strain used in this example to produce [err] was 25
deposited in the American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland 20852 USA on November 18, 1983 under accession number
39,517. The genetically engineered E. coli mentioned above was grown in the
following medium: 30                       Ingredient          Approximate
Initial Concentration Nan Citrate * .2H20              3 mM H2PO4
30 mM (NH4)2SO4                       74 mM MgSO4 * 7H20
3 mM 35                       MnSO4 * H20                      46 aM ZnSO4
* 7H220                   46 aM CuSO4 * 5H220                   1-2 uM 



L-tryptophan                   350 UM FeSO4 * 7H20                    74 uM
40                       thiamine * HCI              0.002% (whv) glucose
0.5% (w/v) A 25% solution of Dow Corning Antifoam B, a 50% solution of
glucose and 5N KOH were added on demand. 45     The temperature was
maintained at 37 1 C, the pH at 6.5 0.1 with NaOH, and dissolved oxygen at
30% w/w of air saturation. Optical density and residual glucose
measurements were taken at 14 hours and at approximately one-hour intervals
thereafter. Harvest was made when glucose consumption reached 40 6
gA/(ODat680nm = 10-11). The harvested material was concentrated
approximately 3-fold by circulating it through a microporous 60 cross-flow
filter under pressure. The concentrated cells were diafiltered against
deionized water until the harvest material was concentrated 4-5 fold. The
cells were then disrupted by passing them through a Manton-Gaulin
homogenizer at 4.1-5.5 x 104 kpa (0.6-0.8 psi). After the initial pass
sodium dodecyl sulfate (SDS)-sodium phosphate buffer was added to a final
concentration of 2% w/v SDS, 0.08M sodium phosphate, and solubilization was
continued for one hour. Solid dithiothreitol (DTT) was then added to a
final concentration of 50 mM and the homogenate was heated to 90 5 C for 10
minutes. The resulting cell suspension was extracted with 2-butanol at a
1:1 2-butanol:suspension volume ratio in a static mixer. The mixture was
then centrifuged and the 2-butanol-rich phase was collected. The
2-butanol-rich phase was mixed with 2.5 volumes of 0.1% wN SDS in phosphate
buffered saline 7    EP 0 185 459 B1 (PBS). Solid DTT was added to a final
concentration of 1 mM. The pH of the mixture was adjusted to 6.2 sJ   0.1
with glacial acetic acid and this mixture was centrifuged. The resulting
paste was collected and resuspended in a mixture of PBS and 10% w/v SDS
with pH adjustment to 8.5 0.1 using 1 N NaOH. Solid DTT was added to a
final concentration of 100 mM and the suspension was heated to 90 5*C for
10 5  minutes. The suspension was then cooled to about 250C, the pH was
adjusted to 5.5 0.1 with glacial acetic acid, and the solution was
filtered. The solution was then applied to a Sephacryl S-200 pre-column
with a buffer consisting of 1% SDS, 50 mM sodium acetate, 1 mM EDTA, pH
5.5. The fractions containing highest interferon activities were pooled and
concentrated by ultrafiltration with a 10 kilodalton molecular weight
cut-off. 10     The protein was oxidized to generate sulfhydryl bonds using
the method of Shaked, et al., supra. A 1 mM o-iodosobenzoic acid solution
was prepared by mixing the acid in water, sonicating the mixture for about
5 minutes and then stirring and adding 2% NaOH slowly to obtain a final pH
of 8.2  0.2 (additional sonication may be used as an alternative to adding
base). A reaction buffer medium was prepared by dissolving Na4 P2 071 OH2 0
in water to a concentration of 2 is  mM. The pH of this solution was
adjusted to 9.0 by adding 10%  acetic acid, SDS to 0.1%,
ethylenediaminetetraacetic acid (EDTA) to 1 mM and the o-iodosobenzoic acid
solution to 15 aM were added to the solution. The buffer medium was placed
in a reaction vessel equipped with a magnetic stirrer and a pH electrode
set at 9.0. The IFN-,,,17 preparation and the o-iodosobenzoic acid
solutions were added to the reaction 20  mixture from holding vessels using
peristaltic pumps that were calibrated to introduce equivalent mole ratios
'  of the IFN and oxidizing agent. The pH of the reaction mixture was
controlled at 9.0 by adding 0.25 M NaOH via a peristaltic pump at 5 ml/hr
as needed. The IFN-,a solution (5 mg/ml in 50 mM acetate buffer, pH 5.5)
was added at a flow rate of 2 mIl/hr (7.0 micromole/hr) for about 5 hours;
the o-iodosobenzoic acid solution was added at 7 ml/hr (7 micromole/hr)
over the same time period. The addition of the acid solution 25  was
continued thereafter to get a final excess of 10-15 micromolar. The
reaction was followed by reverse phase HPLC and by assaying the residual
thiol content of IFN-,8,eri7 by Ellman's assay. After 6.5 hours the
reaction was terminated by adding 10% acetic acid to the reaction mixture
to a pH of 5.5. The product was then loaded on a Sephacryl-200 column using
a buffer consisting of 0.1% SDS, 1 mM EDTA, and 50 mM sodium acetate at pH
5.5. The monomer peak from this column was pooled and loaded 30  on a
Sephadex G-75 column using a buffer consisting of 0.1% SDS, 1 mM EDTA, and
50 mM sodium acetate at pH 5.5. Oxidation of Fully Reduced IFN-s8,17 



35     The Sephadex G-75 pooled material which had been oxidized using the
above iodosobenzoic acid oxidation method was employed for the following
copper oxidation studies because it was the only interferon product readily
available. The purified IFN-,O,,r17 was reduced for 15 minutes at 500C
following addition of dithiothreitol to 10 mM to ensure that none of the
molecules contained disulfide linkages. This was confirmed by RP-HPLC in a
30-60% acetonitrile gradient (30-40% in 5 min, 40-60% in 27 min) in 0.1%
K--40  v/v trifluoroacetic acid (using a Vydac C4 column), which separates
the oxidized from the reduced form of interferon (retention times 26 and 28
min, respectively). The reduced fl-interferon was concentrated from the
RP-HPILC peak fraction by Iyophilization and resuspension in 0.1% wNv SDS
and 50 mM phosphate buffer at pH 7.0 containing 5 micromolar EDTA. The
reaction mixture contained 0.13 mg/ml of the interferon. Oxidation was
initiated by adding CuC12 to a final concentration of 8 micromolar using
air- 45 saturated solutions at 25 - C. It has been shown by others that the
kinetics of disulfide formation can be measured by monitoring changes in
elution position from various HPLC columns (Wu, et al., Anal. Biochem.,
129, 345-348 (1983) and Reference 8 therein). One assay for oxidation used
in the present examples relies on a shift in elution position on RP-HPLC
following oxidation. 50     Figure 1A illustrates RP-HPLC of a control
reaction containing the reduced P6-interferon after 7 minutes in the
resuspension media without CuCI2. Figure 11B illustrates RP-HPLC of the
reaction mixture containing CuCI2 after 7 minutes of oxidation, Figure 1C,
after 14 minutes of oxidation, Figure 1D, after 28 minutes of oxidation,
and Figure 1 E, after 75 minutes. Figure 1 F Illustrates a plot of percent
oxidation versus minutes of oxidation based on the RP-HPLC analysis. The
results show that the interferon is more than 95% oxidized 66  by 75
minutes. This oxidized product was assayed for anti-viral activity using
the cytopathic effect assay described by Steward, W. E. II, The Interferon
System, (New York:Springer-Verlag, 1981), p. 17, and was found to have the
same specific bioactivity as native 8-IFN, 1 x 108 units/mg. The sample
which was oxidized for 75 minutes was then reduced in 10 mM DTT at 500C for
15 8    EP 0 185 459 B1 minutes. Figure 2A shows the RP-HPLC of the
oxidized material and Figure 2B, shows the RP-HPLC of the K)     reduced
material. Comparison of the chromatograms indicates that the shift in
RP-HPLC retention time was due to an oxidation which was reversible by DTT
reduction. 5 EXAMPLE 2 Controlled Oxidation of Des-Ala IL-2..r,25
Preparation of Fully Reduced Des-Ala IL-2.ri25 10 Des-ala IL-29,125 is an
IL-2 whose amino acid sequence differs from native human IL-2 by: (1) the
absence of the initial N-terminal alanine residue and (2) a serine
substituted for cysteine at position 125. The strain of des-ala
IL-2,,,r25-producing E. coli used for this example was deposited in the
ATCC on March 6, 1984 under accession number 39,626. 15     The genetically
engineered E. coli mentioned above was grown in a fermenter using the
following growth media: Initial Ingredients Added:  Approxiate Initial
Concentration 20                         (NH4)2S04                      72
mM v>                             KH2PO4                       21.6 mM Na3
Citrate                  1.5 mM ZnSO4 * 7H20                  60 JIM MnSO4
* H20                   60 UdM 25                         CuSO4 * 5H20
2 aM pH adjusted to 6.50 with 2.5 N NaOH 30     Autoclaving Sterile
Additions (post autoclave): 35 MgSO4  7H20        3 mM FeSO4            100
AM L-tryptophan      70 mg/I Thiamine-HCI      20 mg/I 



>  40                             Glucose             5 gA Tetracycline
5 mg/I Ethanol (optional)    2% (w/v) Casamino acid      2% (wN) 45     A
20% solution of Dow Coming Antifoam B, a 50% solution of glucose and 5N KOH
were added on demand. The pH of the fermenter was maintained at 6.8 with 5
N KOH. Residual glucose was maintained between 5-10 g/1, dissolved oxygen
at 40% w/w, and temperature at 37 t1 * C. The casamino acids (20% w/v stock
solution) were added when the OD6so was about 10-15. Three hours after
adding the casamino concentrated solution, ethanol (95% w/w) was added to
achieve a final 2% w/w concentration. Harvest was made two hours after
ethanol addition. About 20-40 g (wet weight) of the E. coli MM294-1 cells
containing the induced, cloned IL-2 were resuspended in 200 ml of 50 mM
Tris, 1 mM EDTA (pH 8.1 to 8.5). The high pH aided in selective extraction
of E. coli proteins in subsequent steps. The cells were centrifuged at
3000-4000 x g for 10 minutes and resuspended in 200 ml of Tris/EDTA buffer
at 4 C. The cells were then sonicated at 4 *C for 45 minutes (or until the
optical density at 600 had dropped about 85%) using large probe pulsing
with 50% duty on power setting "9" of Heat Systems Mode W-375 sonicator.
Alternatively the cells were broken by three passes through a Manton-Goulin
homogenizer. The 9    EP 0 185 459 B1 homogenate was centrifuged at 4500 x
g for 10 minutes (6000 rpm) using a Beckman JA20 rotor at 4 * C. \-'   The
debris was resuspended in 50 ml of a Tris/EDTA mixture at room temperature.
Over a period of 5 minutes an equal volume of 8M urea (Schwartz/Mann ultra
pure) in Tris/EDTA buffer was added to the suspension with rapid stirring
to yield a final urea concentration of 4M. The resulting mixture was
stirred 5  slowly for 15-30 minutes at room temperature. After stirring the
mixture was centrifuged at 12,000 x g for 15 minutes (12,000 rpm in Beckman
JA20 rotor at room temperature) and the pellet was saved. The pellet was
then resuspended in 9 ml of 50 mM sodium phosphate (at pH 6.8), 1 mM EDTA,
10 mM DTT at 20- C. The pellet was then solubilized by addition of 1 ml of
20% w/v SDS and vortexed vigorously. The resuspension was centrifuged at
12,000 x g 10 for 10 minutes at room temperature and the insoluble material
was discarded. The remaining solution was heated at 40, C for 15 minutes to
ensure that all of the IL-2 was fully reduced. The supernatant fluid
(containing 40% pure IL-2) was loaded onto a 2.6 cm x 100 cm Sephacryl- 200
(S-200) column run in 50 mM sodium phosphate (pH 6.8), 1 mM EDTA, 1 mM DTT,
1% w/v SDS. Then 3 al aliquots of each fraction were run on a 15% w/v
SDS/PAGE minigel and the gel was stained with la Coomassie blue. The
fractions with the fewest contaminants (minimizing the inclusion of
contaminants at about 35 K, 18 K and 12 K daltons) were pooled and
concentrated to 5-10 ml using an Amicon YM5 ultrafilter. The preparation
was about 80-90% pure IL-2. The S-200 pool was loaded onto a 2.6 cm x 100
cm Sephadex G-100 column, which was eluted as described above using 0.1%
w/v SDS. The fractions were analyzed by SDS/PAGE and the purest fractions
20 pooled. These purest fractions contained 95-98% pure IL-2 with 0.2-0.5
ng of endotoxin per 100,000 units. V.~   Over 30% of the IL-2 present in
the crude lysate was recovered as pure IL-2. When stored at 4 C under
nitrogen these pooled G-1 00 fractions were found to be stable for at least
six weeks without additions. An SDS-containing precipitate formed at 4 C
which could be redissolved at 250 C prior to use or could be removed
without significant loss of IL-2 units. 25 Controlled Oxidation of De-Ala
IL-2,,,125 Using CUC12 The purified, fully reduced product obtained as
described above was adjusted to 0.5 mg/ml IL-2 by
diafiltration/ultrafiltration against 50 mM Tris-HCI buffer at pH 8.0.
Diafiltration against Tris puffer acted not 30 only to adjust pH but also
removed any remaining EDTA or DTT which might interfere with the oxidation
reaction. The SDS concentration after the diafiltration/ultrafiltration
step was 1.6% wN (as measured by the acridine orange assay for SDS
described in Anal. Biochem., Vol. 118, p. 138-141 (1981)), and the pH was
about 8.0. The concentrate was oxygenated by bubbling air through the
solution, and the oxidation was initiated by adding CuCk2 to 0.5 aM, 5 aM,
or 50 aM using freshly prepared solutions. Reactions were 35  carried out
at 25 C. For determining the kinetics of oxidation, aliquots of the
reaction mixtures were taken 



at various time intervals and quenched by adding EDTA up to 10 mM
concentration and quick freezing at -70 *C. Each aliquot was analyzed by
RP-HPLC using acetonitrile gradient elution (30-60% in 45 min) in 0.1%
trifluoroacetic acid to determine the extent of reaction, because RP-HPLC
separates the oxidized from the reduced form of the IL-2 (retention times
41 and 45 min, respectively). KJ40     Figure 3 shows the RP-HPLC analysis
of the oxidation reactions using 50 .M CuCI2(before and after re-
reduction). Figure 3A shows that after only 2 minutes of oxidation the
sample was approximately two-thirds oxidized. Figure 3B shows that after 10
minutes of oxidation the sample was essentially entirely oxidized, and only
traces of other peaks (indicative of side reactions) were observed. Figure
3C shows that 50 minutes of oxidation did not increase the amounts of the
minor product components produced, and 45 therefore that side reactions do
not occur during prolonged oxidation. Figure 3D shows that the oxidation
product after 50 minutes of oxidation can be re-reduced to the fully
reduced IL-2 using 10 mM dithiothreitol for 15 minutes at 600 C. This
indicates that the peaks in Figures 3A, 3B and 3C represented oxidized
material which was reducible. Figure 4 shows a silver-stained non-reducing
SDS-PAGE analysis of the product of 40 minutes of 5o oxidation using 50 aM
CuC12. Despite the sensitive staining technique employed, only a trace of
the oxidized product was found to have formed intramolecular sulfhydryl
groups, generating dimers. The studies of oxidations performed at various
CuC12 concentrations are summarized graphically in Figure 5. This figure
shows that the observed oxidation rate as measured by HPLC peak height,
less background, is dependent on CuCI2 concentration, and therefore the
reaction can be controlled by adjusting 55 this parameter. The reactions
using 5 utM CuCI2 contained a 6-fold molar excess of IL-2, yet was
completely oxidized in 60 minutes, indicating that the CuCk may act
catalytically. A control reaction, containing 10 mM EDTA, showed
essentially no oxidation. A similar series of oxidations was conducted on a
0.2 mg/ml IL-2 solution using 8 uM CuC12 in a 10    EP 0 185 459 B1 mixture
of 30 mM Tris and 30 mM sodium phpsphate buffer adjusted to pH 6, 6.5. 7.5,
8.0, 8.5 or 9.5 and containing 0.1% wtv SDS. In all reactions the pH as
confirmed at the end of the reaction. The studies of oxidations performed
at these pH values for 7 minutes are summarized graphically in Figure 6.
This figure shows that there is an optimum pH range for oxidation of IL-2:
about 6 to 8, above which the oxidation rate 5  falls off dramatically.
Controlled Oxidation of Des-Ala IL-2,r125 Using (o-Phenanthroline)2Cu2
Complex The above oxidation procedure was repated using a freshly prepared
8 aM (o-phenanthroline)2Cu2 io complex instead of CuCI2. The Tris/phosphate
buffer described above was employed at pH 7.0, containing 0.1% SDS (w/v).
Figure 7 gives a comparison of the RP-HPLC for the IL-2 after 7 minutes of
oxidation with 8 aM CuCI2 (Figure 7A) with the RP-HPLC for the IL-2 after 7
minutes of oxidation with 8 11M (o- phenanthroline)2Cu2 (Figure 7B). The
results show that IL-2 can be more rapidly oxidized by (0-
phenanthroline)2Cu2 complex at pH 7 than by CuC12 alone. 15 Purification of
Oxidized Des-Ala IL-2.,r125 The insoluble material recovered from the urea
extraction of Example 2 was resuspended in 50 mM sodium phosphate buffer, 1
mM EDTA pH 7.0. The suspension was then solubilized by addition of solid 20
SDS to a final concentration of 5% wNv. K.2        The 5% SDS solution was
diluted to 2% SDS with 0.1 M Na2PO4,pH 8.0. The protein concentration was
determined, the pH was adjusted to 8.5, and DTT to 50 mM and EDTA to 2 mM
were added. The mixture was heated to 40 * C under N2 to reduce the IL-2.
The mixture was then cooled and the pH was adjusted to 5.0. 25     The
solution was then extracted at a 1:1 ratio (v/v) with 2-butanol containing
1 mM DTT at room temperature. Residence time was 2-2.5 minutes. The
extraction was carried out in a liquid-liquid phase separator using a flow
rate of 200 ml/min. The organic extract was separated and its pH was
adjusted to 8.0 with NaOH. The extract was then added slowly to 0.1% SDS in
10 mM Na2PO4, 2 mM DTT, pH 6 and stirred for 15-20 minutes. The resulting
precipitate was separated and the resulting paste as resuspended in 30 5%
SDS in PBS. The solution was clarified by centrifugation and reduced as
above. Following reduction the solution was adjusted to pH 5.5 with acetic
acid. The solution was purified by gel filtration using a 2.6 cm x 100 cm
S-200 column run in 50 mM sodium phosphate (pH 6.8), 1 mM EDTA, 1 mM DTT,
1% w/v SDS. 



The peak fractions from this column were pooled, and a portion of this
material (in 50 mM sodium acetate (pH 5.5), 1% SDS, 1 mM DTT and 1 mM EDTA)
was concentrated to 760 microliters using an 3s  Amicon YM-5
ultrafiltration membrane, yielding 6.6 mg of total protein. Dithiothreitol
was added to a concentration of 2.5 mM, and the sample as heated to 600C
for 10 minutes to ensure full reduction. Reducing agent was removed using a
G-25 desalting column (19 x 0.9 cm) equilibrated in 50 mM sodium phosphate
buffer (pH 7.0) containing 0.1% SDS. The protein peak was pooled, yielding
5.5 mg, which was diluted to 0.25 mg/ml in column buffer. The amount of
free sulfhydryl groups was immediately assayed 40  using the Ellman's
reagent (5,5'-dithio-bis(2-nitrobenzoic acid), (DTNB)) sulfhydryl assay (as
described by Habeeb, A.F.S.A., Methods of Enzymology, vol. 25, Part B, pp
457-64 (1972) using cysteine as a standard). Air was bubbled through the
sample for 15 seconds to aerate the solution, and oxidation at 25* C was
initiated by addition of CuCI6 to a concentration of 50 micromolar. The
extent of oxidation was measured by assaying residual free sulfhydryl
groups essentially using the DTNB assay after 5, 10, and 30 minutes of 45
room temperature incubation. Figure 8, which depicts the kinetics of
oxidation of the peak IL-2 fractions from the S-200 column, shows that
oxidation was essentially complete by 30 minutes. EDTA was added to a
concentration of 10 mM at 35 minutes, followed by addition of one-tenth
volume of 100% acetonitrile/5% trifluoroacetic acid. The oxidized IL-2 was
then separated from remaining E. coil protein and endotoxin by preparative
RP-HPLC 5o  on a 10 mm x 25 cm, 10 micron Vydac C4 column equilibrated in
10% acetonitrile/0.1% TFA. IL-2 was recovered at 60% acetonitrile following
gradient elution at 2 ml/min. (10-30% acetonitrile in 5 minutes, 30- 60%
acetonitrile in 45 minutes). The peak of IL-2 was pooled, and the total
protein recovered was determined to be 3 mg by adsorption at 280 nm. At
this point the protein was formulated as follows: to a volume of 7.7 ml
pooled HPLC fractions 55  mannitol was added to 1.7%, and SDS was added to
0.037%. The sample was Iyophilized overnight and resuspended in 2.9 ml of
50 mM sodium phosphate (pH 6.8) in WFI (water for injection). The final
concentrations of SDS and mannitol were 0.1% and 5%, respectively. Four
micrograms of the Iyophilized, resuspended IL-2 was subjected to SDS-PAGE
minigel analysis    EP 0 185 459 B1 under reducing and non-reducing
conditions (boiling 5 minutes in 2% SDS, 50 mM Tris-HCI, pH 6.8, with or
without 1% A-mercaptoethanol). The analysis, given in Figure 9, shows that
the non-reduced IL-2 migrated slightly faster than the reduced IL-2, as
expected from the literature for a molecule containing disulfide bonds,
Densitometric scans using the Shimadzu CS-930 scanner of the TCA-fixed,
Coomassie-stained gel s  showed that the final product is over 95% pure and
contains less than 2% protein migrating in the positions expected for
oligomeric IL-2. Where necessary, residual IL-2 oligomers can be
effectively eliminated by molecular sieve chromatography (S-200 columns,
run as described above) following the IL-2 oxidation step. The RP-HPLC
appeared to remove both residual E. coli contaminants and pyrogens. At
least 50% of the pooled S-200 starting material was recovered in the final
oxidized product. to     The final specific bioactivity of the purified
IL-2 was measured to be 4-6 x 10' units/mg (units based on units measured
with the HT-2 cell proliferation assay (Watson, J. (1979) JEM,
150:1510-1519 and Gillis, S., et al. (1979) J.l., 120:2027-2032) and on
protein content measured by the method of Lowry, 0. H., et al. (1951) J.
Bio. Ch m., 193:265-275), and the endotoxin content was less than 0.3
nanograms/mg IL-2, as measured by limulus amoebocyte lysate (LAL) assay.
The specific biological activity of the purified oxidized 76 product is
essentially indistinguishable from that of native IL-2 from induced
periferal blood lymphocytes or the native IL-2 isolated from the induced
Jurkat cell line. Thus, the oxidized, recombinant IL-2 bioactivity
resembles that of two native counterparts which are known to be oxidized.
Reduced native and reduced recombinant IL-2 proteins both have
significantly lower specific bloactivities. Because the oxidized product
herein was shown to have biological activities identical to those measured
for native Jurkat or peripheral 20 blood lymphocyte IL-2 (unpublished
observations), IL-2 produced by the present process may be useful in
enhancing the ability of the human immune system to combat viral pathogens
and cancers. The final product may be Iyophilized for storage, and/or may
be stored in solution at 4* C for up to 60 days or more without significant
change in biological or physical properties. When the oxidation reaction of
des-ala IL-2,,,,26 was conducted as described above but without using 25
SDS or another solubilizing agent to keep the fully reduced IL-2 in
solution, no measurable oxidation took place. When the oxidation was
carried out on des-ala IL-2s.,t2 using the preferred conditions described
above except using FeSO4 as the oxidation promoter, less than 10% of the
product had been oxidized, 



Indicating that Fe 2 is much less effective a cation for promoting
oxidation. When the oxidation was carried out on a reduced molecule
containing three cysteines (i.e., des alanyl, 9o recombinant IL-2 produced
from an E. coli strain deposited in the American Type Culture Collection on
August 4, 1983 under accession no. 39,405) using the conditions described
above, at least 85% of the product had the correct disulfide linkage
(between cys 58 and cys 105) and showed identical bioactivity to the native
protein. Approximately 15% of the material was inactive, presumably
representing isomers of IL-2 which contain incorrect disulfide linkages.
Figure 10 shows a RP-HPLC analysis of the final product eluted 35 with a
30-60% acetonitrile gradient. The retention times are 29 min for inactive
isomers and 44 min for active IL-2. EXAMPLE 3 ~-"40  Controlled Oxidation
of Des-Ala IL-2,.,125 at 37 C This example illustrates the effect of
increased temperature on the oxidation reaction of this invention. The peak
fractions from the S-200 column described in Example 2 under Purification
of Oxidized Des- Ala 'L-2ser125 were pooled and the peak material was
concentrated to 720 microliters using an Amicon YM-5 45 ultrafiltration
membrane. Dithiothreitol was added to a concentration of 3.5 mM, and the
IL-2 was then heated to 60'C for 10 minutes. The dithiothreitol was then
removed using a G-25 desalting column equilibrated in 50 mM sodium
phosphate buffer (pH 7.0) containing 0.1% SDS. The protein concentration
was adjusted to 0.25 mg/ml using the same buffer. The IL-2 was then divided
into two 10-ml portions and equilibrated at either 25' C or 37 * C in a
circulating water bath. The oxidation was initiated by adding CuC12 5o  to
50 .M. The kinetics of oxidation were then determined by 1) measuring the
amount of free sulfhydryl groups using the Ellman's reagent assay, and 2)
monitoring the amount of IL-2 present at the retention times expected for
reduced and oxidized IL-2 following RP-HPLC. Raising the temperature of
oxidation from 25' C to 37- C increased the rate of oxidation approximately
two-fold as measured by both assays. Thus, temperature, as well as copper
concentration, has an effect on s5  oxidation rate. Both the oxidations at
25'C and 370C proceeded to essentially 100% completion, thereby minimizing
free sulfhydryl groups and greatly diminishing the possibility of
subsequent oligomer formation by thio-disulfide exchange Reverse phase HPLC
analysis revealed that the oxidized IL-2 products appeared identical, and
bioassay showed that they had the same specific activity. Non-reducing
SDS-PAGE analysis 12    EP 0 185 459 B1 demonstrated that less than 1%
oligomers had been formed at either temperature. In summary, the present
invention is seen to provide a controlled method of oxidizing fully reduced
cysteine-containing recombinant IL-2 and IFN-,8 using an oxidation promoter
containing Cu*2 which catalyzes the in vitro formation of disulfide bridges
which correspond to those found in the native proteins. 5  The process
herein eliminates or minimizes side reactions during the oxidation and
maximizes the ability of the oxidized product to regain full bioactivity.
Claims 0 .1. A method of oxidizing a fully reduced recombinant protein
selected from the group consisting of interferon-beta, interleukin-2 and
muteins thereof, comprising reacting an aqueous solution containing a
solubilized form of the recombinant protein and a solubilizing agent at a
pH between about 5.5 and 9 in the presence of air with at least an
effective amount of an oxidation promotor containing Cu 2 cation whereby
cysteines are oxidized preferentially to form disulfide bridges which
correspond to those 15     present in the naturally occurring protein. 2. A
method according to claim 1, wherein the recombinant protein is a mutein of
said protein having at least one of its cysteine residues which is free to
form a disulfide bond and is nonessential to the biological activity of the
protein deleted or replaced by another amino acid. 20 K)     3. A method
according to claim 2, wherein the mutein is des-ala IL-20.125 or IFN-0er17.
4. A method according to any one of claims 1-3, wherein the pH is between
about 6 and about 8. 25 5. A method according to any one of claims 1-4.
wherein the oxidation promotor is CuCl2 or (o- phenanthroline)2CU&2. 6. A
method according to any one of claims 1-5, wherein the concentration of
said protein is in the range of about 0.05 to about 2 mg/mi. 30 



7. A method according to any one of claims 1-6, wherein the concentration
of said oxidation promotor is approximately equivalent to the concentration
of free sulfhydryl groups on the protein which are intended to be oxidized
to form cystines. 35  A  A method according to any one of claims 1-7,
wherein the oxidation promotor is CuCI2 and its concentration ranges from
about 1 to 400 micromolar. 9. A method according to any one of claims 1-8,
wherein the protein is solubilized with sodium dodecyl sulfate or urea. 40
10. A method according to claim 1, wherein the protein is an IL-2 or
IFN-fmutein, the oxidation promotor is CuCI2 in an amount of from about 5
to 50 micromolar, the pH of the reaction is about 7, the concentration of
IL-2 or IFN-fi mutein in the reaction mixture ranges from about 0.1 to
about 1 mg/mi, and sodium dodecyl sulfate is present as a solubilizing
agent at a concentration ranging from about 0.1 46    to 1% by weight per
volume. 11. A method of making pharmaceutical or veterinary formulation
comprising preparing an oxidized recombinant protein by a method according
to any one of claims 1 to 10 and formulating said protein for
pharmaceutical or veterinary use, respectively, optionally together with an
acceptable diluent, carrier 50     or excipient and/or in unit dosage form.
PatentansprUche 1. Verfahren zur Oxidation eines vollstAndig reduzierten
rekombinanten Proteins, ausgewAhIt aus der 55     Gruppe Interferon-beta,
Interleukin-2 und deren Muteine, umfassend die Umsetzung einer wWfrigen
LWsung, die eine geldste Form des rekombinanten Proteins und ein
L6sungshilfsmittel enthAlt, bei einem pH zwischen etwa 5,5 und 9 in
Gegenwart von Luft mit mindestens einer wirksamen Menge eines Cu2 -Kation
enthaltenden Oxidationspromotors, wobel Cysteine vorzugsweise unter
Ausbildung 13    EP 0 185 459 B1|||||||||||||||| *   c   L   11 S
demonstrated that less than 1% oligomers had been formed at either
temperature. In summary, the present invention is seen to provide a
controlled method of oxidizing fully reduced cysteine-containing
recombinant IL-2 and IFN-,6 using an oxidation promoter containing Cu 2
which catalyzes the in vitro formation of disulfide bridges which
correspond to those found in the native proteins. 5  The process herein
eliminates or minimizes side reactions during the oxidation and maximizes
the ability of the oxidized product to regain full bioactivity. Claims 10
1. A method of oxidizing a fully reduced recombinant protein selected from
the group consisting of interferon-beta, interleukin-2 and muteins thereof,
comprising reacting an aqueous solution containing a solubilized form of
the recombinant protein and a solubilizing agent at a pH between about 5.5
and 9 in the presence of air with at least an effective amount of an
oxidation promotor containing Cu*2 cation whereby cysteines are oxidized
preferentially to form disulfide bridges which correspond to those 15
present in the naturally occurring protein. 2. A method according to claim
1, wherein the recombinant protein is a mutein of said protein having at
least one of its cysteine residues which is free to form a disulfide bond
and is nonessential to the biological activity of the protein deleted or
replaced by another amino acid. 20  3. A method according to claim 2,
wherein the mutein is des-ala IL-2,.125 or IFN-f,69.17. 4. A method
according to any one of claims 1-3, wherein the pH is between about 6 and
about 8. 25  5. A method according to any one of claims 1-4. wherein the
oxidation promotor is CuCI2 or (o- phenanthroline)2Cu 2 6. A method
according to any one of claims 1-5, wherein the concentration of said
protein is in the range of about 0.05 to about 2 mg/ml. 30 7. A method
according to any one of claims 1-6, wherein the concentration of said
oxidation promotor is approximately equivalent to the concentration of.
free sulfhydryl groups on the protein which are intended to be oxidized to
form cystines. 35  8. A method according to any one of claims 1-7, wherein
the oxidation promotor is CuC12 and its concentration ranges from about 1
to 400 micromolar. 



9. A method according to any one of claims 1-8, wherein the protein is
solubilized with sodium dodecyl sulfate or urea. 40 10. A method according
to claim 1, wherein the protein is an IL-2 or IFN-fimutein, the oxidation
promotor is CuC12 in an amount of from about 5 to 50 micromolar, the pH of
the reaction is about 7, the concentration of IL-2 or IFN-,B mutein in the
reaction mixture ranges from about 0.1 to about 1 mg/ml, and sodium dodecyl
sulfate is present as a solubilizing agent at a concentration ranging from
about 0.1 45     to 1% by weight per volume. 11. A method of making
pharmaceutical or veterinary formulation comprising preparing an oxidized
recombinant protein by a method according to any one of claims 1 to 10 and
formulating said protein for pharmaceutical or veterinary use,
respectively, optionally together with an acceptable diluent, carrier 50
or excipient and/or in unit dosage form. PatentansprUche 1. Verfahren zur
Oxidation eines vollstandig reduzierten rekombinanten Proteins, ausgewlhlt
aus der 55     Gruppe Interferon-beta, Interleukin-2 und deren Muteine,
umfassend die Umsetzung einer wWfrigen Losung, die eine geloste Form des
rekombinanten Proteins und ein Losungshilfsmittel enthAlt, bei einem pH
zwischen etwa 5,5 und 9 in Gegenwart von Luft mit mindestens einer
wirksamen Menge eines Cu?*-Kation enthaltenden Oxidationspromotors, wobei
Cysteine vorzugsweise unter Ausbildung 13    EP 0 185 459 B1
||| |||||| || ||| * c   L   N   s * von DisulfidbrOcken, die denen im
natUrlich vorkommenden Protein vorhandenen entsprechen, oxidiert werden. 2.
Verfahren nach Anspruch 1, in dem das rekombinante Protein ein Mutein des
Proteins ist, bei dem 5      mindestens einer der Cysteinreste, der zur
Ausbildung einer Disulfidbindung zur VerfUgung steht und fOr die
biologische Aktivitit des Proteins nicht essentiell ist, entfernt oder
durch eine andere Aminosau- re ersetzt ist. 3. Verfahren nach Anspruch 2,
in dem das Mutein das desAla-lL-2s,125 oder IFN-6Ser,,17 ist. 10 4.
Verfahren nach einem der AnsprUche 1-3, in dem der pH zwischen etwa 6 und
etwa 8 liegt. 5. Verfahren nach einem der AnsprUche 1-4, in dem der
Oxidationspromotor CuCI2 oder (o-Phenanthro- lin)2-Cu2 ist. 15 6. Verfahren
nach einem der Ansprache 1-5, in dem die Konzentration des Proteins im
Bereich von etwa 0,05 bis etwa 2 mg/ml liegt. 7. Verfahren nach einem der
AnsprUche 1-6, in dem die Konzentration des Oxidationspromotors der 20
Konzentration an freien Sulfhydrylgruppen des Proteins, die unter Bildung
von Cystinen oxidiert werden K.J       sollen, ungefahr aquivalent ist. .
Verfahren nach einem  der AnsprUche 1-7, in dem der Oxidationspromotor
CuCI2 ist und seine Konzentration im Bereich von etwa 1 bis 400 micromolar
liegt. 25 9. Verfahren nach einem der AnsprOche 1-8, in dem das Protein in
Natriumdodecylsulfat oder Harnstoff solubilisiert wird. 10. Verfahren nach
Anspruch 1, in dem das Protein ein IL-2 oder IFN-fi-Mutein ist, der
Oxidationspromotor 30     CuC12 in einer Menge von etwa 5 bis 50 micromolar
ist, der pH der Umsetzung etwa 7 ist, die Konzentration des IL-2 oder
IFN-,e-Muteins im Reaktionsgemisch im Bereich von etwa 0,1 bis etwa 1 mg/ml
liegt und Natriumdodecylsulfat als Losungshilfsmittel in einer
Konzentration von etwa 0,1 bis 1 Gewichts-% pro Volumen vorhanden ist. 35
11. Verfahren zur Herstellung einer pharmazeutischen oder veterinaren
Formulierung, umfassend die Herstellung eines oxidierten rekombinanten
Proteins durch ein Verfahren nach einem der AnsprUche 1 bis 10 und die
Formulierung des Proteins zur pharmazeutischen bzw. veterinaren Verwendung,
gogebenenfalls zusammen mit einem vertraglichen Verdannungsmittel, Trager
oder Vehikel und/oder in einer Einheitsdosierungsform. Revendlcatlons 



1. Proc6dd d'oxydation d'une prot6ine recombinde complbtement rdduite,
choisie parmi l'interferon $, I'interleukine-2 et les mutdines de coux-ci,
selon loquel on fait reagir une solution aqueuse contenant 45     une forme
solubilisee de la prot~ine recombinde, et un agent solubilisant, a un pH
d'environ 5,5 A 9, en presence d'air, avec au moins une quantitd efficace
d'un promoteur d'oxydation contenant des cations Cu 2, de sorte que les
cysteines sont de pr6f~rence oxyddes pour former des ponts disulfure
correspondants a ceux pr~sents dans la prot~ine naturelle. 50 2. Prood4
selon la revendication 1, dans lequel la protdine recombinde est une
mut~ine de ladite prot6ine, dont au moins un des r6side cystdine qui est
libre de former une liaison disulfure et qui n'est pas essentiel &
l'activit6 biologique de la protdine, est supprime ou remplac6 par un autre
aminoacide. 3. Proc~dd selon la revendication 2, dans loquel la mutdine est
la des-ala IL-2ser125 ou l'lFN-Ar17. 55 4. Proc~dd selon l'une quelconque
des revendications 1 a 3, dans lequel le pH est d'environ 6 & environ 8. 14
EP 0 185 459 B1 *  C   L  M   S  * 5. Procdd6 selon l'une quelconque des
revendications 1 a 4, dans loquel le promoteur d'oxydation est CuCk2 ou le
complexe (o-ph~nanthroline)2Cu*2. 6. Proced6 selon l'une quelconque des
revendications 1 & 5, dans lequel la concentration en ladite 5
proteine est d'environ 0,05 a environ 2 mg/mi. 7. Proc~d6 selon l'une
quelconque des revendications 1 & 6, dans loquel la concentration en le
promoteur d'oxydation est a peu pres dquivalente a la concentration en
groupes sulfhydryle libres dans la prot~ine, qui sont destin6s & 8tre
oxydds pour former des cystines. 10 8. Proced4 solon lune quelconque des
revendications 1 & 7, dans lequel le promoteur d'oxydation est CUCI2, et
dans loquel sa concentration varie d'environ 1 & 400 jiM. 9. Proc~d6 selon
l'une quelconque des revendications 1 a 8, dans loquel la protdine est
solubilis~e a t5    I'aide de dod~cyl sulfate de sodium ou d'urde. 10.
Procddd selon la revendication 1, dans lequel la protdine est une mutdine
d'lL-2 ou d'IFN-,e, le promoteur d'oxydation etant CuCI2 selon une quantit6
d'environ 5 & 50 gM, le pH de la r~action 6tant d'environ 7, la
concentration en mut6ine d'lL-2 ou d'lFN-,d dans le m~lange reactionnel
variant 20     d'environ 0,1 a environ 1 mg/mi, et du dod~cyl sulfate de
sodium 6tant prdsent comme agent J2         solubilisant selon une
concentration variant d'environ 0,1 & 1 % en poids par volume. 11. Proc6d6
de preparation d'une composition pharmaceutique ou vdterinaire, selon
lequel on pr~pare une protdine recombinde oxydde solon un procdd6 ddcrit
dans I'une quelconque des revendications 1 & 10, 25     et on associe
6ventuellement cette protdine pour une utilisation pharmaceutique ou
vdtdrinaire, respectivement avec un diluant, un vWhicule ou un excipient
acceptable, et/ou on la met sous une forme pharmaceutique unitaire. 30 35
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