
EP 0 206 828 81 Description This invention relates to a biochemical
separation or recovery process In which retractile bodies containing
microbially produced proteins are separated or recovered from the
microorganism hosts which 6  produce them. Many types of proteins,
particularly proteins of potential therapeutic use such as interferon
(IFN), interleukin-2 (IL-2), feline leukemia virus antigen (feLV), etc.
have been produced from transformed host cells containing recombinant DNA.
The host cells are transformed with expression vectors containing genes
encoding the desired heterologous protein and are then cultured under
conditions favoring production of the lo  desired protein. Often the
heterologous protein produced by the host cell precipitates inside the cell
as opposed to being soluble in the cell. The intracellularly produced
protein must be separated from the cellular debris and recovered from the
cell before it can be formulated into a purified biologically active
material. Procedures for purifying native IL-2 from T cells are described
by Watson, J. et al., J. Exp. Med. (1979) 15  150:849-861; Gillis, S. et
al., J. Immunology (1980) 124:1954-1962; Mochizuki, D. Y., et al., J.
Immunol. Meth. (1980) 39:185-201; Welte, K. et al., J. Exp. Med. (1982)
156:454.464; EP 92,163 and EP 94,317. In general, these procedures involve
precipitating proteins from culture supernatants with ammonium sulfate
followed by a chromatographic fractionation. U.S. Patent Nos. 4,450,103 and
4,462,940 and Derynck, R., et al., Nature (1980) 287:193-197 describe i 20
procedures for recovering IFN-f from IFN-II-producing E. coli. The patents
describe procedures in which IFN-f is extracted from cellular material with
2-butanol or 2-methyl-2-butanol. Commonly owned U.S. Patent Nor 4,569,790,
filed March 28, 1984 and issued February 11, 1986 to K. Koths et al.,
describes a process for recovering IL-2 from an IL-2-producing
microorganism whereby the microorganism cell membrane is disrupted, the
disruptate is extracted with an aqueous solution of a 26  chaotropic agent
such as urea, the IL-2 is solubilized with, e.g., sodium dodecyl sulfate,
and the IL-2 is separated in the presence of a reducing agent. Commonly
owned U.S. Patent No. 4,530,787 filed October 17, 1984 and issued July 23,
1985 to Z. Shaked et al., describes a process for oxidizing recombinant
proteins such as IL-2 selectively and stoichiometrically using
o-iodosobenzoic acid to ensure that the protein will be functionally
equivalent to its 'j so  native counterpart. The above techniques for
recovering the protein generally require use of costly reagents which must
be removed frown the protein prior to formulation thereof. Furthermore,
many heterologous proteins are precipitated intracellularly in the form of
retractile or inclusion bodies which appear as bright spots visible within
the enclosure of the cell under a phase contrast microscope at
magnifications down to 1000 fold. 35  See. e.g., Miller et al., Science
(1982) 215:687-690 and Cheng, Biochem. Biophys. Res. Comm., (1983)
111:104-111. Using the techniques described above, such proteins may not be
sufficiently isolated from protein contaminants or from forms of the
protein which are biologically inactive when produced intracel- lularly.
Becker et al., Biotech. Advs. (1983) 1:247-261 disclose separation of these
bodies from most of the cell 40  debris and soluble impurities by a
low-speed centrifugation. In addition, Kleid et al., ch. 25 in Developments
in Industrial Microbiology, Vol. 25, p. 317-325 (Society for Industrial
Microbiology, Arlington, VA, 1984) disclose purification of refractile
bodies by homogenization followed by centrifugation. Also, Marston et al.,
Bio/Technology (September, 1984), pp. 800-804 describe release of inclusion
bodies by enzymatic and mechanical disruption procedures as well as
sonication. Centrifugation at 12,000 xg for five minutes at 4 C 45 of the
cell lysates removed all the inclusion bodies from the supernatant. The
resulting pellets are suspended in Triton X100 and EDTA and centrifuged
before denaturation. Purification and activity assurance of precipitated
heterologous proteins is also described by U.S. Patent Nos. 4,511,502;
4,511,503; 4,512,922; and 4,518,526; and EP 114,506. U.S. 4,511,502
describes purifying the retractile protein by isolation thereof from a host
cell, dissolving the protein in a strong denaturing 6o  solution and
removing impurities by high speed centrifugation. U.S. 4,511,503 describes
and claims isolating the retractile protein from a host cell and treating
the protein with a strongly denaturing solution. U.S. 4,512,922 describes
and claims solubilizing the refractile bodies in a strongly denaturing
solution and replacing with a weakly denaturing medium. U.S. Patent
4,518,526 describes treating the host cell culture with a buffer of
sufficient ionic strength to solubilize the host protein but not the
retractile protein, disrupting 55 the cells, and treating the insoluble
fraction so as to obtain the retractile protein. EP 114,506 discloses a
method for treating retractile material containing a heterologous protein
so as to recover the protein from its 



host cell by contacting the retractile material with a denaturing solution
which may optionally be contacted with a size-discriminating molecular
sieve or subjected to high speed centrifugation to remove high 2    EP 0
206 828 B1 molecular weight components from the solution. The examples of
EP 114,506 indicate that the process requires repeated runs for successful
recovery of product. There remains a need in the art for a method of
recovering refractile material containing heterologous expression products
from the host cells which method is less costly, is easier to handle, and
results in 5  maximum recovery of pure protein in a biologically active
form without use of chemical agents. The present invention relates to a
recombinant protein recovery process which need not employ costly reagents
with their attendant disposal problems, need not require repeated runs, and
can result in a pure, biologically active protein product. More
specifically, the present invention relates to a process for recovering a
refractile material io containing a heterologous protein from a host
microorganism cell culture transformed to produce said protein, said
process comprising: (a) disrupting the cell wall and cell membrane of the
microorganism; (b) removing greater than 99% by weight of the salts from
said disruptate; (c) redisrupting the desalted disruptate; 15    (d) adding
a material to the disruptate to increase the density or viscosity of, or to
create a density or viscosity gradient in, the liquid within the
disruptate; and (e) separating the retractile material from the cellular
debris by high-speed centrifugation. In preferred embodiments step (b) is
accomplished by diafiltration or centrifugation and step (d) is
accomplished by increasing the density or viscosity of the liquid to within
certain specified ranges. 20        The present invention also relates to a
process for recovering a refractile material containing a heterologous
hydrophobic protein from a host microorganism cell culture transformed to
said protein, that encompasses not only steps (a) through (e) as outlined
immediately above but also comprises the following steps: (f) solubilizing
the refractile material under reducing conditions; 25    (g) organically
extracting the solubilized refractile material; and (h) isolating said
retractile material from the extractant. In preferred embodiments, step (f)
is accomplished with a solubilizing agent in an aqueous buffer in the
presence of a reducing agent, step (g) is accomplished by using 2-butanol
as the organic extractant; and step (h) is accomplished by employing an
acid precipitation step followed by centrifugation. J   30      Figure 1
depicts the general scheme used in Examples l-IV to isolate the
heterologous protein. Figure 2 depicts an alternative general scheme, as
used in Example V, to isolate a heterologous protein. Figure 3 is an
SDS-PAGE reducing gel showing the amount of interleukin-2 obtained at
various stages of the process of this invention. Figure 4 is a flow diagram
illustrating the details of each step of one of the preferred entire
processes 35 from fermentation of the host culture to lyophilization of the
formulated purified protein product. Figures 5A and 5B are flow diagrams
illustrating the details of each step of another preferred entire process
from fermentation of the host culture to Iyophilization of the formulated
purified protein product. These figures correspond to the procedure
followed in Example V. As used herein, the term "heterologous" proteins
refers to proteins which are foreign to the host cell 4o transformed to
produce them. Thus, the host cell does not generally produce such proteins
on its own. Such proteins are produced by recombinant DNA technology using
techniques well known in the art. The proteins herein are often also
hydrophobic, i.e., they are not soluble or not readily soluble in aqueous
medium under ambient conditions of room temperature and atmospheric
pressure at a pH of between about 8.5 and 7.8, i.e., at about neutral or
physiological pH. 45     The heterologous proteins are recovered from
refractile materials by the present process. The term "refractile" material
designates material or bodies which refract light and appear as bright
spots when viewed through a phase contrast microscope. Refractile material
is also known as "inclusion" bodies. Examples of heterologous proteins
which form refractile bodies in commonly found culture conditions include
interleukin-2 (IL-2), interferon-, (IFN-,e), envelope protein from feline
leukemia virus antigen (FeLV), 



6o human growth hormone (hGH), bovine growth hormone (bGH), porcine growth
hormone (pGH), and certain proteins coated or fused with a virus such as
FMD virus. Certain proteins, such as interferon-ct (IFN-a)- ,interferon-'y
(IFN-'y), and tumor necrosis factor (TNF), are more soluble in the
cytoplasm. The precise chemical structure of the protein will depend on a
number of factors. As ionizable amino and carboxyl groups are present in
the molecule, a particular protein may be obtained as an acidic or basic 55
salt, or in neutral form. All such preparations which retain their activity
when placed in suitable environmen- tal conditions are included in the
definition of proteins herein. Further, the primary amino acid sequence of
the protein may be augmented by derivatization using sugar moieties
(glycosylation) or by other sup- plementary molecules such as lipids,
phosphate, acetyl groups and the like, more commonly by conjugation 3    EP
0 206 828 B1 with saccharides. Certain aspects of such augmentation are
accomplished through post-translational processing systems of the producing
host; other such modifications may be introduced in vitro. In any event,
such modifications are included in the definition of protein herein so long
as the activity of the protein, as defined above, is not destroyed. It is
expected, of course, that such modifications may 5  quantitatively or
qualitatively affect the activity, either by enhancing or diminishing the
activity of the protein in the various assays. Further, individual amino
acid residues in the chain may be modified by oxidation, reduction, or
other derivatization, and the protein may be cleaved to obtain fragments
which retain activity. Such alterations which do not destroy activity do
not remove the protein sequence from the definition. 10     Finally,
modifications to the primary structure itself by deletion, addition, or
alteration of the amino acids incorporated into the sequence during
translation can be made without destroying the activity of the protein. For
example, if at least one cysteine residue which is not essential to
biological activity, is present in the biologically active protein, and is
free to form a disulfide link it may be deleted or replaced with another
amino acid to eliminate sites for intermolecular crosslinking or incorrect
intramolecular disulfide bond 15 formation. Such modified proteins, known
as 'muteins," are described in U.S. Patent No. 4,518,584 issued May 21,
1985. In another example, a conservative amino acid of a biologically
active protein such as IL-2 or IFN-,6 is substituted for each methionine
residue susceptible to chloramine T or peroxide oxidation, wherein
additional, non-susceptible methionine residues are not so substituted. A
conservative amino acid alteration in this context is defined as one which
does not adversely affect biological activity and involves neutral or 20
non-polar amino acid substitutions or deletion of the methionine. In a
preferred example of this embodiment the methionine at amino acid position
104 of IL-2 is replaced by an alanine residue. Preferably the protein
herein is IL-2 or IFN-fi. Most preferably the protein is unglycosylated
IL-2 which is produced by a microorganism that has been transformed with a
human IL-2 gene or a modification of the human IL-2 gene that encodes a
protein having: (a) an amino acid sequence that is at least substantially
25 identical to the amino acid sequence of native human IL-2 and (b)
biological activity that is common to native human IL-2. Substantial
identity of amino acid sequences means the sequences are identical or
differ by one or more amino acid alterations (deletions, additions,
substitutions) that do not cause an adverse functional dissimilarity
between the synthetic protein and the native human IL-2. Examples of such
proteins are the IL-2s described in European patent application 83101035.0
filed February 3, 1983 (published J  30  October 19, 1983 under publication
no. 91539) and European patent application 82307036.2 filed December 22,
1982 (published September 14, 1983 under no. 88195), the mutein IL-2s
described above, and the IL-2s described in the examples of this
application. As used herein the term "transformed" in describing host
microorganism cell cultures denotes a microorganism that has been
genetically engineered to produce a heterologous protein that possesses the
35 activity of the native protein. Examples of transformed microorganisms
are described in the examples of this application. Bacteria are preferred
microorganisms for producing the protein. Synthetic protein may also be
made by suitably transformed yeast and mammalian cells. E. coil is
particularly preferred. The transformed microorganisms are grown in a
suitable growth medium, typically to an optical density (OD) of at least
about 30 at 680 nm, and preferably between about 20 and 40 at 680 nm. The
composition 40 of the growth media will depend upon the particular
microorganism involved. The medium is an aqueous medium containing
compounds that fulfill the nutritional requirements of the microorganism.
Growth media will typically contain assimilable sources of carbon and
nitrogen, energy sources, magnesium, potassium 



and sodium ions, and optionally amino acids and purine and pyrimidine
bases. (See Review of Medical Biology, Lange Medical Publications, 14th Ed
pp. 80-85 (1980).) In expression vectors involving the trp 45 promoter, the
tryptophan concentration in the medium is carefully controlled to become
limiting at the time protein expression is desired. Growth media for E.
coil are well known in the art. After the cells are harvested from the
cultu~re,they may be concentrated, if necessary, to about 20 to 150 mg/ml,
preferably 80 to 100 mg/ml (00 40 to 300, preferably 160 to 200 at 680 nm)
by cross-flow filtration, centrifugation, or other conventional methods.
Preferably a compound which is non-toxic to 50 humans, such as 1-octanol,
in an amount of about 1% by weight of total components, is added to the
fermenter before or during cell concentration to ensure that no viable
recombinant organisms remain before cell membrane containment is broken.
Following concentration of the harvested culture, the cell membranes of the
microorganisms are disrupted. Conventional cell disruption techniques such
as homogenization, sonication, or pressure cycling 55 may be used in this
step of the process. Preferred methods are sonication or homogenization
with a homogenizer. The end point of the disruption step can be determined
by monitoring the optical density with the absorbance at 260 nM of the
suspension typically increasing with cell lysis. In any event, the
disruption should break substantially all of the cells so that
substantially no intact cells are carried through to the 4    EP 0 206 828
B1 solubilization step. Before the disruption, the pH of the liquid phase
of the concentrate is adjusted, if necessary, to a level that facilitates
removal of E. coli proteins in subsequent steps, while retaining the
heterologous protein as an insoluble complex in the cellular debris. The
steps in the recovery process subsequent to the disruption step are
primarily designed to separate 5  the refractile material from the other
contaminating proteins and other cellular debris. Using the process herein
the retractile bodies can be isolated from the cellular debris to obtain a
protein purity of about 50% by weight. Subsequent isolation and
purification of the protein using the preferred techniques herein may yield
a product of at least 95% purity, preferably at least 98% purity, in good
yields. Simultaneously, this purification process also reduces pyrogenic
substances in the final product to a level believed to be io acceptable for
parenteral administration to patients. After the cells have been disrupted,
deionized water is preferably added to the disruptate and greater than 99%
by weight of the salts are removed therefrom. The salts are water-soluble
materials composed of oppositely charged small molecular weight ions. The
removal of these salts to reduce the ionic strength of the disruptate may
be accomplished by diafiltration using deionized water to flush out the
ions or by 15 centrifuging to pellet the cellular debris and refractile
bodies followed by resuspension in deionized water. If diafiltration is
employed, preferably deionized water is continuously added such that the
rate of addition of water equals the filtration rate. After the salts are
essentially removed, optionally a compound such as 1-octanol may be added
to the desalted disruptate, if not added earlier, to ensure that no viable
recombinant organisms remain before 20 containment is broken. The desalted
disruptate is again disrupted as described above for the initial
disruption. After redisruption, density or viscosity is increased and/or a
gradient is created during centrifugation in the liquid within the
disruptate by adding a material to the disruptate. There are several means
to accomplish this purpose, all relying on the sedimentation
characteristics of the particles by varying the 25 density and/or viscosity
of the liquid phase. One means to accomplish this goal is to add a material
which increases the density of the liquid to a p of about 1.1 to 1.3 g/ml,
preferably 1.13 to 1.17 g/ml. Materials which may be used to accomplish
this density increase include a sugar or mixture of sugars, such as, e.g.,
sucrose, dextrose, fructose, maltose, maltotriose, and other mono-, di- or
polysaccharides. Most preferably the sugar is sucrose. Alternatively, a
two-phase system of materials such as, e.g., a K   30  glycerol/sucrose
mixture may be used wherein the disrupted particles partition to the
interface between the heavy and light phases and can be eluted by a
liquid/liquid separation. In addition, the viscosity of the liquid phase
may be increased to from 5 to 10 cps by any suitable means such as by
adding a viscous compound such as, e.g., sucrose or glycerol thereto. Also,
a gradient is created if, e.g., the particles are in a 60% aqueous glycerol
suspension while the centrifuge bowl contains 35 80% aqueous glycerol. 



In the final step of the abbreviated "front-end" process to recover the
retractile bodies, the retractile bodies containing the desired protein are
separated from the cellular debris by high-speed centrifugation. By
"high-speed centrifugation" is meant spinning the suspension in a
centrifuge at about 10,000 to 40,000 times gravity, preferably about
10,000-20,000 x g, for a suitable time period depending on the volume, 40
generally about 10 minutes to seventy-two hours. The density of the medium
will generally be too high to separate the particles by low-speed
centrifugation. Therefore, if the centrifugation is carried out at low
speeds (e.g., at 500 to 5,000 x g), satisfactory results are not obtained.
The exact centrifuge speed will depend on the protein and the final
concentration of material added to create the gradient (e.g., sucrose). For
example, interferon may require lower sucrose concentrations to obtain
maximal recovery, and thus the 45 centrifugation speed may be lowered, or
the centrifuge retention time decreased. Figure 1 illustrates one preferred
scheme for obtaining the desired protein contained within the refractile
bodies. In this scheme the cells containing refractile bodies are
concentrated by cross-flow filtration and disrupted. Then the disruptate is
diafiltered against deionized water to reduce the ionic strength of the
liquid and then redisrupted. Sucrose is then added to obtain a final
density of the liquid of p = 1.1 to 1.3. The 5o mixture is then centrifuged
using high-speed centrifugation to obtain a pellet containing the
refractile bodies and a supernatant which is discarded. This pellet can be
differentiated as the "particle pellet" or "particle paste" from that of
the "final" pellet or "final paste" resulting from the alternative,
expanded "front-end" process, described below. An alternative, expanded
"front-end" process to recover the refractile bodies is schematically
illustrated 55 in Figure 2. In this scheme, the particle pellet obtained
from the centrifugation step (6) in Figure 1 is solubilized, reduced and
then extracted from the aqueous medium with 2-butanol. The extractant phase
is then precipitated with an acid and centrifuged to produce a "final
pellet" or "final paste" which is then further purified as indicated.
Example V exemplifies the expanded front-end process. 5    EP 0 206 828 Bi
The particle pellet resulting from the centrifugation at the end of the
abbreviated front-end process contains approximately 15-70% by weight of
the desired heterologous protein as determined by Lowry assay [Lowry et aL,
J. Biol. Chem. (1951) 193:265-275]. Whereas the final pellet from the
expanded front- end process contains about 70-85% by weight of the desired
protein. 6     The alternative, expanded front-end process is distinguished
from the abbreviated front-end process in that it comprises several
additional steps as follows: solubilizating the retractile bodies under
reducing conditions; organically extracting the solubilized retractile
material; and isolating said refractile material from the extractant. These
alternative front-end steps can be done to promote recovery of any of the
above- mentioned candidate heterologous proteins that are deposited within
the host strain in retractile bodies. 70 Essentially, the enhanced purity
of the final pellet as opposed to the particle pellet lessens the purifying
burden of downstream processing. There is an interdependence between the
choice of the front-end process and later process purification steps to
achieve the desired purity level for the final product. Once the choice of
the particular front-end recovery of the retractile bodies has been made,
one skilled in the art can pick and choose the alternative purifying steps
outlined below to achieve the desired purity level of the 15 final product.
The organic extraction of the expanded front-end primarily effects a
partition of the hydrophobic proteins from the lipopolysaccharides and
nucleic acids of the aqueous and solid phases. Secondarily, said extraction
also removes some of the host cell's endotoxins and other proteins. The
isolation step, preferably by acid precipitation followed by
centrifugation, separates the retractile material from the organic
extractant 20 and other cellular debris. For solubilizing the particle
pellet of the expanded front-end, the following solubilizing agents can be
used: sodium dodecyl sulfate (SDS), sodium laurate, urea, sodium dodecyl
sulfonate, sodium decyl sulfate, sodium tetradecyl sulfate, sodium tridecyl
sulfonate, sodium myristate, sodium caprate, sodium dodecyl N- sarcosinate,
and sodium tetradecyl N-sarcosinate. Preferred solubilizing agents are SDS
or sodium laurate. 25 Most preferred is SDS. The solubilizing agent is in
an aqueous buffer, preferably phosphate buffered saline. The preferred
percentage of the solubilizing agent is in the range of 1% to 5% (w/v).
(Percentages herein reflect weight to volume ratios.) The most preferred
solubilizing solution is phosphate buffered saline with 2% SDS. 



Reducing agents that can be employed during the solubilization step
include: mercaptoethanol, K   30 glutathione, cysteine and dithiothreitol
(DTT). DTT is the most preferred reducing agent. The concentration of the
reducing agent in the medium will usually range between about 5 to 20 mM
with approximately 10 mM being the most preferred concentration. Reduction
conditions  may  also  include  the  addition  of a  chelating  agent such
as ethylenediaminetetraacetic acid (EDTA) in concentrations ranging between
1 and 5 mM with approximately 35 2 mM being the most preferred
concentration. It is also preferable to carry out the reduction at an
alkaline pH usually ranging between 8.5 and 9.5 with a pH of 9 being
especially preferred. The pH adjustment may be accomplished by the addition
of a base such as NaOH. Further, It is preferable to carry out the
reduction reaction at an elevated temperature, preferably at 45- 55' C and
most preferably 50 * C, under nitrogen to ensure efficient reduction of the
material. The reaction 40 will typically be run from between 5 and 15
minutes, most preferably for 10 minutes. After the reduction is complete,
it is usually cooled to approximately 25 C and the pH adjusted with an
acid, preferably glacial acetic acid, to a pH of between 7 and 7.8, most
preferably 7.4. Once said solubilization and reduction steps are complete,
the organic extraction is begun. The organic extractant can be 2-butanol,
2-methyl-butanol or mixtures thereof. Most preferably the 45 extractant is
2-butanol. The conditions for extraction would be those that maintain phase
separation between the aqueous medium and the extractant. The extractant
will normally be combined with the aqueous solution of the protein in
volume ratios in the range of about 0.8:1 to about 3:1, preferably about
1:1 (extractant: volume of the suspension). The extraction may be carried
out using conventional batch or continuous liquid-liquid extraction
techniques and 5o equipment. The extraction may be carried out at 200 C to
100' C and involve contact times in the range of about one minute to one
hour. Upon completion of the extraction, the aqueous phase and extractant
phase are separated, and then the desired protein is isolated from the
extractant phase. Various isolation techniques such as precipitation,
molecular sieve chromatography, affinity chromatography, and
electrophoresis can be employed. 55     A preferred isolation technique is
an acid precipitation step followed by centrifugation. The extracted
refractile material containing the desired heterologous protein is
precipitated from the extractant by mixing the extractant solution with an
aqueous buffer containing a solubilizing agent in a phosphate-buffered
saline under reducing conditions. The preferred solubilizing agent is SDS
at a concentration of from about .05 to    EP 0 206 828 Bi .2%, most
preferably at .1%. The reducing agent added to the organic extract/buffer
solution may be mercaptoethanol, glutathione, cysteine or dithiothreitol
(DTT), DTT being the most referred. The final concentration of the reducing
agent can be in the range of 1 mM to 5mM with 2mM of DTT being the most
preferred. 5     The pH of the organic extract/buffer solutions is then
reduced with an acid typically to the range of about 5 to 6.5. This pH
adjustment is most preferably carried out with glacial acetic acid to a pH
of about 6.2. The precipitated mixture is then centrifuged at a high speed,
preferably at 10,000 to 15,000 x g, preferably for a time period ranging
from 15 minutes to 10 hours, depending upon the size of the io fermentation
run. For a 1000-liter run, as exemplified in Example V, the preferred
centrifuging time would be 10 hours. Such centrifuging is the last step of
the expanded front-end process resulting in the final pellet or final
paste. Whether the abbreviated front-end or expanded front-end are the
choice for recovering retractile bodies containing the desired heterologous
protein, the next step in purification would be solubilization of 16 the
refractile bodies as noted below. After the last centrifugation step of
either the abbreviated front-end process or the expanded front-end process,
a pellet, particle or final, is the result containing retractile material
at different loads of purity, 15- 70% or 70-85% purity, respectively, of
the desired heterologous protein. Whether the abbreviated or expanded
version of the front-end process, the next step in the purification process
is the solubilization with 'Z'-   20 a denaturant of either the particle
pellet or the final pellet. The pellets containing the refractile bodies
obtained after centrifugation are preferably solubilized by contact with a
neutral aqueous buffer containing not only the protein denaturant
(solubilizing agent) but also 



a reducing agent. Surface active agents (detergents) which have a suitable
hydrophobic-hydrophilic balance to solubilize the hydrophobic protein may
be used as solubilizing agents. Strong protein denaturants such 26 as
alkali metal sulfates containing 10 to 14 carbon atoms and alkali metal
alkyl sarcosinates are preferred solubilizing agents, with SOS and sarcosyl
being particularly preferred. Optionally, said aqueous buffer can also
contain a chelating agent in a concentration of from 3 to 7 mM. Most
preferably, said chelating agent would be EDTA at a concentration of 5 mM.
The amount of solubilizing agent used in the solubilization will depend
upon the particular agent. When 30 SDS or sarcosyl is used, the preferred
concentration (wNV) of SDS/sarcosyl is 1-10% in buffer such as phosphate
buffered saline (50 mM sodium phosphate, pH 7, 0.9% sodium chloride).
Preferably the range of SDS would be from 2 to 7%, most preferably 5%. The
solubilizing medium may also contain a sufficient amount of reducing agent
to prevent the solubilized protein from undergoing oxidation to any
significant degree. Protein reducing agents such as dithiothreitol (DTT)
and 2-mercaptoethanol may be used for this 35 purpose. The concentration of
reducing agent such as DTT in the medium will usually range between about 5
to 30 mM, most preferably 20 mM. The solubilization will typically be
carried out at temperatures in the range of 20 * C to 25 * C with mixing to
facilitate contact between the solid phase and the solubilizing medium.
Optionally, a reduction step may be carried out at this point. The pH, if
necessary, may be adjusted to a range of 8 to 9, most preferably
approximately 8.5. The suspension may be heated to 50  40 5* C for 5 to 15
minutes under nitrogen. The reaction mixture would then be cooled to
approximately 25 * C. The solubilization is considered complete when the
sample has sat 15 minutes or the solution turns translucent Optionally at
this point, the insoluble material may be separated by centrifugation or
filtration after completing the solubilization. After the protein is
solubilized, the resulting suspension may optionally be centrifuged at
10,000-40,000 45 x g, preferably 25,000 to 35,000 x g, to obtain a pellet
containing, inter alia, additional host (e.g., E. coli) proteins, notably
including certain contaminants that have molecular weights very close to
that of the desired protein. The exact speed of centrifugation is not
critical, as most of the insoluble material will come out, even at low
speeds. The pellet is discarded and the supernatant containing the desired
protein is retained and processed to recover the desired protein.
Otherwise, after the solubilization or so solubilization/reduction step,
the pH of the suspension can be adjusted to a pH of approximately 5 to 6,
most preferably to 5.5 with glacial acetic acid, and then filtered. If a
reduction step was not carried out during the solubilization, the next step
in the process would be a reduction of the solubilized refractile body
protein. A preferred reducing agent is diothiothreitol (DTT) which for this
purpose may be added to a final concentration ranging from 10 to 100 mM,
most preferably from 20 65 to 50 mM. Reduction conditions may also include
the addition of a chelating agent such as ethylenediaminetetraacetic acid
(EDTA) in concentrations ranging between 1 and 5 mM. It is also preferable
to carry out the reduction at a somewhat alkaline pH usually ranging
between 8 and 9.5, with a pH of 8.5  0.1 being especially preferred. This
pH adjustment may be accomplished by the addition of a base such as 7    EP
0 206 828 B1 NaOH. Furthermore, it is also preferable to carry out the
reduction reaction at an elevated temperature under nitrogen to ensure
efficient reduction of the material. The reaction will typically be run at
45 to 55' C for 5 to 30 minutes under nitrogen. Especially preferred is a
reaction time of from 10 to 20 minutes. After the reduction is complete it
is usually cooled to about 25  C and the pH is adjusted to a range of 5 to
6 a  using an acid such as glacial acetic acid. Most preferably the pH
would be adjusted to 5.5. The next step in the process is to separate the
protein in the supernatant from any host contaminants remaining after the
centrifugation or filtration and optimally from the solubilizing agent. Gel
filtration chromatography, reverse-phase high performance liquid
chromatography (RP-HPLC), or a combination of gel filtration chromatography
and RP-HPLC, can be used. The gel filtration chromatography is preferably
lo carried out in two stages that remove both pyrogenic components and
protein contaminants having molecular weights higher or lower than that of
the protein. Gels that are capable of fractionating the solution to permit
separation of the protein from these contaminants are commercially
available. Sephacryle S-200 is a preferred gel for removing the higher
molecular weight components and Sephadex6 G-25, G-75 or G- 100 gels are
preferred for removing the low molecular weight contaminants. The gel
filtrations will typically is  be run in buffered solutions (pH 5.5 to 7.0)
containing about 0.1% to 1.5% solubilizing agent and about 0.5 



to 10 mM reducing agent. The column will be sized to permit suitable
resolution of the desired components. RP-HPLC is an alternative to gel
filtration. Also, RP-HPLC is capable of removing molecules from the
solution that have molecular weights close to the protein and cannot,
therefore, be removed completely by gel filtration. In addition,
contaminants such as bacterial endotoxin are also removed effectively by
RP- 20 HPLC. Therefore, RP-HPLC may also be used as a final purification
step after gel filtration. Supports (stationary phases) that provide good
resolution of proteins may be used in the RP-HPLC. C-4, C-8, or C-18 on 300
angstrom pore-size supports are examples of preferred supports. The
separation is carried out at a pH of approximately 5.5, In order to keep
the protein in solution. In this regard, the pH of the protein solution
will preferably be adjusted to this range. The solution is loaded into the
RP-HPLC column and is 25 adsorbed onto the stationary phase. A gradient
solvent system comprising an organic acid such as acetic acid or
trifluoroacetic acid and organic solvent such as propanol or acetonitrile
is used to elute the protein from the column. Acetic acid-propanol,
trifluoroacetic acid-propanol, and trifluoroacetic acid-acetonitrile are
preferred solvent systems. IL-2 elutes in the acetic acid-propanol system
at about 40% propanol, in the trifluoroacetic acid-propanol system at about
50% propanol, and in the trifluoroacetic acid-acetonitrile 3o system at
about 62% acetonitrile. For convenience, the organic solvent content of the
eluant will usually be increased rapidly to a level somewhat below the
solvent concentration at which the protein elutes followed by a slow
gradient change in the range of about 0.1% to 1.0%/min. As soon as the
protein is recovered from the chromatography step, it is lyophilized and
resuspended in a neutral aqueous buffer containing the reducing agent (to
keep the protein in a reduced state) and the 35 solubilizing agent (to keep
it in solution). The IL-2 is stable in this form and may be stored for
further treatment and formulation before being used. An alternative and
preferred procedure is to oxidize selectively, under controlled conditions,
the protein after it has been separated by gel filtration, as described in
U.S. Patent No. 4,572,798 filed December 6, 1984 and issued February 25,
1986 to K. Koths et al. (using an oxidation promoter containing a CU*2 4o
cation) and in U.S. Patent No. 4,530,787 filed October 17, 1984 and issued
July 23, 1985 to Z. Shaked et al. (using o-iodosobenzoic acid), the
disclosures of which are incorporated herein by reference and described
hereinbelow, and purify the oxidized product by RP-HPLC or gel filtration
followed by RP-HPLC. Preferred oxidizing agents for this purpose are CuCI2
and o-iodosobenzoic acid. The Cu*2 oxidation comprises reacting an aqueous
solution containing a solubilized form of the recombinant protein at a pH
between 45 about 5.5 and 9 in the presence of air with at least an
effective amount of an oxidation promoter containing a CU*2 cation.
Controlled oxidation 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 formation of nonconforming
bridging or oligomers. Such oxidation enables the production of high yields
of the recombinant protein in a configuration that most closely resembles
the configuration of its native coun- so terpart, thereby ensuring the
likelihood that the recombinant protein will be functionally equivalent to
the native protein. The amount of oxidant or 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. An effective amount is the amount
approximately equivalent to the concentration 55 of free sulfhydryl groups
on the protein which are destined to be involved in forming the desired
disulfide bonds. Preferably, the amount of CuC12 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. In the case of o- iodosobenzoic
acid the mole ratio of oxidant to protein will preferably be in the range
of about .05:1 to about 8    EP 0 206 828 B1 5:1, most preferably about
.8:1 to about 1:2. The concentration of protein in the reaction mixture is
kept low, i.e., 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, to reduce
the likelihood of oligomer formation. The pH of the reaction medium for
Cu*2 oxidation is generally maintained at a level between about 5.5 5  and
9, preferably 6 and 8, and more preferably about 7. The pH of the reaction
medium for o-iodosobenzoic acid is maintained at a level at least about
one-half pH unit below the pKl of the cysteine residues being oxidized.
When the pKas of these residues differ, the pH is preferably maintained at
least about one-half pH unit less than the pK( of the cysteine residue
having 



the lowest pKa. Control of the pH in this manner for o-iodosobenzoic acid
oxidation controls the amount of 1o nonionized thiol, thereby controlling
the rate of the reaction and favoring the formation of the desired
disulfide bridging. For recombinant IFN-# the pH for o-iodosobenzoic acid
oxidation is maintained between 6 and 9, preferably 7.0 and 9.0. For
recombinant IL-2, it is maintained between 5.5 and 9, preferably 7.0 and
8.0. The reduced, cloned protein, which is less soluble than the oxidized
form of the protein, generally must is remain in solution, i.e., be in
solubilized form, for effective oxidation to occur. Therefore, the reaction
mixture with Cu 2 will preferably also contain at least an effective amount
of a solubilizing agent to prevent the protein from precipitating out of
solution. As used herein, the term "solubilizing agent" refers to an ionic
or 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 .05 to about 1% by 20
weight per volume (for detergents), most preferably .1% or about 5-9M (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 mixture, the reaction
temperature, and the types of reagents. The reaction temperature will
normally be between about 20' C and 40 C, conveniently room temperature, to
maintain the solubilizing agent/protein 25 mixture in solution. For Cu 2
oxidation, increasing the reaction temperature increases the rate of
reaction. The oxidation reaction may be effectively terminated by, e.g.,
lowering the pH to a level at which the reaction ceases, freezing the
solution, or adding chelators such as EDTA to the reaction mixture.
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
30 side products and any residual reduced protein using protein
purification procedures such as reverse phase high performance liquid
chromatography (RP-HPLC). The purity of the protein after the
chromatography step(s) is at least about 95% and usually at least about
98%. This highly pure material contains less than about 5 ng endotoxin,
usually less than about 0.01 ng endotoxin per 100,000 units protein
bioactivity. 35     The formulation of the protein in accordance with this
invention may be carried out as a separate operation using purified,
selectively oxidized protein or in an operation that is integrated with the
purification of the selectively oxidized protein. In the latter case, the
starting material for the formulation is a protein- containing product from
a RP-HPLC treatment of the selectively oxidized product. Preferably a
product selectively oxidized by the RP-HPLC product (pool) will comprise a
solution of the protein in a water-organic 40 solvent mixture. The nature
of the organic solvent will depend upon the solvent system used in RP-HPLC.
Examples of systems that may be used are combinations of an organic acid
such as acetic acid or trifluoracetic acid and organic solvent such as
propanol or acetonitrile. Optionally, the first step in one formulation of
the protein from such an RP-HPLC pool is to render the mixture aqueous by
resuspending (diluting) the pool in an aqueous buffer containing a
detergent, such as 45 SDS or sarcosyl, which enhances the solubility of the
protein in water. Following this dilution the organic phase is removed from
the protein-containing aqueous phase and the detergent concentration is
reduced by diafiltration using an appropriate buffer. When SDS is used, the
SDS is reduced to a level of about 100 to 250, preferably approximately
200, uag/mg when IL-2 is used as protein. Following diafiltration, the
protein concentration is readjusted to a concentration in the range of
about 0.01 to 10 mg/ml depending mainly on so the protein and its intended
use, preferably 0.01 to 2 mg/ml for IL-2, and the water-soluble carrier is
added to the desired level. The carrier will typically be added such that
it is present in the solution at about 1 to 10% by weight, preferably about
5% by weight. The exact amount of carrier added is not critical.
Conventional solid bulking agents that are used in pharmaceutical tablet
formulation may be used as the carrier. These materials are water soluble,
do not react with the protein, and are themselves stable. They 55 are also
preferably non-sensitive to water (i.e., nonhygroscopic). Specific examples
of carriers that may be added include dextrose, lactose, mannitol, and
other reduced sugars such as sorbitol, starches and starch hydrolysates
derived from wheat, corn, rice, and potato, microcrystalline celluloses,
and albumin such as human serum albumin. Mannitol and dextrose are
preferred. 9    EP 0 206 828 B1 The carrier adds bulk to the formulation
such that when unit dosage amounts of the solution are 



Iyophilized in containers, such as sterile vials, the freeze-dried residue
will be clearly discernible to the naked eye. In this regard the preferred
carrier, mannitol, yields an aesthetically acceptable (white, crystalline)
residue that is not sensitive to water. The nonsensitivity of mannitol to
water may enhance the 5  stability of the formulation. Alternatively, the
first step in another preferred formulation of the desired protein is a
stabilization step. Alpha-interferons and native beta-interferons are not
lipophilic proteins. Therefore, they can be stabilized and solubilized by
adding a stabilizer such as human serum albumin at a physiological pH. In
contrast, lipophilic proteins such as recombinant beta-interferon and
interleukin-2 are not solubilized by addition of io human serum albumin at
pH 6.8-7.8. EP 158,487 (published October 16, 1985) describes an IL-2
composition comprising human serum albumin, a reducing compound or a
combination thereof. The pH is adjusted to the range of 3 to 6 as a
solution. Such a formulation route is considered as an alternative for the
formulation of the heterologous proteins recovered by the processes of the
present invention. 15     There are other preferred processes of
formulating into stable pharmaceutical compositions lipophilic recombinant
proteins, such as human ,-interferon and interleukin-2, that have been
recovered and purified from host microorganisms. For example, a composition
can be formulated that carries a therapeutically effective amount of a
biologically active recombinant lipophilic protein in a non-toxic, inert,
therapeutically compatible aqueous-based carrier medium at a pH of 6.8 to
7.8 also containing a stabilizer for the protein, 20 such as human serum
albumin, normal serum albumin and human plasma protein fraction.
Alpha-interferons and native beta-interferon are not lipophilic proteins.
Therefore, they can be stabilized and solubilized by adding a stabilizer
such as human serum albumin directly to the formulation at physiological
pH. In contrast, lipophilic proteins such as recombinant beta-interferon
and interleukin-2 are not solubilized by addition of human serum albumin at
pH 6.8-7.8. The pH of the purified protein pool can 25 initially be
adjusted to about 2 to 4, adding the stabilizer previously adjusted to a pH
of 2 to 4, optionally incubating the mixture and raising its pH to 6.8 to
7.8. Incubation time depends mainly on the type of protein, type of
stabilizer, exact pH, and concentrations of protein and stabilizer, and
typically ranges from 0-100 minutes, preferably 10-100 minutes, more
preferably 15-60 minutes, and most preferably 15-45 minutes. 30    In
another method where the pH is low for formulation, the stabilizer and
protein pool are mixed together and the pH of the mixture is adjusted to 2
to 4, and the pH is raised, gradually or at once, to 6.8- 7.8. Thus, for a
lipophilic heterologous protein, such as, recombinant p-interferon, once
the protein has been purified by, for example, gel chromatography as the
last purification step, the following formulation steps 35 can be taken:
(1) collecting the eluate containing the purified heterologous lipophilic
protein; (2) adjusting the pH of the eluate to about 12; (3) diafiltering
the solution containing the heterologous lipophilic protein at a pH of
about 11 against pure water or H20-ethanol mixtures adjusted to a pH of
about 11; 40   (4) adjusting the pH of the diafiltrate to about 12 and
stabilizing (and thereby solubilizing) the protein by the addition of a
0.5-10% by weight solution of dextrose and human serum albumin adjusted to
a pH of about 12, and maintaining a pH of 12 for 1-15 minutes; (5)
adjusting the pH of the solution to physiological pH; (6) Iyophilizing the
protein sample, if desired; and 45   (7) reconstituting the Iyophilized
protein sample, if desired. Generally, proteins are susceptible to
denaturation, peptide bond hydrolysis, hydrolysis of individual amino
acids, p-elimination, racemization, formation of different amino acids and
similar reactions in the high alkaline pH range; but with lipophilic
heterologous proteins, such as recombinant ,-interferon, none of the
degradative reactions enumerated above are detected. On the other hand,
when the protein is diafiltered at so a pH of about 11, the resulting
recombinant protein, for example, p6-interferon, is pure and homogeneous
and exhibits high specific activity, close to that of the native protein,
as native p-interferon. Another formulation process for lipophilic
heterologous proteins, such as recombinant pl-interferon or interleukin-2,
comprises the following steps once the proteins have been recovered and
purified: (1) desalting the protein by G25 chromatography at pH 9.2-11; 55
(2) adjusting the pH of the desalted pool to about 3.5; (3) adjusting the
pH of a solution of human serum albumin or plasma protein fraction to pH
3.5; (4) adding the human serum albumin or plasma protein fraction to the
desalted pool and incubating for 



15-45 minutes; 10    EP 0 206 828 B1 (5) Iyophilizing the protein sample,
if desired; and (6) reconstituting the Iyophilized protein sample, if
desired. In a further formulation process, the heterologous lipophilic
proteins are recovered and purified, and then the following steps are
carried out: 5    (1) desalting the protein by G25 chromatography at pH
9.2-11; (2) adding human serum albumin or plasma protein fraction to the
desalted pool to form a mixture; (3) lowering the pH of the mixture to 3-4;
(4) incubating the mixture for 15-45 minutes; (5) Iyophilizing the protein
sample, if desired; and 10   (6) reconstituting the Iyophilized protein
sample, if desired. Thus, once the protein has been isolated, it is then
solubilized in an aqueous-based carrier medium using a stabilizer as
described above. The stabilizer, however, cannot merely be mixed with the
protein for solubilization to occur. First, the pH of the stabilizer must
be raised to between 10.5 and 12.5 using a suitable base, preferably about
12, then the stabilizer is added to the diafiltered protein pool which is
at pH i5  10.5-pH 12.5, and finally the pH of the resulting formulation is
lowered to between about 6.8 and 7.8. Upon lowering the pH, the protein
becomes solubilized in the medium. In another method, once the SDS is
removed by a desalting column, the pH of the eluate is adjusted to 2 to 4,
the pH of a stabilizer is adjusted separately to pH 2 to 4, the stabilizer
is added to the eluate, the mixture is optionally incubated for generally
about 10-100 minutes, depending on the factors described 20 above, and the
pH is adjusted to between 6.8 and 7.8. The carrier medium used for the
formulation for therapeutic or clinical administration may be any non-
toxic, inert and aqueous-based vehicle such as those commonly used to
formulate pharmaceuticals for animal or human administration. The carrier
also is selected so that it does not affect the biological activity of the
lipophilic protein. 25     Examples of such carriers include distilled
water, physiological saline, Ringer's solution, dextrose solution, and
Hank's solution. The same carriers can be used to reconstitute Iyophilized
lipophilic protein. The type of stabilizer employed and the concentration
thereof will depend mainly on the pH method and formulation employed and on
the protein. For example, HSA, or a mixture of HSA and dextrose is
preferred for high pH formulations and formulations treated at low pH using
a mutein of IL-2. However, for i   3o  low pH formulations using
IFN-",8eri7, PPF is preferred. PPF is commercially available and is
composed of at least 83% albumin and no more than 17% globulins (a and e);
no more than 1% of the proteins are gamma-globulins. The a- and #-globulins
in blood plasma serve several functions, one of which is to hold in stable
aqueous solution relatively insoluble blood components, including
cholesterol, fat-soluble vitamins, and hormones. Carbohydrate stabilizers
can only be used in formulations maintained/lyophilized at pH 2-4. 35
The final concentration of stabilizer generally may range from 0.1-10%
(whv) depending mainly on the protein and type of stabilizer and the pH
employed, with higher ranges preferred for low pH. A range of 0.5 to 10%
(wh) is typical for HSA and 6-HIFN; 0.1 to 5% (w/v) is typical for PPF with
,8-HIFN and IL-2; and 0.5-10% (w/v) is typical for HSA with IL-2. U.S.
Patent No. 4,462,940, filed May 18, 1983, and issued July 31, 1984 to
Hanisch et al., outlines a 4o high pH formulation process, and the
formulation aspects thereof are herein also incorporated by reference.
After adding the carrier the unit dosage amounts (i.e., for IL-2 volumes
that will provide 0.01 to 2 mg, preferably 0.2 to 0.3 mg, IL-2 per dose) of
the solution are dispensed into containers, the containers are capped with
a slotted stopper, and the contents are Iyophilized using conventional
freeze-drying conditions and apparatus. 45     The Iyophilized, sterile
product consists of a mixture of (1) protein, (2) carrier (dextrose or
mannitol), (3) detergent (SDS), and (4) a small amount of buffer that will
provide a physiological pH when the mixture is reconstituted. The product
may also contain a minor amount of a preservative to enhance chemical
stability. If the protein is IL-2, the recombinant IL-2 will typically
constitute about 0.015% to 3.85% by weight of the mixture, more preferably
about 0.4% to 0.6% of the mixture. Storage tests of this product indicate
that the 50  IL-2 is stable in this form for more than three months at 2 C
to 8 C. 



The Iyophilized mixture may be reconstituted by injecting a conventional
parenteral aqueous injection such as distilled water for injection,
Ringer's solution injection, Hank's solution injection, dextrose injection,
dextrose and salt injection, physiological saline injection, or the like,
into the vial. The injection should be added against the side of the vial
to avoid excess foaming. The amount of injection added to the vial will 55
typically be in the range of 1 to 5 ml, preferably 1 to 2 ml. In an
alternative formulation method, a hydrophobic protein may be solubilized,
not by a detergent, but by reacting the protein with an activated
homopolymer selected from polyethylene glycol, polypropylene glycol or
polybutylene glycol, said homopolymer having a molecular weight of from 500
to 20,000 daltons,    EP 0206828 B1 preferably 2000 to 10,000 daltons. The
homopolymer is activated by conjugation with a coupling agent having
terminal groups reactive with both the free amine or thiol groups of the
protein and the hydroxyl group of the homopolymer. Examples of such
coupling agents include hydroxynitrobenzene sulfonic ester, cyanuric acid
chloride, and N-hydroxysuccinimide. This modification eliminates the
necessity for adding s  detergents to solubilize the protein at
physiological pH. The protein is then formulated directly with the
water-soluble carrier and buffer as described above, the formulation is
Iyophilized, and the Iyophilized mixture may be reconstituted as described
above. Figure 4 illustrates a flow diagram of one preferred scheme for
obtaining the desired protein, from fermentation to Iyophilization. Figures
5A and 5B illustrate another preferred scheme. 70    The reconstituted
formulation prepared as described above is suitable for parenteral
administration to humans or other mammals in therapeutically effective
amounts (i.e., amounts which eliminate or reduce the patient's pathological
condition) to provide therapy thereto, the type of therapy being dependent
on the type of protein. For example, IL-2 therapy is appropriate for a
variety of immunomodulatory indications such as T cell mutagenesis,
induction of cytotoxic T cells, augmentation of natural killer cell
activity, induction of IFN- 15 gamma, restoration or enhancement of
cellular immunity (e.g., treatment of immune deficient conditions), and
augmentation of cell-mediated anti-tumor activity. IFN-ft therapy is
appropriate for anti-cancer, anti-viral and anti-psoriasis treatment. The
following examples further illustrate the invention process. These examples
are not intended to limit the invention in any manner. In these examples
all temperatures are in degrees Celsius unless otherwise v  20 indicated.
EXAMPLE I PROCEDURE FOR THE PURIFICATION OF REFRACTILE BODIES 25 A. Cell
Growth E. coli K-12/MM294-1, which were deposited with the American Type
Culture Collection in Rockville, MD under ATCC No. 39,515, and were
transformed with recombinant plasmid pBR322 carrying heterolo- J 30 gous
genes under E. coli trp promoter-operator control, exemplified below, were
grown in a 10- or 1000-liter fermentor at 37 C. The dissolved oxygen was
maintained at about 40% by, as necessary, 1) increasing agitation; 2)
adding air; and 3) adding oxygen. The growth medium was the following:
Ingredient                 Concentration (NH4)2S04                     72
mM KH2PO4                        21 mM MgSO4 *7H20                    3 mM
Na9 citrate *2H20             1.5 mM 40                          MnSO4
04H20                    30 aM ZnSO4 *7H20                   30 LM CuSO4
*5H20                    3aM L-tryptophan                 70 mg/L FeS04
*7H20                   72 uM 45                         thiamine * HCI
20 mg/L glucose                         5 g/L tetracycline
5 mg/L pH controlled at 6.8 with KOH 50    A glucose feed was also employed
to maintain glucose concentration between 5-10 g/L. The inoculum 



was 2 mg/L from either frozen or seed cultures. Induction of heterologous
protein production by depletion of L-tryptophan from the culture medium
occurred at about OD690 = 10 followed by the addition of casamino acids to
a final concentration of 2% at 006s0 = 15. Cultures were harvested 3-5
hours later. B. Isolation of Heterologous Protein The general purification
scheme for a heterologous protein utilizing refractile body isolation is
diagram- med in Figure 1. The selection of the denaturing agent in
solubilizing the desired protein from the inclusion 12    EP 0 206 828 Bi
body preparation as well as the additional steps required in the
purification process will be dependent upon the nature of the protein and
have been described to some extent by Marston, et al. supra and Kleid, et
al., supra. Details of the invention, however, will be similar in all cases
and are described below. 5  1. 10-L Scale After a 10-L fermentation, cells
were concentrated about 10-fold using a hollow fiber membrane cartridge. In
addition, cells were washed with 1 L of deionized water. EDTA was added to
25 mM and cells were disrupted by 3 passes at 7500 psi in* the homogenizer
with brine cooling. The system was rinsed with lo 0.5 L deionized water and
deionized water was added to a final volume of 3 L (Disruptate 1). This
lysate was concentrated to 2 L in a housing with a cassette (0.45 micron)
followed by diafiltration versus 5 volumes of 5 mM EDTA (diafiltered
disruptate). The retentate was concentrated to approximately 1 L and the
system was rinsed with 0.5 L deionized water. The concentrated retentate
was redisrupted by 5 passes at 7500 psi in the homogenizer with brine
cooling to ensure complete cell lysis (Disruptate 2). 75    The homogenizer
was rinsed with an equal volume plus 0.1 L 63% sucrose and 2 mM EDTA
resulting in about 33-35% final sucrose composition. The final solution
density should be between 1.1 and 1.25 g/ml. The temperature and weight of
a 10 ml sample of a disruptate was recorded. A temperature of at least 20*
C was maintained prior to centrifugation. The mixture was centrifuged at
12,000 x g at 75 mIs/min  5 mis/min. The supematant was hazy but not turbid
(Supernatant 1). i    20     The supernatant was decanted and the pellet
was removed into a beaker and weighed. The pellet was resuspended in 1.5 L
10 mM EDTA with a probe (Resuspension 1) and recentrifuged at the same
temperature and flow rate used previously. The supematant was again
decanted (Supernatant 2) and the pellet containing purified refractile body
particles (Final Pellet) was stored as frozen paste at -80 C. Refractile
particle preparations were characterized by Lowry assay of total protein
bioactivity, SDS-PAGE, 25 and lipopolysaccharide assay. 1. 1000-L Scale The
purification scheme for the isolation of refractile bodies from 1000-L of
culture is essentially the KJ    0o same as that described for the 10-L
scale except for the use of larger scale equipment. Cultures were
concentrated by cross-flow filtration using a spiral cartridge. Cells were
disrupted by 3 passes through a disruptor at about 6500 psi. After
diafiltration versus deionized water, EDTA was added to a final
concentration of 2 mM. To ensure that no viable recombinant organisms
remained before containment was broken, 1 L of octanol was also added to
the fermenter. After several hours, the diafiltered disruptate was 35 again
disrupted by one pass through the disruptor. Sucrose was added to the
disruptate to give a final density between 1.1 and 1.25 g/ml. A temperature
of at least 20 C was maintained prior to and during centrifugation. The
mixture was centrifuged at 10,000- 20,000 x g at 1-2 1pm. The resulting
pellet containing purified refractile body particles was stored as a frozen
paste at -80' C. The refractile body preparation was subsequently
characterized by Lowry assay of 40 total protein, bioactivity, SDS-PAGE,
and lipopolysaccharide assay. EXAMPLE II PURIFICATION OF INTERLEUKIN-2
(IL-2) CONTAINING REFRACTILE BODIES 45 E. coli K12/MM294-1 cells carrying
pLW45 (ATCC #39,626) as described in commonly owned copending U.S. Patent
Application Serial No. 661,902, filed October 17, 1984 to Z. Shaked et al.,
were grown as described in Example l(A). Retractile bodies were purified by
the method detailed in Example l(B). 5o A. 10-L Scale The preparation of
refractile bodies is characterized at each step of the purification in
Table I. Generally, IL-2 protein represents about 50% of the total protein
in the purified particles. The other 50% is presumably 



contributed by E. coli cellular proteins. The Lowry data shown in Table I
were some 20% higher than 55 normal due to alo~wBSA standard, thus
resulting in a lower apparent IL-2 contribution to the total particle
protein. From densitometry scanning of SDS-PAGE resolution of refractile
body protein, lL-2 may represent as much as 85% of the total refractile
body protein. This is generally a less accurate means of estimating
refractile body protein composition since densitometric absorption depends
on the amount of Coomassie 13    EP 0 206 828 BI dye bound to a protein
which varies among different proteins (per unit mass). At any rate, the
majority of E. coli proteins found in the refractile bodies are of a much
higher molecular mass than the 14.4 kd IL-2 protein and can therefore be
removed more easily by alternative methods. The recovery of IL-2 from cell
harvest to the particle paste comprising refractile bodies was about 50% 5
in the example shown in Table I. By washing carefully during the
processing, recoveries may reach as high as 70%. These results are compared
to the recoveries by the currently used process, which range from 20- 25%.
Furthermore, a purification of about 7.4-fold was also achieved.
Lipopolysaccharide assay results indicate that endotoxin levels in the
resuspended particle pellet were about 2-20 iug/ml (or about 40-400 ng/mg)
protein. 10 15 K    20 25 j30 35 40 45 50 55 14    EP 0 206 828 B1 g  OU. I
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0~~~C   0   to  4n K In C 5s B. Higher Specific Activity IL-2 in the
Refractile Body Purification of this Invention Purification of refractile
bodies from the same fermentation by the method described herein as well as
by the method described by Marston et al. gave the following results: 15
EP 0 206 828 BI TOTAL PROTEIN   BIOACTIVITY   SPECIFIC ACTIVITY (MG/MI)
(UNITS/ML)        (UNITS/MG) INVENTION REFRACTILE BODY PELLET
7.1           2.9 x 106        4.1 x 105 5   MARSTON REFRACTILE BODY PELLET
42.5           2.1 x 105        5.0 x 104 Thus, it is apparent that (1) the
additional diafiltration versus deionized water to remove particle
associated contaminants and (2) the increased density due to sucrose
addition to keep material less dense than refractile bodies from pelleting
result in a specific activity of IL-2 over eight times higher than obtained
with 0 the previous method. C. 1000-L Scale The preparation of retractile
bodies is characterized at several steps of the purification in Table II,
which represents a first run. Again as in the case of the 10-L growth, IL-2
represents approximately 50% (53.5%) of the total refractile body protein.
The final specific activity is slightly lower than, but within experimental
variability of, that obtained in the 10-L preparation. Table IlIl shows the
recovery of IL-2 from the harvest to the final refractile body pellet
obtained after centrifugation of the sucrose suspension at 10,000-20,000 x
g. K    20  Some 11.3% of the initial IL-2 protein as estimated by
densitometry scanning of SDS-PAGE separated proteins was recovered while
about 25% of the initial IL-2 bioactivity was recovered. In the second run
indicated in Tables IV and V and in Figure 3, the IL-2 represented
approximately 50% (45.7%) of the total retractile body protein, and about
17-23% of the initial IL-2 bloactivity and protein, respectively, was
recovered. 25     SDS-PAGE (15%, reducing) analysis of the material at each
step of retractile body purification is shown in Figure 3. Lane A of the
SDS-PAGE contains molecular mass markers of 94, 67, 43, 30, 20, and 14.4
kilodaltons from top to bottom. Lanes B-E each contain 20 ag of protein
from the cell culture harvest, the concentrated culture, the disruptate,
and the diafiltrate, respectively. Lanes F-H each contain 15 iig of protein
showing the two supernatant fractions from the first centrifugation (5 ag
each of the first refractile body pellet are in lanes I and J), and the
supernatant from the second centrifugation (5 iLg of the second K9i 30
retractile body pellet are shown in lane K). Lanes L, M, and N contain 3.6,
1.8, and 0.9 Lag, respectively, of purified IL-2 as a standard. The
SDS-PAGE indicates that by Lanes I and J representing the first refractile
body pellet, the IL-2 is markedly more free of high molecular weight
contaminants. The percentages for recovery indicate a somewhat lower yield
of IL-2 in the scaled-up procedure, which is not unexpected due to
extensive apparatus involved in processing such large volumes. Recoveries
would be expected to improve upon further refinement of the procedure. For
example, preliminary results obtained 



from the fermentation and purification run described in Tables IV and V by
the SDS-PAGE suggest that a second centrifugation of the sucrose
supernatant yielded pellets with additional refractile bodies. As much as
50-80% of the first pellet mass may be obtained by additional
centrifugation. Initial characterizations of 40 this material indicated
that it had a purity comparable to that of the first pellet (see Figure 3,
lanes J and K). The figure shows that the IL-2 appears to be quite pure in
the disruptate pellet. Estimates of recovery of IL- 2 may be as high as
about 50%. The majority of the contaminating E. coli proteins are of much
higher molecular weight, thereby facilitating further purification of the
desired product. The cost reduction and ease in handling realized with the
refractile body purification process herein compared with the previously
utilized 45  process further enhances its value. 50 55 16    EP 0 206 828
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INTERLEUKIN-2 (IL-2) 55 Following the isolation of the particle paste
containing refractile bodies described in Example lI.C., the paste was
further processed to obtain highly purified IL-2 protein. Initially, the
paste was solubilized in phosphate buffered saline containing 5% SDS. The
solubilized material was centrifuged at 25,000-35,000 x 18    EP 0 206
828EB1 g to remove insoluble materials. The supernatant from the
centrifugation was reduced by the addition of solid DTT to a final
concentration of 50 mM and of EDTA to 2 mM. The pH of the solution was
adjusted to 8.5  0.1 with NaOH and then heated to 50 I 5 * C for 20 minutes
under nitrogen. Following the reduction, the reaction was cooled to about
25 C and the pH was readjusted to 5.5  0.1 using glacial acetic acid. 6
Chromatographic separation of the higher molecular weight contaminants was
achieved next using a SephacrylO S-200 column. The solubilized and reduced
refractile body protein was loaded onto the column and fractions were
collected into clean, depyrogenated vessels using an elution buffer
containing 50 mM acetate pH 5.5, 1 mM EDTA and 0.1% SDS. Peak fractions
(those falling within 70% of the maximum peak height) were pooled and
subjected to a controlled oxidation as follows: The S-200 protein pool and
lo iodosobenzoic acid, in a molar ratio of 1:1.6, respectively, were added
to a reaction vessel containing 10 mM sodium phosphate, 0.1% SDS and 1 mM
EDTA. The pH was controlled at 7.8  0.2 with 0.5 N NaOH during oxidation
and adjusted to 5.5 t 0.2 when oxidation was completed. Since oxidized IL-2
is more hydrophilic than reduced IL-2, the progress of the oxidation
reaction was monitored by RP-HPLC. Oxidized IL-2 was concentrated using a
hollow fiber ultrafiltration unit with a 10,000 molecular weight 1s cutoff.
The protein was then diafiltered against 0.1 % SDS, 50 mM acetate pH 5.5
and 1 mM EDTA for three volume exchanges. In preparation for the subsequent
HPLC purification, the pH of the diafiltered protein was lowered to 3 or
less using glacial acetic acid and filtered through a 0.45 am filter.
Preparative HPLC using a Vydac C4 bonded phase silica gel column supplied
with two solvents was the next step in the IL-2 purification scheme.
Solvent 1 was 6% acetic acid and 10% 2-propanol in distilled i>  20 water,
and solvent 2 was 6% acetic acid and 94% 2-propanol in distilled water.
After pumping solvent 1 for 30 minutes, the acidified IL-2 protein was
loaded. The column was developed with a gradient of solvents 1 and 2 and
the protein which eluted at about 40% solvent 2 was pooled into a
depyrogenated graduated cylinder. Pooled protein was diluted by slowly
adding it to a stirred buffer solution containing 50 mM acetate pH 5.5, 1
mM EDTA and 0.1% SDS that had 14 times the volume of the HPLC pool.
Dilution was required 25 due to the sensitivity of the hollow-fiber
ultrafiltration unit used for concentration in the next step to organic
solvents present in the HPLC pool. The diluted HPLC pool was concentrated
using a hollow-fiber ultrafiltration unit with a 10,000 molecular weight
cutoff. The concentrate was diafiltered against 50 mM acetate pH 5.5, 1 mM
EDTA and 0.1% SDS with three volume exchanges. 30    The final
chromatographic step in the purification of IL-2 involved a second
SephacrylS S-200 column. The primary objective of this column was to
separate the IL-2 monomer fractions from higher molecular weight oligomers
of the protein. The column was eluted with buffer containing 50 mM acetate
pH 5.5, 1 mM EDTA and 0.1% SDS, and IL-2 monomer fractions were pooled.
Immediately preceding formulation, the protein was diafiltered against 10
mM sodium phosphate pH 7.5 until the SDS level was in the range of 100- 35
200 Lag/mg protein. Purified IL-2 was formulated in 10 mM sodium phosphate
pH 7.5 with 5% mannitol (w/v). It was prefiltered through a 0.45 um filter
and sterile filtered through a 0.22 im filter. Finally, the product was 



Iyophilized to dryness in the container vial for storage at 4 C. The
purified and formulated IL-2 protein produced in this manner was found to
be 97% pure by HPLC and 99% pure IL-2 monomer by either 40 reduced or
non-reduced SDS-PAGE. The specific activity was 2.3 x 106 units/mg protein
and the level of residual SDS was 181 ig SDS/mg IL-2, 100-200 1ig SDS/mg
IL-2 being required to maintain the desired IL- 2 solubility. The
amino-terminal amino acid sequence and the amino acid composition of the
final product agreed with theoretical predictions. 45 EXAMPLE IV
PURIFICATION OF HUMAN FIBROBLAST INTERFERON (IFN-P) CONTAINING REFRACTILE
BODIES E. coli K12/MM294-1 cells carrying pSY2501 (ATCC #39,517) as
described in U.S. Patent No. 50 4,518i8,59assigned to Cetus Corporation,
were grown as described in Example 1 (A). A. Purification of Refractile
Bodies Refractile bodies were purified by the method detailed in Example
l(B)(1) with some modifications. Cells 56 were disrupted in the homogenizer
by three passes at 7500 psi. The system was rinsed with deionized water and
the lysate was brought to a final volume of 5 L with deionized water
(Disruptate 1). Diafiltration versus five volumes of deionized water
(diafiltered disruptate) was followed by concentration of the cell particle
material and a rinse of the system with 0.75 L 10 mM EDTA. The final volume
of this diafiltered 19    EP 0 206 828 B1 cellular concentrate was 2.1 L.
The concentrate was redisrupted by three passes at 7500 psi in the
homogenizer, and an equal volume of 63% sucrose and 2 mM EDTA was added to
give a volume of 5.0 L (Disruptate 2). The mixture was centrifuged at
40,000 rpm in a Sharples centrifuge at about 100 ml/min. The system was
rinsed with 1.0 L 10 mM EDTA. The final pellet containing purified
retractile body particles 5  (Final Pellet) was stored as a frozen paste at
-80 C. B. Characterization of Refractile Body Preparation The preparation
of refractile bodies is characterized at each step of the purification in
Table VI. It to appears that IFN-,p 20 25 30 35 40 45 50 55 20    EP
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EP 0 206 828 B1 contaminants are of a much higher molecular mass and can
therefore be removed more easily by alternative methods. Furthermore, this
simple, high-recovery "front end" process for recovering recombinant IFN-8
does not require the use of an aliphatic alcohol to extract this
lipophiilic protein from the aqueous medium in which it is produced. The
next example illustrates the further developed high-recovery "front 5  end"
process wherein an organic extraction is employed. EXAMPLE V PURIFICATION
OF HUMAN FIBROBLAST INTERFERON (IFN-h) CONTAINING REFRACTILE BODIES 10 This
example delineates the alternative expanded front-end process for recovery
of the final pellet containing refractile bodies having approximately 80%
(81.4%) IFN-0. E. coli K12/MM294-1 cells carrying pSY2501 (ATCC #39,517) as
described in U.S. Patent No. 4,518,584, assigned to Cetus Corporation, were



grown essentially as described in Example 1(A) for a 1000-liter
fermentation run. The differences between i1  Example 1(A) and that for
cell growth In this example were the following: 1. Once the fermenter was
filled with water to the operating volume, the following trace elements
were added: (i) ZnSO4 * 7H20 MnSO4 * H20 j   20      CuS04 * 5H20 (ii) Nas
Citrate * 2 H20 (iii) KH2PO4 (iv) (NH4)2SO4; 2. the fermenter feed and
addition vessels were then sterilized according to standard operating 25
procedures; 3. the fermenter was cooled and inoculated with frozen or seed
E. coil culture; 4. no tetracycline was added to the fermentation broth; 5.
100 jiM, rather than, 72 uM FeSO4 * 7H20 was used; 6. 20 mM, rather than
3mM MgSO4 * 7H20 was used; 30    7. at approximately 15 hours after
fermentation was begun, the pH was adjusted to 6.8; 8. optical density
measurements and residual glucose measurements on samples were taken at
14-16 hours and approximately 1 hour intervals thereafter; and 9. the
cultures were harvested when glucose consumption reached 40 + 6 gAl. 35
EXPANDED FRONT-END PROCESS The general purification scheme for a
heterologous protein utilizing the expanded front-end process for the
isolation of refractile bodies is diagrammed in Figure 2. As indicated in
Example l(B), supra, the selection of the denaturing agent for solubilizing
the desired protein form the inclusion body preparation as 40 well as the
additional steps required in the purification process will be dependent
upon the nature of the protein and have been described to some extent by
Marston et al., supra, and Kleid et al., supra. At various steps of the
expanded front-end process used in this example, the refractile body
prepara- tions were characterized by Lowry assay of total protein
bioactivity, SDS-PAGE and lipopolysaccharide assay. Table Vil characterizes
preparation of refractile bodies at various steps of the purification up to
the 45 final pellet. From the densitometer scan of SDS-PAGE results, It
appears that IFN-,d represented about 81.4% of the total protein in the
final pellet. Cultures were concentrated approximately 5-10 fold by
circulating the harvest material (Harvest) under pressure through UF
cross-flow filtration cartridges with a 100K molecular weight cutoff
(Concentrate). Cells were disrupted by 3 passes through a Manton-Gaulin
high-pressure homogenizer at 6,000 to 8,000 psig 50 (Disruptate I). EDTA
was added to the disruptate to a final concentration of 5 mM. The
suspension was then diafiltered against 5 volumes of deionized water
(diafiltered disruptate). EDTA was then added to a final concentration of 2
mM. Octanol was added to 1% (v/v) to kill any residual live bacteria in the
diafiltered product. The suspension was redisrupted by passing it twice
through ss the Manton-Gaulin high-pressure homogenizer at 6,000-8,000 psig
(Disruptate II). Sucrose was added to the redisruptate to a final
concentration of 23% (wt/wt), creating a final density gradient between 1.1
and 1.25 g/ml (Sucrose Suspension). The mixture was centrifuged at 10,000
to 15,000 xg, and the particle pellet or paste was collected (Particle
Pellet). As indicated by densitometer scan the 22    EP 0 206 828 B1
particle pellet contained approximately 20.4% IFN-,8. The particle pellet
was then solubilized in phosphate buffered saline with 2% SDS. Solid DTT
and EDTA were added to a final concentration of 10 mM and 2 mM,
respectiVely. The suspension was heated to 50 + 5 C for 10 minutes under
nitrogen. The reaction mixture was then cooled to approximately 25 C, and 5
then the pH of the mixture was adjusted to 7.4. A volume of 2-butanol equal
to the total volume of the suspension was measured. The suspension and
organic solution were pumped separately but simultaneously at flow rates of
1.1 to 1.3 liters per minute through a static mixer and then into a
continuous centrifuge (Westfalia at approximately 11,770 xg) for 



phase separation. The 2-butanol-rich phase containing the IFN-p was
collected (Organic Extract). to    The 2-butanol extract was mixed with 2.5
volumes of 0.1 % SDS in phosphate-buffered saline. Solid DTT was added to a
final concentration of 2 mM. The pH of the organic extract/buffer solutions
was adjusted to 6.2  0.1 with glacial acetic acid (Acid Precipitate). The
mixture was then centrifuged (Sharples centrifuge at 13,200 xg) for
approximately 2-6 hours. The final pellet was then collected (Final Pellet)
containing approximately 81 % IFN-,8. 15 DOWNSTREAM PROCESSING The final
pellet was then re-suspended with 5% SDS in 50 mM phosphate buffer and 5 mM
EDTA. Solid DTT was added to a final concentration of 20 mM, and the pH was
adjusted to 8.5 with NaOH. The 20 suspension was heated to 50 t 50' C for
10 minutes under nitrogen, and then cooled to approximately 25 C. The pH
was then adjusted to a pH of 5.5 with glacial acetic acid, and the solution
was filtered through a 0.65 lm filter. The filtrate was then processed by
pre-column chromatography by loading a SephacrylS S200 column and
collecting fractions into clean, depyrogenated vessels using an elution
buffer that is composed of 50 25 mM acetate, pH 5.5, 1 mM EDTA and 1 % SDS.
The fractions containing the IFN-0 monomer were pooled. The pre-column pool
was then concentrated by using a hollow-fiber ultrafiltration unit with a
10K molecular weight cut-off. The concentrated pre-column pool was then
oxidized using iodosobenzoic acid (IBA). The oxidation was effected by
adding equimolar amounts of protein and IBA into a reaction vessel
containing 2 mM sodium Kyi  30 pyrophosphate, 0.1% SDS and 1 mM EDTA. A 20
UaM excess of IBA was present at the end of the oxidation. The pH was
controlled at 9.0  0.1 with NaOH during oxidation, and adjusted to 5.5 t
0.2 with glacial acetic acid when the oxidation was completed. The protein
was then concentrated using a hollow-fiber ultrafiltration unit with a 10K
molecular weight cut-off. 35     The protein was then loaded onto the main
column (SephacrylO 8200-A), and fractions were collected into clean,
depyrogenated vessels using an elution buffer that is composed of 50 mM
acetate, pH 5.5, 1 mM EDTA and 0.1% SDS. A SDS-PAGE was performed on
samples from each fraction tube starting from the beginning of the peak to
be pooled to the end of the peak. Using the SDS-PAGE results, the fractions
containing no high 40 molecular weight contaminants were determined. Those
fractions were then pooled. The main column pool was then concentrated by
using a hollow-fiber ultrafiltration unit with a 10K molecular weight
cut-off. The above procedure performed with the main column was repeated on
a Sephadexe G-75 column. Using the SDS-PAGE results, the fractions
containing neither low nor high molecular weight contaminants 45 were
pooled. A Sephadexe0 G-25 column was then equilibrated with 1 mM NaOH and
loaded with the Sephadex6 G- 75 pool. Using the process chromatogram, the
IFN-p peak was collected. The product was formulated within 15 minutes from
this desalting process. The purified IFN-# was formulated with Normal Serum
Albumin (Human) USP (NSA) and 50% Dextose 5o Monohydrate. Normal Serum
Albumin was diluted with water for injection to give a final concentration
of 1.25% for 0.05 and 0.25 mg/ml IFN-fi formulations or of 5.0% for a 1.00
mg/ml IFN-,S formulation. The pH of the diluted NSA solution was adjusted
to 12.0 t 0.5 with 10% NaOH. The IFN-p was immediately added to the NSA
solution, and the pH of the mixture was adjusted to 7.5  0.3 with 3-6N HC1.
The calculated amount of dextrose was then added. 55     The formulated
product was pre-filtered through a 0.45 am filter and then filtered through
a sterile 0.22 jm filter within 4 hours. Then sterilized vials with
sterilized stoppers and components were aseptically filled with the IFN-$
formulations under sanitary and sterile conditions that were
environmentally monitored. 23    EP 0 208 828 B1 The vials were placed in a
Iyophilizer where appropriate thermocouples were attached. The vials were
frozen to between -35 and -45 C. The Iyophilization cycle was completed and
the vials were mechanically 
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EP0206828B1 refractile bodies containing heterologous proteins from the
host disruptate in which the refractile bodies are contained. In the
process herein, cost reduction and ease in handling are realized. Claims 5
1. A process for recovering a refractile material containing a heterologous
protein from a host microorgan- ism cell culture transformed to produce
said protein, said process comprising: 



(a) disrupting the cell wall and cell membrane of the microorganism; (b)
removing greater than 99% by weight of the salts from said disruptate; 10
(C) redisrupting the desalted disruptate; (d) adding a material to the
disruptate to increase the density or viscosity of, or to create a density
or viscosity gradient in, the liquid within the disruptate; and (e)
separating the refractile material from the cellular debris by high-speed
centrifugation. 75  2. A process as claimed in claim 1 wherein step (a) is
accomplished in the presence of 1 -octanol. 3. A process as claimed in
claim 2 further comprising the step of adding distilled water to the
disruptate after step (a) and during step (b). 20  4. A process as claimed
in any one of the preceding claims wherein step (b) is accomplished by
diafiltration or by centrifuging the cell membrane and resuspending in
deionized water. &  A process as claimed in any one of the preceding claims
wherein step (d) is accomplished by adding (a) a material to increase the
density of the liquid to a p of from about 1.1 to 1.3 g/cm3, more 25
preferably of from 1.13 to 1.17 g/cm3, or (b) adding a material to increase
the viscosity of the liquid to between 5 and 10 cps. 6. A process as
claimed in claim 5 (a) wherein the material is sucrose or one or more other
sugars. I) 30  7. A process as claimed in claim 6 wherein a mixture of
sucrose and glycerol is added to form a two- phase system. 8  A process as
claimed in any one of the preceding claims wherein the protein is
interferon-A or interleukin-2, the interleukin-2 preferably being
des-ala-serl25 IL-2. 35 9. A process according to any one of the preceding
claims further comprising the following steps: (f) solubilizing the
refractile material under reducing conditions; (g) organically extracting
the solublized refractile material; and (h) isolating said refractile
material from the extractant. 40 '10. A process as claimed in claim 9
wherein step (f) is accomplished with a solubilizing agent, e.g. SDS, in an
aqueous buffer, e.g. phosphate buffered saline, in the presence of a
reducing agent. 11. A process as claimed in claim 9 or claim 10 wherein
step (g)lis accomplished by using 2-butanol as the 45     organic
extractant or by employing an acid precipitation step followed by
centrifugation. 12. (a). A refractile material containing a heterologous
protein isolated by a process as claimed in any one of claims 1 to 8
wherein said material contains from 15 to 70% by weight of the desired 50
heterologous protein, or (b) a refractile material containing a
heterologous protein isolated by a process as claimed in any one of claims
9 to 11 wherein said material contains from 70 to 85% by weight of the
desired heterologous protein. 5s 13. An isolated refractile material
containing (a) 50% by weight of recombinant interleukin-2 (IL-2) or 20% by
weight of recombinant interferon-,6 - (IFN-p), or (b) 80% by weight of
recombinant interleukin-2 (IL-2) or recombinant interferon-A (IFN-p). 25
c   L   14  S refractile bodies containing heterologous proteins from the
host disruptate in which the refractile bodies are contained. In the
process herein, cost reduction and ease In handling, are realized. Claims 5
1. A process for recovering a refractile material containing a heterologous
protein from a host microorgan- ism cell culture transformed to produce
said protein, said process comprising: (a) disrupting the cell wall and
cell membrane of the microorganism; (b) removing greater than 99% by weight
of the salts from said disruptate; 10       (c) redisrupting the desalted
disruptate; (d) adding a material to the disruptate to increase the density
or viscosity of, or to create a density 



or viscosity gradient in, the liquid within the disruptate; and (e)
separating the refractile material from the cellular debris by high-speed
centrifugation. 15  2. A process as claimed in claim 1 wherein step (a) is
accomplished in the presence of 1-octanol. 3. A process as claimed in claim
2 further comprising the step of adding distilled water to the disruptate
after step (a) and during step (b). \J    20  4. A process as claimed in
any one of the preceding claims wherein step (b) is accomplished by
diafiltration or by centrifuging the cell membrane and resuspending in
deionized water. 5. A process as claimed in any one of the preceding claims
wherein step (d) is accomplished by adding (a) a material to increase the
density of the liquid to a p of from about 1.1 to 1.3 gjcm3, more 25
preferably of from 1.13 to 1.17 g/cm3, or (b) adding a material to increase
the viscosity of the liquid to between 5 and 10 cps. 6. A process as
claimed in claim 5 (a) wherein the material is sucrose or one or more other
sugars. XJ  30  7. A process as claimed in claim 6 wherein a mixture of
sucrose and glycerol is added to form a two- phase system. 8. A process as
claimed in any one of the preceding claims wherein the protein is
interferon-, or interleukin-2, the interleukin-2 preferably being
des-ala-ser125 IL-2. 35 9. A process according to any one of the preceding
claims further comprising the following steps: (f) solubilizing the
retractile material under reducing conditions; (g) organically extracting
the solublized refractile material; and (h) isolating said refractile
material from the extractant. 40 10. A process as claimed in claim 9
wherein step (f) is accomplished with a solubilizing agent, e.g. SDS, in an
aqueous buffer, e.g. phosphate buffered saline, in the presence of a
reducing agent. 11. A process as claimed in claim 9 or claim 10 wherein
step (g) is accomplished by using 2-butanol as the 45     organic
extractant or by employing an acid precipitation step followed by
centrifugation. 12. (a). A refractile material containing a heterologous
protein isolated by a process as claimed in any one of claims 1 to 8
wherein said material contains from 15 to 70% by weight of the desired 50
heterologous protein, or (b) a retractile material containing a
heterologous protein isolated by a process as claimed in any one of claims
9 to 11 wherein said material contains from 70 to 85% by weight of the
desired heterologous protein. s5 13. An isolated refractile material
containing (a) 50% by weight of recombinant interleukin-2 (IL-2) or 20% by
weight of recombinant interferon-,8 - (IFN-,8), or (b) 80% by weight of
recombinant interleukin-2 (IL-2) or recombinant interferon-,8 (IFN-0). 25
*      L   K 14. A process for recovering a refractile material containing
recombinant IL-2 or recombinant IFN-# from E. coil transformed to product
it, said process comprising: (a) concentrating the host E. coli cells by
cross-flow filtration; (b) disrupting the cell wall and cell membrane of
the E. coli by a disrupting means in the presence 5         of 1%
1-octanol; (c) adding distilled water to the disruptate; (d) diafiltering
the disruptate until greater than 99% of the salts are removed using
continuous addition of distilled water such that the rate of addition of
water equals the diafiltration rate; (e) redisrupting the desalted
deisruptate; 10        (f) adding sucrose to increase the density of the
liquid to a p of between 1.13 and 1.17 g/cm3; and (g) separating the
retractile material from the cellular debris by high speed centrifugation.
15. A process as claimed in claim 14 further comprising the steps of (h)
solubilizing the IL-2 or IFN-,6 in the retractile material with an aqueous
solution of a solubilizing agent which forms a water-soluble complex 15
with the IL-2 or IFN-,5, said solution containing a reducing agent; (i)
separating the IL-2 or IFN-,e from 



the resulting solution in the presence of the reducing agent; 0) oxidizing
the producqOf step (i); and (k) purifying the oxidized product by
reverse-phase high performance liquid chromatography. 16. A process as
claimed in claim 15 whetein said solubilizing agent is sodium dodecyl
sulfate or sodium 20     laurate sarcosine, the reducing agent is
dithiothreitol, step (i) is carried out by gel filtration or reverse- phase
high performance liquid chromatography, and step () is carried out using
iodosobenzoic acid, or wherein step (i) is carried out by isolating an IL-2
or IFN-,8 containing fraction from the solution by gel filtration and
purifying the resulting IL-2 or IFN-,8 from the fraction by reverse-phase
high performance liquid chromatography, and after step (k) the purified
product is formulated and lyophilized. 25 17. A process as claimed in claim
14 further comprising the following steps: (h) solubilizing the refractile
material from step (g) under reducing conditions; (i) extracting the
solubilized retractile material with 2-butanol; and 0) isolating the
extracted retractile material by acid precipitation followed by
centrifugation, 30         the process optionally further comprising the
steps of (k) solubilizing the extracted refractile material from step 0)
under reducing conditions and at an alkaline pH; (I) adjusting the pH to
approximately 5.5; (m) separating the IL-2 or IFN-, from the solution in
the presence of a reducing agent; (n) oxidizing the product of step (m);
(o) purifying the oxidized product by protein purification procedures. 35
18. A process as claimed in claim 17 wherein step (n) is carried out using
iodosobenzoic acid and step (o) is carried out by gel filtration,
reverse-phase high performance liquid chromatography (RP-HPLC) or by a
combination of gel filtration and RP-HPLC, the purified product from step
(o) optionally being formulated and Iyophilized. 40 19. (a). The use of a
process as claimed in any one of claims 1 to 11 or 14 to 18 in the
preparation of a pharmaceutical or veterinary formulation or of a
constituent therefor, or (b) the use of a process as claimed in any one of
claims 1 to 11 or 14 to 18 to prepare a protein for 45        use as a
pharmaceutical or as a veterinary medicament, or (c) a process for
preparing a protein for use as a pharmaceutical or as a veterinary
medicament or for preparing a pharmaceutical or a veterinary medicament,
which process comprises a process as claimed in any of claims I to 11 or 14
to 18. 50 Revendlcations 1. Proc~dd pour recupdrer une matibre refringente
contenant une protdine hdt~rologue a partir d'une culture de cellules de
microorganisme h8te transform4 pour produire ladite protdine, ledit proc~d6
comprenant: 56        (a) la lyse de la paroi cellulaire et de la membrane
cellulaire du microorganisme: (b) I'limination de plus de 99 % en poids des
sels dudit lysat; (c) une nouvelle lyse du lysat dessal6; (d) I'additlon au
lysat d'une matibre pour accroltre la densit4 ou la viscosit6 du liquide
dans le lysat 26    EP 0 206 828 B1                         I lIlI3  111111
lIliI * C   L   M   S ou pour y cr6er un gradient de densite ou de
viscosite ; et (e) la separation de la matiere refrlngente des debris
cellulaires par centrifugation rapide. 2. Proced6 solon la revendication 1,
dans lequel l'etape (a) est effectuee en presence de 1-octanol. 5 3.
Procede selon la revendication 2 comprenant de plus l'etape d'addition
d'eau distillee au lysat apres l'6tape (a) et pendant 1retape (b). 4.
Procede selon l'une quelconque des revendications prbcbdentes, dans loquel
l'etape (b) est realis~e 10     par diafiltration ou par centrifugation de
la membrane cellulaire et remise on suspension dans l'eau desionis~e. 5.
Procede selon l'une quelconque des revendications prbcedentes, dans lequel
I'etape (d) est realis~e 



par addition de 15       (a) une matiere pour accroftre la masse volumique
du liquide a une valeur p d'environ 1,1 a 1,3 g/cm3 et mieux de 1,13 a 1,17
g/cm3 ou (b) une matiere pour accroltre la viscosit6 du liquide entre 5 ot
10 cP. 6. Procede selon la revendication 5 (a), dans lequel la matiere est
le saccharose ou un ou plusieurs autres K/-'   20   sucres. 7. Procbdd
selon la revendication 6, dans lequel on ajoute un melange de saccharose et
de glyc~rol pour former un systbme a deux phases. 25  &  Procede selon
l'une quelconque des revendications precedentes, dans lequol la proteine
est I'interfdron-fi ou l'interleukine-2, l'interleukine-2 etant de
preference la dds-alaser125 IL-2. 9. Procede selon l'une quelconque des
revendications precedentes comprenant de plus les 6tapes suivantes: J'  o30
(f) la solubilisation de la matibre rbfringente dans des conditions
rbductrices; (g) l'extraction organique de la matiere r6fringente
solubilis~e ; et (h) Il'isolement de ladite matibre rbfringente de
l'extractant 10. Proc~d6 selon la revendication 9, dans loquel l'etape (f)
est effectuee avec un agent solubilisant, par 36     exemple le
dodecylsulfate de sodium (SDS), dans un tampon aqueux, par exemple une
solution saline de tampon phosphate, en prbsence d'un agent reducteur. 11.
Proc6d6 selon la revendication 9 ou la revendication 10, dans lequel l'tape
(g) est effectuee par emploi de 2-butanol comme extractant organique ou par
emploi d'une 6tape de precipitation acide 40     suivie d'une
centrifugation. 12. (a) Matibre refringente contenant une prot6ine
het6rologue isol~e solon un procede selon Pune quelconque des
revendications 1 & 8, ladite matiere contenant de 15 a 70 % en poids de la
proteine 45        hetbrologue desiree ou (b) matibre refringente contenant
une proteine heterologue isolee selon un procedd de l'une quelconque des
revendications 9 a 11, ladite matiere contenant de 70 a 85 % en poids de la
proteine heterologue desirbe. 6o 13. Matiere refringente isolee contenant
(a) 50 % en poids d'interleukine-2 (IL-2) recombinante ou 20 % en poids
d'interfdron-g9 (IFN-,e) recombinant ou (b) 80 % en poids d'interleukine-2
(IL-2) recombinanto ou d'interferon-,B (IFN-f,) recombinant. 55 14. Procede
pour rbcuperer une matibre refringente contenant de 'lIL-2 recombinante ou
de l'IFN-B recombinant a partir d'E. coil transforme pour en produire,
ledit proc~d6 comprenant: (a) la concentration des cellules d'E. coil h8tes
par filtration a ecoulement transversal; (b) la lyse de la paroi cellulaire
etadel membrane cellulaire do l'E. coli par un moyen de lyse en 27    EP 0
206 828 B1                        I l111111L11111111111 1111 presence de 1
% de 1 -octanrol; (c) I'addition d'eau distillde au lysat; (d) la
diafiltration du lysat jusqu'a ce que plus de 99 % des sels soient 6liminds
par emploi d'une addition continue d'eau distill6e, de telle sorte que le
d~bit d'addition de I'eau soit dgal au d~bit de 5        diafiltration; (e)
une nouvelle lyse du lysat dessat6; (f) I'addition de saccharose pour
porter la masse volumique du liquide & une valeur p entre 1,13 et 1,17
g/cm3 ; et (g) la s~paration de la matibre r6fringente des d~bris
cellulaires par centrifugation rapide. 10 15. Proc~dd selon la
revendication 14 comprenant de plus les 6tapes de (h) la solubilisation de
l'IL-2 ou de l'lFN-p dans la matibre r~fringente avec une solution aqueuse
d'un agent solubilisant qui forme un complexe soluble dans I'eau avec
l'IL-2 ou l'IFN-p, ladite solution contenant un agent r6ducteur ; (i) la
s~paration de l'IL-2 ou de l'tFN-,O de la solution obtenue en presence de
l'agent r~ducteur ; () 15     l'oxydation du produit de l'Ntape (i); et (k)
la purification du produit oxydd par chromatographie liquide 



haute performance en phase inverse. 16. Proc~d6 selon la revendication 15,
dans loquel ledit agent solubilisant est le dod~cylsulfate de sodium ou le
lauroylsarcosinate de sodium, I'agent rdducteur est le dithiothr~itol,
N'6tape (i) est rdalisee par K    20    filtration sur gel ou
chromatographie liquide haute performance en phase inverse et l'6tape 0)
est realis6e par emploi d'acide iodosobenzoTque, ou dans lequel l'Mtape (i)
est realisee par isolement d'une fraction contenant l'IL-2 ou l'IFN-,S de
la solution par filtration sur gel et purification de l'IL-2 ou de l'IFN-,B
obtenua partir de la fraction par chromatographie liquide haute performance
en phase inverse, et, aprbs l'etape (k), le produit purifi6 est formul6 et
lyophilise. 26 17. Proced6 selon la revendication 14 comprenant de plus les
6tapes suivantes: (h) la solubilisation de la matibre r~fringente de
l'6tape (g) dans des conditions reductrices; (i) I'extraction de la matibre
r6fringente solubilisde avec du 2-butanol ; et () I'isolement de la matibre
rdfringente extraite, par precipitation acide, puis centrifugation, K>30
le procede comprenant facultativement de plus les etapes consistant en (k)
la solubilisation de la matibre refringente extraite de l'6tape U) dans des
conditions r6ductrices et a un pH alcalin; (1) I'ajustement du pH a environ
5,5 ; (m) la separation de l'IL-2 ou de l'lFN-p de la solution en prdsence
d'un agent reducteur ; (n) l'oxydation du produit de l'6tape (m) ; et (o)
la purification du produit oxyd6 solon des proc~dds de purification des
prot6ines. 35 1& Procede selon la revendication 17, dans loquel i'6tape (n)
est rdalis6e par emploi d'acide iodosobenzoTf que et l'etape (o) est
realisdo par filtration sur gel, chromatographie liquido haute performance
en phase inverse (CLHP-PI) ou par une combinaison de filtration sur gel et
de CLHP-PI, le produit purifid de l'6tape (o) etant, le cas 6cheant,
formul6 et lyophilis6. 40 19. (a) Utilisation d'un proc6d4 selon l'une
quelconque des revendications 1 & 11 ou 14 & 18 dans la preparation d'une
formulation pharmaceutique ou veterinaire ou d'un constituent de celle-ci
ou (b) utilisation d'un proc~d6 selon l'une quelconque des revendications 1
& 11 ou 14 a 18 pour 45        prdparer une protdine utile comme medicament
pharmacoutique ou vdtdrinaire ou (c) proocd6 pour prdparer une prot6ine
pour l'utilisation comme medicament pharmacoutique ou vAt6rinaire ou pour
la preparation d'un medicament pharmacoutique ou vAt6rinaire, lequel
proced4 comprend un proc~d6 selon l'une quelconque des revendications 1 a
11 ou 14 a 18. 50 PatentansprUche 1. Verfahron zur Gowinnung eines
lichtbrechenden Produktes, das ein heterologes Protein aus einer zur
Erzeugung des Proteins transformierten Wirtsmikroorganismus-Zellkultur
enthalt, umfassend: (a) den AufschluB der Zellwand und Zellmembran des
Mikroorganismus; 55       (b) des Entfernen von mehr als 99 Gew.-% Salz aus
dem AufschluB; (c) den orneuten AufschluB des entsalzten Aufschlusses; (d)
die Zugabe sines Stoffes zu dem AufschluB zur Erh6hung der Dichte odor
Viskositat der FlOssigkeit innerhalb des Aufschlusses oder zur Bildung
eines Dichte- oder Viskosltatsgradienten in 28    EP 0 206 828 51
I        11   1i der FlUssigkeit innerhalb des Aufschlusses; und (e) die
Abtrennung des lichtbrechenden Produkts von den Zelltrtmmern durch
Hochgeschwindig- keitszentrifugation. 5  2. Verfahren nach Anspruch 1,
wobei der Schritt (a) in Gegenwart von 1-Octanol durchgefUhrt wird. 3.
Verfahren nach Anspruch 2, das als weiteren Schritt die Zugabe von
destilliertem Wasser zu dem AufschluB nach Schritt (a) und wahrend Schritt
(b) umtfalt. 10 4. Verfahren nach einem der vorangehenden AnsprOche, wobel
Schritt (b) durch Diafiltration oder durch Zentrifugation der Zellmembran
und Resuspension in entionisiertem Wasser durchgefUhrt wird. 5. Verfahren
nach einem der vorangehenden AnsprUche, wobel Schritt (d) durch Zugabe von
(a) einem Stoff zur Erhohung der Dichte der Fllsslgkeit zu einem p-Wert von
etwa 1,1 bis 1,3 g/cm3, 15       vorzugsweise 1,13 bis 1,17 g/cm3, oder 



(b) einem Stoff zur Erhohung der Viskosit~t der Fllssigkeit zu einem Wert
zwischen 5 und 10 cps durchgeflhrt wird. 6. Verfahren nach Anspruch 5 (a),
wobei der Stoff Saccharose oder einen oder mehrere andere Zucker 20
darstellt. 7. Verfahren nach Anspruch 6, in deni ein Gemisch von Saccharose
und Glycerol zur Bildung eines Zweiphasensystems zugegeben wird. 26  &
Verfahren nach einem der vorangehenden Anspr~che, in dem das Protein
Interferon-je oder Interleukin- 2 ist, wobel das Interleukin-2 vorzugsweise
des-Ala-Serl25 IL-2 ist. 9. Verfahren nach einem der vorangehenden
AnsprUche, das welter die folgenden Schritte umfait: (fl die Solubilisation
des lichtbrechenden Produkts unter reduzierenden Bedingungen; i>  30
(g) die organische Extraktion des solubilisierten lichtbrechenden Produkts;
und (h) die Isolierung des lichtbrechenden Produkts aus dem Extrakt. 10.
Verfahren nach Anspruch 9, wobei Schritt () mit einem solubilisierenden
Mittel durchgeflhrt wird, z.B. SDS, in einem wairigen Puffer, z.B.
phosphatgepufferte Kochsalzl6sung, in Gegenwart elnes Reduk- 35
tionsmittels. 11. Verfahren nach Anspruch 9 oder 10, wobei Schritt (g) mit
2-Butanol als organisches Extraktionsmittel oder durch Verwendung eines
sauren F~llungsschrittes gefolgt von einer Zentrifugation durchgefUhrl:
wird. 40 12. (a) Lichtbrechendes Produkt, das ein heterologes, durch ein
Verfahren nach einem der Ansprflche 1 bis 8 isollertes Protein enthalt,
wobei das Produkt 15 bis 70 Gew.-% des gewUnschten heterologen Proteins
enthalt, oder 45       (b) lichtbrechendes Prodcukt, das ein heterologes,
durch ein Verfahren nach elnem der AnsprUche 9 bis 11 isoliertes Protein
enthilt, wobei das Produkt 70 bis 85 Gew.-% des gewUnschten heterologen
Proteins enthalt. 13 Isoliertes lichtbrechendes Produkt, enthaltend 50
(a) 50 Gew.-% rekombinantes Interleukin-2 (IL-2) oder 20 Gew.-%
rekombinantes Interferon-,8 (IFN- ,B), oder (b) 80 Gew.-% rekombinantes
Interleucin-2 (IL-2) oder rekombinantes Interferon-ft (IFN-ft). 14.
Verfahren zur Gewinnung eines lichtbrechenden Produkts. das rekombinantes
IL-2 oder rekombinantes 56     IFN-fl aus zu deren Erzeugung
transformierten E. coil enth~lt, umfassend: (a) die Einengung der E.
coli-Wirtszellen durch Querfluhfiltration; (b) den AufschluO der Zeliwand
und Zellmembran von E. coil durch AufschluBmittel in Gegenwart von 1 %
1-Octanol; 29    EP O 20 828 B1  Iii ill ii i * C   L   N   S (c) die
Zugabe von destilliertem Wasser zu dem Aufschlul3; (d) die Diafiltration
des Aufschlusses bis mehr als 99 % der Salze unter kontinuierlicher Zugabe
von destilliertem Wasser entfernt sind, wobei die Rate der Zugabe von
Wasser gleich ist mit der Diafiltrationsrate; 5        (e) den emeuten
AufschluB des entsalzten Aufschlusses; (f) die Zugabe von Saccharose zur
Erh6hung der Dichte der FlUssigkeit auf einen p-Wert zwischen 1,13 und 1,17
g/cm3; und      ? (g) die Abtrennung des lichtbrechenden Produkts von den
ZelltrUmmern durch Hochgeschwindig- keitszentrifugation. 10 15. Verfahren
nach Anspruch 14, die folgenden weiteren Schritte umfassend: (h)
Solubilisation von IL-2 oder IFN-p in dem lichtbrechenden Produkt mit elner
waBrigen Losung elnes Solubilisationsmittels, das elnen wasserloslichen
Komplex mit dem 11-2 oder IFN-8 bildet, wobei die L6sung ein
Reduktionsmittel enthalt; (i) Abtrennung von 11-2 oder IFN-B von der
erhaltenen Losung in Gegenwart des Reduktionsmit- 15    tels; 0) Oxidation
des Produktes von. Schritt (i); und (k) Reinigung des oxidierten Produktes
durch 



hochauflosende FlOssigkeitschromoatgraphie mit Umkehrphase. 16. Verfahren
nach Anspruch 15, wobei das solubilisierende Mittel Natriumdodecylsulfat
oder Natriumlau- ratsarcosin ist, das Reduktionsmittel Dithiothreitol ist,
Schritt (i) durch Gelfiltration oder hochauflosende "    20
Flassigkeitschromatographie mit Umkehrphase durchgefUhrt wird, und Schritt
0) mit Jodosobenzoesau- re durchgeflhrt wird, oder wobei Schritt (i) durch
Isolierung einer 11-2 oder IFN-, enthaltenden Fraktion aus der Losung durch
Gelfiltration und Reinigung des erhaltenen IL-2 oder IFN-, aus der Fraktion
durch hochaufl6sende FlUssigkeltschromatographie mit Umkehrphase
durchgeflhrt wird, und nach Schritt (k) das gereinigte Produkt formuliert
und lyophilislert wird. 25 17. Verfahren nach Anspruch 14, welter umfassend
die folgenden Schritte: (h) die Solubilisation des lichtbrechenden Produkts
von Schritt (g) unter reduzierenden Bedingungen; (i) die Extraktion des
solubilisierten lichtbrechenden Produkts mit 2-Butanol; und 0) die
Isolierung des extrahierten lichtbrechenden Produkts durch saure Fallung
gefolgt von einer J  30        Zentrifugation, gagebenenfalls welter
umfassend die folgenden Schritte: (k) Solubilisation des extrahierten
lichtbre- chenden Produkts von Schritt 0) unter reduzierenden Bedingungen
und be! alkalischem  pH; (I) Einstellung des pH-Werts auf etwa 5,5; (m)
Abtrennung von 11-2 oder IFN-0 aus der Lo6sung in Gegenwart eines
Reduktionsmittels; (n) Oxidation des Produktes von Schritt (m); (o)
Reinigung des 35     oxidierten Produktes durch Proteinreinigungsverfahren.
18. Verfahren nach Anspruch 17, wobei Schritt (n) mit Jodosobenzoesdure
durchgefthrt wird und Schritt (o) 40     durch Gelfiltration,
hochaufl6sende Flssigkeitschromatographie mit Umkehrphase (RP-HPLC) oder
durch eine Kombination von Gelfiltratlon und RP-HPLC durchgefUhrt wird, und
das gereinigte Produkt von Schritt (o) gegebenenfalls formuliert und
lyophilisiert wird. 19. 45       (a) Verwendung eines Verfahrens nach einem
der Ansprlche 1 bis 11 oder 14 bis 18 zur Herstellung einer
pharmazeutischen oder tiermedizinischen Formulierung oder deren
Bestandteile, oder (b) Verwendung eines Verfahrens nach einem der AnsprUche
1 bis 11 oder 14 bis 18 zur Herstellung elnes Proteins zur Verwendung als
Arzneimittel oder tiermedizinisches Mittel, oder (c) Verfahren zur
Herstellung eines Proteins zur Verwendung als Arzneimittel oder
tiermedizinisches 50        Mittel oder zur Herstellung eines Arzneimittels
oder tiermedizinischen Mittels, wobei das Verfahren ein Verfahren nach
elnem der AnsprUche 1 bis 11 oder 14 bis 18 umfaBt. 55 30    


