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CAPTURE PURIFICATION PROCESSES FOR PROTEINS EXPRESSED IN A NON-
MAMMALIAN SYSTEM

This application claims the benefit of U.S. Provisional Application No.
61/220,477 filed June 25, 2009, which is incorporated by reference herein.

FIELD OF THE INVENTION
The present invention relates generally to processes for purifying proteins
expressed in non-mammalian systems in both non-native soluble and non-native
insoluble forms, and more particularly to the direct capture of such proteins from a refold

mixture or a cell lysate pool by a separation matrix.

BACKGROUND OF THE INVENTION

Fe-containing protcins arc typically cxpressed in mammalian cells, such as CHO
cells. The use of affinity chromatography to purify Fc-containing proteins is documented
(see, e.g., Shukla et al., (2007) Journal of Chromatography B 848(1):28-39) and is
successful, in part, due to the degree of Fc structure observed in proteins expressed in
such systems. Fc-containing proteins expressed in non-mammalian cells, however, are
often dcposited in the cxpressing cells in limited solubility forms, such as inclusion
bodies, that require refolding, and this has been a limiting factor in selecting non-
mammalian systems for expressing Fc-containing proteins.

A drawback to the use of Protein A, Protein G and other chemistries is that in
order for a protein comprising an Fc region to associate with the Protein A or Protein G
molecule, the protein needs to have a minimum amount of structure. Often, the requisite
amount of structure is absent from proteins expressed recombinantly in a soluble, but
non-native, form and consequently Protein A chromatography is not performed in a
purification process.

In the case of a protein expressed in an insoluble non-native form, Protein A
chromatography is typically not performed in a purification process until after the protein
has been refolded to a degree that it can associate with the Protein A molecule and has

been subsequently diluted out of its refold solution. This is because it was believed that
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after a protein has been refolded it was necessary to dilute or remove the components
of the refold mixture in a wash step, due to the tendency of the components that
typically make up a refold solution to disrupt interactions between the target protein and
the Protein A molecules (Wang et al.,, (1997). Biochem. J. 325(Part 3):707-710). This
dilution step can consume time and resources which, when working at a manufacturing
scale of thousands of liters of culture, can be costly.

The present disclosure addresses these issues by providing simplified methods
of purifying proteins comprising Fc regions that are expressed in non-mammalian
expression systems in a non-native soluble form or in a non-native insoluble form.

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field. i

SUMMARY OF THE INVENTION

According to a first aspect, the present invention provides a method of purifying
a protein expressed in a non-native soluble form in a non-mammalian expression
system comprising:

(a) lysing a non-mammalian cell in which the protein is expressed in a non-native
soluble form to generate a cell lysate;

(b) contacting the cell lysate with an separation matrix under conditions suitable for
the protein to associate with the separation matrix;

(c) washing the separation matrix; and

(d) eluting the protein from the separation matrix,

wherein the separation matrix is an affinity resin selected from the group consisting of
Protein A, Protein G and a synthetic mimetic affinity resin.

According to a second aspect, the present invention provides a method of
purifying a protein expressed in a non-native limited solubility form in a non-mammalian
expression system comprising:

(a) expressing a protein in a non-native limited solubility form in a non-mammalian
cell;

(b) lysing a non-mammalian cell;

(c) solubilizing the expressed protein in a solubilization solution comprising one or

more of the following:

(i) a denaturant;
(ii) a reductant; and

(iii) a surfactant;
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(d) forming a refold solution comprising the solubilization solution and a refold
buffer, the refold buffer comprising one or more of the following:

(i) a denaturant;

(ii) an aggvregation suppressor;

(iii) a protein stabilizer; and

(iv) a redox component;

(e) applying the refold solution to a separation matrix under conditions suitable for
the protein to associate with the matrix;

(f) washing the separation matrix; and

(9) eluting the protein from the separation matrix,

wherein the separation matrix is an affinity resin, selected from the group consisting of
Protein A, Protein G, and synthetic mimetic affinity resin.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

A method of purifying a protein expressed in a non-native soluble form in a non-
mammalian expression system is provided. In one embodiment the method comprises
(a) lysing a non-mammalian cell in which the protein is expressed in a non-native
soluble form to generate a cell lysate; (b) contacting the cell lysate with an separation
matrix under conditions suitable for the protein to associate with the separation matrix;
(c) washing the separation matrix; and (d) eluting the protein from the separation matrix.

The protein can be a complex protein, such as a protein is selected from the
group consisting of a multimeric protein, an antibody and an Fc fusion protein. The
non-mammalian expression system can comprise bacteria or yeast cells. The
separation matrix can be an affinity resin, such as an affinity resin selected from the
group consisting of Protein A, Protein G and a synthetic mimetic affinity resin, or it can
be a non-affinity resin, such as a non-affinity resin selected from the group consisting of
ion exchange, mixed mode, and a hydrophobic interaction resin. The cell lysate can be
filtered before it is contacted with the separation matrix. Although not required, the
method can further comprise refolding the protein to its native form after it is eluted from
the separation matrix.

A method of purifying a protein expressed in a non-native limited solubility form
in @ non-mammalian expression system is provided. In one embodiment that method
comprises (a) expressing a protein in a non-native limited solubility form in a non-

mammalian cell; (b) lysing a non-mammalian cell; (c) solubilizing the expressed protein
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in a solubilization solution comprising one or more of the following: (i) a denaturant; (i1)
a rcductant; and (iii) a surfactant; (d) forming a rcfold solution comprising thc
solubilization solution and a refold buffer, the refold buffer comprising one or more of
the following: (i) a denaturant; (ii) an aggregation suppressor; (iii) a protein stabilizer;
and (iv) a redox component; (¢) applying the refold solution to a separation matrix under
conditions suitable for the protein to associate with the matrix; (f) washing the separation
matrix; and (g) eluting the protein from the separation matrix.

The non-native limited solubility form can be a component of an inclusion body.
The protein can be a complex protein, such as a complex protein selected from the group
consisting of a multimeric protein, an antibody, a peptibody, and an Fc fusion protein.
The non-mammalian expression system can be bacteria or yeast cells. The denaturant
can comprise one or more of urea, guanidinium salts, dimethyl urea, methylureca and
gthylurea, the reductant can comprise one or more of cysteine, DTT, beta-
mcercaptocthanol and glutathione, the surfactant can comprisc onc or morc of sarcosyl and
sodium dodecylsulfate, the aggregation suppressor can be selected from the group
consisting of arginine, proline, polyethylene glycols, non-ionic surfactants, ionic
surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol, glucose, tris, sodium sulfate,
potassium sulfate and osmolytes, the protein stabilizer can comprise one or more of
arginine, prolinc, polycthylenc glycols, non-ionic surfactants, ionic surfactants,
polyhydric alcohols, glycerol, sucrose, sorbitol, glucose, tris, sodium sulfate, potassium
sulfate and osmolytes, and the redox component can comprise one or more of
glutathione-reduced, glutathione-oxidized, cysteine, cystine, cysteamine, cystamine and
beta-mercaptoethanol. The separation matrix can be an affinity resin such as an affinity
resin selected from the group consisting of Protein A, Protein G, and synthetic mimetic
affinity resin or the separation matrix can be a non-affinity resin selected from the group
consisting of ion exchange, mixed mode, and a hydrophobic interaction resin.

In other embodiments, the disclosed methods can further comprise the steps of (a)
washing the separation matrix with a regeneration reagent; and (b) regenerating the
separation matrix. The regeneration reagent can be one of a strong base, such as sodium
hydroxide or a strong acid, such as phosphoric acid. The regenerating can comprise

washing the separation matrix with a solution comprising one or both of a chaotrope



WO 2010/151688 PCT/US2010/039854

present at a concentration of 4-6 M and a reductant. The chaotrope can be one of urea,
dimcthyl urca, mcthylurca, cthylurca, and guanidinium, and thc reductant can be onc of
cysteine, DTT, beta-mercaptoethanol and glutathione. In a particular embodiment the
regenerating comprises washing the separation matrix with a solution comprising 50mM

Tris, 10mM citrate, 6M urea, SOmM DTT at pH 7.4.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot demonstrating the binding of refolded, non-mammalian non-
native limited solubility fraction complex protein, to Protein A media; in the figure the X
denotes resin loading at a 9.32 min residence time, star denotes resin loading at a 7.68
min residence time and solid circles denote resin loading at a 6 min residence time.

Figure 2 is a table demonstrating purification of a complex protein comprising an
Fc domain using Protein A resin.

Figurc 3 is a tablc demonstrating the rcusability of Protcin A resin when uscd to
capture a non-mammalian non-native limited solubility complex protein over 150 cycles
using the disclosed methods.

Figure 4 is a plot demonstrating the binding profiles of a refolded, non-
mammalian non-native limited solubility complex protein to six different ion exchange
resins (IEX Resins 1, 2, 3, 4, 5, 6, corrcsponding to Toyopcarl SP550C™, Toyopearl
SP65SOM™, GigaCAP S™, POROS HS50™, Toyopearl SP650C™ and GE Healthcare
SPxL™, respectively) and a mixed-mode resin (MMC Resin 1, GE Healthcare MMC™™)
following capture using the disclosed methods.

Figure 5 is a table demonstrating purification levels achieved for a protein
comprising an Fc domain using one anion exhange resin (Fractogel TMAE™) and one

cation exchange resin (Fractogel SO;™™).

DETAILED DESCRIPTION OF THE INVENTION
The present disclosure provides methods of capturing on a separation matrix non-
native proteins produced in microbial cells. In the case of the direct capture of a protein
expressed in a non-native soluble form the advantages of the present invention over

typical processes include enhanced protein concentration, volume reduction, and
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increased recovery over traditional methods, improved protein stability, and ultimately
proccss cost savings.

In the case of the direct capture of a protein expressed in a non-native limited
solubility form, the advantages of the present invention over typical processes include the
elimination of the need to dilute the protein out of a refold solution prior to capturing it
on a separation matrix.

Another advantage of the disclosed methods is that they may be performed at a
range of scales, from laboratory scale (typically milliliter or liter scale), a pilot plant scale
(typically hundreds of liters) or on an industrial scale (typically thousands of liters). The
application of the disclosed methods on large scales may be particularly desirable , due to
the potential savings in time and resources.

Non-mammalian, e.g., microbial, cells can naturally produce, or can be
engineered to produce, proteins that are expressed in either a soluble or a limited
solubility form. Most often, cngincered non-mammalian cclls will deposit the
recombinant proteins into large limited solubility aggregates called inclusion bodies.
However, certain cell growth conditions (e.g., temperature or pH) can be modified to
drive the recombinant proteins to be expressed as intracellular, soluble monomers. As an
alternative to producing a protein of interest in cells in which the protein is expressed in
the form of limited solubility inclusion bodics, ccll growth conditions can be modificd
such that proteins are expressed in a non-native yet soluble form. The cells can then be
lysed and the protein can be isolated by capturing it directly from cell lysate using ion
exchange chromatography, affinity chromatography or mixed mode chromatography, as
described herein.  The method can be particularly useful for purifying proteins
comprising an Fc region.

In one aspect, therefore, the present disclosure relates to a method of isolating a
protein of interest comprising an Fc region that is expressed in a non-mammalian cell in a
non-native, yet soluble form, from a pool of lysate generated from the cell in which the
protein was expressed. The method employs a separation matrix, such as Protein A. One
beneficial aspect of the disclosed method is that it eliminates the need for a refolding step
before the protein is applied to the separation matrix. That is, non-mammalian cells

expressing the protein of interest in a non-native soluble form can be lysed, the lysate
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applied directly to the separation matrix and the protein subsequently eluted from the
scparation matrix. This process allows the scparation of proteins from ccll culturcs in
highly concentrated pools that can be subsequently refolded at high concentrations and
can be of benefit when producing large quantities of protein, particularly since the
method is scalable from bench scale, which involves cultures on the order of several
liters, up to production scale, which involves cultures of thousands of liters.

Following isolation by the separation matrix, the protein of interest can optionally
be subsequently refolded using any technique known or suspected to work well for the
protein of interest.

In another aspect, the present invention relates to a method of isolating a protein
of interest comprising an Fc region that is expressed in a non-native limited solubility
form, for example in inclusion bodies, that needs to be refolded and isolated from the
refold mixture. Commonly, a refold solution contains a denaturant (e.g., urea or other
chaotrope, organic solvent or strong dctcrgent), an aggregation suppressor (e.g., a mild
detergent, arginine or low concentrations of PEG), a protein stabilizer (e.g., glycerol,
sucrose or other osmolyte, salts) and/or a redox component (e.g., cysteine, cystine,
cystamine, cysteamine, glutathione). While often beneficial for refolding proteins, these
components can inhibit purification (see, ¢. g., Wang et al., (1997) Biochemical Journal
325 (Part 3):707-710) and it is ncccssary to isolatc or dilutc the protcin from thesc
components for further processing, particularly before applying the protein to a
separation matrix.

In one embodiment of the disclosed method, purification is achieved by directly
applying a protein of interest, which is present in a refold mixture, to a separation matrix.
In this approach, following a refold step the entire refold mixture, including the protein of
interest, is applied directly to a separation matrix, such as a Protein A or G resin. The
protein of interest associates with the matrix in the presence of the components of refold
buffer, impuritics are washed away and the protein is eluted. Since the method omits the
need for removing any components of the refold mixture before the refold mixture is
applied to a separation matrix, the method can have the effect of saving steps, time and

resources that are typically expended on removing the protein from refolding and dilution
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buffers in purification processes. In some cases, the method can also reduce or eliminate
the need for subscquent purification steps.

The disclosed methods can also be employed to purify proteins expressed in a
non-native soluble and non-native limited solubility forms in a non-mammalian
expression system that have subsequently been derivatized. For example, following
expression a protein comprising an F¢ region can be associated with a small molecule,

such as a toxin. Such conjugates can be purified using the methods described herein.

I Definitions

As used herein, the terms “a” and “an” mean one or more unless specifically
indicated otherwise.

As used herein, the term “non-mammalian expression system” means a system for
expressing proteins in cells derived from an organism other than a mammal, including but
not limited to, prokaryotcs, including bactcria such as E. coli, and ycast. Oftcn a non-
mammalian expression system is employed to express a recombinant protein of interest,
while in other instances a protein of interest is an endogenous protein that is expressed by
a non-mammalian cell. For purposes of the present disclosure, regardless of whether a
protein of interest is endogenous or recombinant, if the protein is expressed in a non-
mammalian ccll then that ccll is a “non-mammalian cxpression systcm.”  Similarly, a
“non-mammalian cell” is a cell derived from an organism other than a mammal,
examples of which include bacteria or yeast.

As used herein, the term “denaturant” means any compound having the ability to
remove some or all of a protein’s secondary and tertiary structure when placed in contact
with the protein. The term denaturant refers to particular chemical compounds that affect
denaturation, as well as solutions comprising a particular compound that affect
denaturation. Examples of denaturants that can be employed in the disclosed method
include, but are not limited to ureca, guanidinium salts, dimethyl urea, methylurea,
ethylurea and combinations thereof.

As used herein, the term “aggregation suppressor” means any compound having
the ability to disrupt and decrease or eliminate interactions between two or more proteins.

Examples of aggregation suppressors can include, but are not limited to, amino acids
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such as arginine, proline, and glycine; polyols and sugars such as glycerol, sorbitol,
sucrosc, and trchalose; surfactants such as, polysorbatc-20, CHAPS, Triton X-100, and
dodecyl maltoside; and combinations thereof.

As used herein, the term “protein stabilizer” means any compound having the
ability to change a protein’s reaction equilibrium state, such that the native state of the
protein is improved or favored. Examples of protein stabilizers can include, but are not
limited to, sugars and polyhedric alcohols such as glycerol or sorbitol; polymers such as
polyethylene glycol (PEG) and a-cyclodextrin; amino acids salts such as arginine,
proline, and glycine; osmolytes and certain Hoffmeister salts such as Tris, sodium sulfate
and potassium sulfate; and combinations thereof.

As used herein, the terms “Fc¢” and “Fc region” are used interchangeably and
mean a fragment of an antibody that comprises human or non-human (e.g., murine) Cy;
and Cyz immunoglobulin domains, or which comprises two contiguous regions which are
at least 90% identical to human or non-human Cy; and Cy; immunoglobulin domains.
An Fc can but need not have the ability to interact with an Fc receptor. See, e.g.,
Hasemann & Capra, “Immunoglobulins: Structure and Function,” in William E. Paul, ed.,
Fundamental Immunology, Second Edition, 209, 210-218 (1989), which is incorporated
by reference herein in its entirety.

As used herein, the terms “protein” and “polypeptide” are used interchangeably
and mean any chain of at least five naturally or non-naturally occurring amino acids
linked by peptide bonds.

As used herein, the term “complex molecule” means any protein that is (a) larger
than 20,000 MW, or comprises greater than 250 amino acid residues, and (b) comprises
two or more disulfide bonds in its native form. A complex molecule can, but need not,
form multimers. Examples of complex molccules include but arc not limited to,
antibodies, peptibodies and polypeptides comprising an Fc domain and other large
proteins. Peptibodies are described in US Patent No 6,660,843, US Patent No 7,138,370
and US Patent No 7,511,012.

As used herein, the term “peptibody” refers to a polypeptide comprising one or

morc bioactive peptides joinced together, optionally via linkers, with an Fc domain. Scc
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US Patent No 6,660,843, US Patent No 7,138,370 and US Patent No 7,511,012 for
cxamplces of peptibodics.

As used herein, the terms “Fc fusion” and “Fc¢ fusion protein” are used
interchangeably and refer to a peptide or polypeptide covalently attached to an Fc
domain.

As used herein the term “Protein A” means any protein identical or substantially
similar to Staphylococcal Protein A, including commercially available and/or
recombinant forms of Protein A. For the purposes of this invention, Protein A
specifically includes engineered Protein A derived media, such as Mab Select SuRe™
media (GE Healthcare), in which a single subunit (e.g., the B subunit ) is replicated two
or more times and joined in a contiguous sequence to form a recombinant Protein A
molecule, and other non-naturally occurring Protein A molecules.

As used herein, the term “Protein G” means any protein identical or substantially
similar to Strcptococcal Protcin G, including commcrcially available and/or reccombinant
forms of Protein G.

As used herein, the term “substantially similar,” when used in the context of a
protein, including Protein A, means proteins that are at least 80%, preferably at least 90%
identical to each other in amino acid sequence and maintain or alter in a desirable manner
the biological activity of thc unaltered protein.  Included in amino acids considered
identical for the purpose of determining whether proteins are substantially similar are
amino acids that are conservative substitutions, unlikely to affect biological activity,
including the following: Ala for Ser, Val for Ile, Asp for Glu, Thr for Ser, Ala for Gly,
Ala for Thr, Ser for Asn, Ala for Val, Ser for Gly, Tyr for Phe, Ala for Pro, Lys for Arg,
Asp for Asn, Leu for Ile, Leu for Val, Ala for Glu, Asp for Gly, and these changes in the
reverse. See, e.g., Neurath ef af., The Proteins, Academic Press, New York (1979). The
percent identity of two amino sequences can be determined by visual inspection and
mathematical calculation, or more preferably, the comparison is done by comparing
sequence information using a computer program such as the Genetics Computer Group
(GCG; Madison, Wis.) Wisconsin package version 10.0 program, “GAP” (Devereux et
al., 1984, Nucl. Acids Res. 12 387) or other comparable computer programs. The

preferred default parameters for the “GAP” program includes: (1) the weighted amino
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acid comparison matrix of Gribskov and Burgess ((1986), Nucl. Acids Res. 14: 6745), as
described by Schwartz and Dayhoff, cds., Atlas of Polypeptide Sequence and Structure,

National Biomedical Research Foundation, pp. 353-358 (1979), or other comparable
comparison matrices; (2) a penalty of 30 for each gap and an additional penalty of 1 for
each symbol in each gap for amino acid sequences; (3) no penalty for end gaps; and (4)
no maximum penalty for long gaps. Other programs used by those skilled in the art of
sequence comparison can also be used.

As used herein, the terms “isolate” and “purify” are used interchangeably and
mean to reduce by 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95%, or more, the amount of
heterogenous elements, for example biological macromolecules such as proteins or DNA,
that may be present in a sample comprising a protein of interest. The presence of
heterogenous proteins can be assayed by any appropriate method including High-
performance Liquid Chromatography (HPLC), gel clectrophoresis and staining and/or
ELISA assay. The presence of DNA and other nucleic acids can be assayed by any
appropriate method including gel electrophoresis and staining and/or assays employing
polymerase chain reaction.

As used herein, the term “separation matrix” means any adsorbent material that
utilizes specific, reversible interactions between synthetic and/or biomolecules, e.g., the
property of Protein A to bind to an Fc region of an IgG antibody or other Fc-containing
protein, in order to effect the separation of the protein from its environment. In other
embodiments the specific, reversible interactions can be base on a property such as
isoelectric point, hydrophobicity, or size. In one particular embodiment, a separation
matrix comprises an adsorbent, such as Protein A, affixed to a solid support. See, e.g.,
Ostrove (1990) in “Guide to Protein Purification,” Methods in Enzymology 182: 357-379,
which is incorporated herein in its entirety.

As used herein, the terms “non-native” and “non-native form” are used
interchangeably and when used in the context of a protein of interest, such as a protein
comprising a Fc domain, mean that the protein lacks at least one formed structure
attribute found in a form of the protein that is biologically active in an appropriate in vivo

or in vitro assay designed to assess the protein’s biological activity. Examples of

10
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structural features that can be lacking in a non-native form of a protein can include, but
arc not limitced to, a disulfide bond, quatcrnary structurce, disrupted sccondary or tertiary
structure or a state that makes the protein biologically inactive in an appropriate assay. A
protein in a non-native form can but need not form aggregates.

As used herein, the term ‘“non-native soluble form” when used in the context of a
protein of interest, such as a protein comprising a Fc domain, means that the protein lacks
at least one formed structure attribute found in a form of the protein that is biologically
active in an appropriate in vivo or in vitro assay designed to assess the protein’s
biological activity, but in which the protein is expressed in a form or state that is soluble
intracellularly (for example in the cell’s cytoplasm) or extracellularly (for example, in a
lysate pool).

As used herein, the term “non-native limited solubility form” when used in the
context of a protein of interest, such as a protein comprising a Fc domain, means any
form or statc in which thc protcin lacks at lcast onc formed structural fecature found in a
form of the protein that (a) is biologically active in an appropriate in vivo or in vitro assay
designed to assess the protein’s biological activity and/or (b) forms aggregates that
require treatment, such as chemical treatment, to become soluble. The term specifically
mcludes proteins existing in inclusion bodies, such as those sometimes found when a
rccombinant protein is cxpressed in a non-mammalian cxpression system.

As used herein, the term “soluble form” when used in the context of a protein of
interest, such as a protein comprising a Fc domain, broadly refers to a form or state in
which the protein is expressed in a form that is soluble in a intracellularly (for example in

the cell’s cytoplasm) or extracellularly (for example, in a cell lysate pool).

11. Direct Capture of a Protein Expressed in a Non-Native Soluble Form

in a Non-mammalian Expression System

One advantage of the disclosed method over typical purification methods is the
elimination of the need for a refolding step before the soluble protein is applied to the
separation matrix. That is, a protein solublized in cell lysate can be directly applied to the
separation matrix. This is advantageous because the method does not require any initial

purification efforts, although an initial filtration step may be desirable in some cases.
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In the case of a protein comprising a F¢ domain, the Fc region must have a certain
level of structure to be bound by protein A, (Wang ct al., (1997) Biochem. J. 325(Part
3):707-710). This fact has limited the application of separation matrices for purifying
proteins that are expressed in a non-native soluble form, particularly proteins comprising
an Fc region, because it is commonly believed that a soluble non-native Fc-containing
protein would not have the requisite structural elements required to associate with a
separation matrix. Furthermore, the Fc region of an antibody spontancously forms a
homodimer under non-reducing conditions and prior to the instant disclosure it was
unexpected to observe that even in the reductive environment of the cell, the Fc-
conjugated proteins and peptides not only form enough structure for protein to bind to the
affinity resin, but that the individual peptide chains readily formed non-covalent dimers,
even though the proteins had not yet been completely refolded to native form.

In view of prevailing beliefs, the success of the disclosed method was surprising
and unanticipated becausc it was not cxpected that a non-mammalian, microbial ccll
fermentation could be induced to produce a protein that was soluble, yet still had enough
structure to associate with the affinity separation matrix.

The disclosed method can be employed to purify a protein of interest that is
expressed in a non-native soluble form in a non-mammalian cell expression system. The
protcin of intercst can be produced by living host cells that cither naturally producc the
protein or that have been genetically engineered to produce the protein. Methods of
genetically engineering cells to produce proteins are known in the art. See, e.g., Ausabel

et al., eds. (1990), Current Protocols in Molecular Biology (Wiley, New York). Such

methods include introducing nucleic acids that encode and allow expression of the
protein into living host cells. In the context of the present disclosure, a host cell will be a
non-mammalian cell, such as bacterial cells, fungal cells, yeast cells, and insect cells.
Bacterial host cells include, but are not limited to, Escherichia coli cells. Examples of
suitable E. coli strains include: HB101, DH50a, GM2929, IM109, KW251, NM538,
NM3539, and any E. coli strain that fails to cleave foreign DNA. Fungal host cells that
can be used include, but are not limited to, Saccharomyces cerevisiae, Pichia pastoris
and Aspergillus cclls. New ccll lines can be cstablished using methods known to thosc

skilled in the art (e.g., by transformation, viral infection, and/or selection). It is noted that
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the method can be performed on proteins that are endogenously expressed by the non-
mammalian ccll as well.

During the production of a non-mammalian culture, growth conditions can be
identified and employed so as to favor the production of a protein of interest in an
intracellular soluble form. Such conditions can be identified by systematic empirical
optimization of the culture condition parameters, such as temperature or pH. This
optimization can be achieved using analysis of multifactorial matrices. For example, a
matrix or series of multifactorial matrices can be evaluated to optimize temperature and
pH conditions favor production of a desired species (i.e., a non-native soluble form). An
optimization screen can be set up to systematically evaluate temperature and pH in a full
or partial factorial matrix, with each component varied over a range of at least three
temperature or pH levels with all other parameters kept constant. The protein can be
expressed and the yield and quality of protein expressed in the desired form can be
cvaluated using standard multivariate statistical tools.

Initially, non-mammalian cells that express a particular protein of interest are
grown to a desired target density under conditions designed to induce expression of the
protein in a soluble form. In one embodiment, the cells express a wild type protein of
interest. In another embodiment, the cells can be engineered using standard molecular
biology techniques to reccombinantly cxpress a protcin of intcrest, and induced to produce
the protein of interest. The protein of interest can be any protein, for example a protein
that comprises an Fc moiety. Such a protein can be, for example, an antibody, a
peptibody or an Fc¢ fusion protein, any of which can be joined to an Fc moiety via a
linker.

Once the desired target density is reached, the non-mammalian cells are separated
from the growth media. One convenient way of achieving separation is by
centrifugation, however filtration and other clarification methods can also be used.

The cells are then collected and are resuspended to an appropriate volume in a
resuspension solution. Examples of resuspension solutions that can be used in the
disclosed methods include phosphate buffered saline, Tris buffered saline, or water. The
selection of an appropriate buffer will be determined, in part, by the properties of the

molecule of interest as well as any volume or concentration constraints.
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Following resuspension, the non-mammalian cells are lysed to release the protein,
which will be present in the ccll lysate in a non-native soluble form to gencrate a cell
lysate. The lysis can be performed using any convenient means, such as feeding the cell
suspension through a high pressure homogenizer or by employing a chemical lysis
process. Whichever lytic process is selected, the function of the lysis step is to break
open the cells and to break down DNA. The lysis can be performed in multiple cycles to
achieve a more complete lysis or to accommodate large volumes of cell suspension. For
example, the cell suspension can be fed through a mechanical homogenizer several times.
This process releases the intracellular contents, including the protein of interest, and
forms a pool of cell lysate.

Following the lysis procedure, the cell lysate can optionally be filtered. Filtration
can remove particulate matter and/or impurities, such as nucleic acids and lipids, and may
be desirable in some cases, such as when one suspects that direct application of the cell
lysatc to the chromatography cquipment or mcdia may lcad to fouling or clogging, or
when the separation matrix is sensitive to fouling or difficult to clean in-place. The
benefit of filtering the cell lysate prior to contacting it with the separation matrix can be
determined on a case-by-case basis.

After the lysis procedure, the cell lysate can optionally be incubated for an
appropriatc amount of timc in the prescnce of air or oxygen, or cxposcd to a redox
component or redox thiol-pair. The incubation can facilitate and/or ensure the formation
of the minimal secondary structure required to facilitate an association with a separation
matrix. The particular length of the incubation can vary with the protein but is typically
less than 72 hours (e.g., 0, 0.5, 1, 2, 3, 5,7, 10, 12, 18, 24, 36, 48 or 72 hours). When an
incubation is performed, the length of incubation time can be determined by empirical
analysis for each protein, which in some cases will be shorter (or omitted) and other cases
longer.

Following the incubation period the cell lysate, which comprises the released
protein of interest, is contacted with a separation matrix under conditions suitable for the
protein to associate with a binding element of the separation matrix. Representative
conditions conducive to the association of a protein with an affinity matrix are provided

in the Examples. The separation matrix can be any media by which the protein of interest
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can be separated from the components of the resuspension and/or lysis buffer, including
impuritics such as host ccll protcins, DNA, lipids and chemical impuritics introduced by
the components of the resuspension and/or lysis buffer.

Proteins A and G are often employed to purify antibodies, peptibodies and other
fusion proteins comprising a Fc region by affinity chromatography. See, e.g., Vola et al.
(1994), Cell Biophys. 24-25: 27-36; Aybay and Imir (2000), J. Immunol. Methods 233(1-
2): 77-81; Ford et al. (2001), J. Chromatogr. B 754: 427-435. Proteins A and G are
useful in this regard because they bind to the Fc region of these types of proteins.
Recombinant fusion proteins comprising an Fc region of an IgG antibody can be purified
using similar methods. Proteins A and G can be employed in the disclosed methods as an
adsorbent component of a separation matrix.

Thus, examples of separation matrices that can be employed in the present
invention include Protein A resin, which is known to be, and is commonly employed as,
an cffcctive agent for purifying molccules comprising an Fc moicty, as well as Protcin G
and synthetic mimetic affinity resins, such as MEP HyperCel® chromatography resin.

After the protein of interest has been associated with the separation matrix by
contacting the cell lysate containing the protein with the separation matrix, thereby
allowing the protein to associate with the adsorbent component of the separation matrix,
the scparation matrix is washed to remove unbound lysatc and impuritics.

The wash buffer can be of any composition, as long as the composition and pH of
the wash buffer is compatible with both the protein and the matrix, and maintains the
interaction between the protein and the matrix. Examples of suitable wash buffers that
can be employed include solutions containing glycine, Tris, citrate, or phosphate;
typically at levels of 5-100 mM (e.g., 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75 or 100 mM).
These solutions can also contain an appropriate salt ion, such as chloride, sulfate or
acetate at levels of 5-500 mM (e.g., 5, 10, 12, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450 or 500 mM). The resin can be washed once or any number of
times. The exact composition of a wash buffer will vary with the protein being purified.

After the separation matrix with which the protein has associated has been
washed, the protein of interest is eluted from the matrix using an appropriate solution.

The protein of interest can be eluted using a solution that interferes with the binding of
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the adsorbent component of the separation matrix to the protein, for example by
disrupting the intcractions between the scparation matrix and the protein of interest. This
solution can include an agent that can either increase or decrease pH, and/or a salt. For
example, the pH can be lowered to about 4.5 or less, for example to between about 3.3
and about 4.0, e.g., 3.3,3.4,3.5,3.6,3.7,3.8,3.9,4.0,4.1,4.2,4.3, 44 or 4.5. A solution
comprising citrate or acetate, for example, can be employed to lower the pH. Other
methods of elution are also known, such as via the use of chaotropes (see, e.g., Ejima et
al. (2005) Aralytical Biochemistry 345(2):250-257) or amino acid salts (see, e.g.,
Arakawa et al. (2004) Protein Fxpression & Purification 36(2):244-248). Protocols for
such affinity chromatography are well known in the art. See, e.g., Miller and Stone
(1978), J. Immunol. Methods 24(1-2): 111-125. Conditions for binding and eluting can
be readily optimized by those skilled in the art. The exact composition of an elution
buffer will vary with the protein being purified. The protein can then optionally be further
purificd from the clution pool and rcfolded as necessary. In other situations the protcin
need not be further purified and instead can be refolded directly from the elution pool.
Refolding directly from the elution pool may or may not require denaturation or
reduction of the protein prior to incubation in a refolding solution and will depend in part
on the properties of the protein.

In somc cascs it will be desirable to provide the scparation matrix in a column
format. In such cases a chromatography column can be prepared and then equilibrated
before the cell suspension is loaded. Techniques for generating a chromatography
column are well known and can be employed. An optional preparation and equilibration
step can comprise washing the column with a buffer having an appropriate pH and salt
condition that is conducive to protein-matrix interactions. This step can provide the
benefit of removing impurities present in the separation matrix and can enhance the
binding of the protein to be isolated to the adsorbent component of a separation matrix.

As noted, the separation matrix can be disposed in a column. The column can be
run with or without pressure and from top to bottom or bottom to top. The direction of
the flow of fluid in the column can be reversed during the purification process.
Purifications can also be carried out using a batch process in which the solid support is

separated from the liquid used to load, wash, and elute the sample by any suitable means,
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mcluding gravity, centrifugation, or filtration. Moreover, purifications can also be
carricd out by contacting thc sample with a filter that adsorbs or rectains some moleculcs
in the sample more strongly than others, such as anion exchange membrane
chromatography.

If desired, the protein concentration of a sample at any given step of the disclosed
method can be determined, and any suitable method can be employed. Such methods are
well known in the art and include: 1) colorimetric methods such as the Lowry assay, the
Bradford assay, the Smith assay, and the colloidal gold assay; 2) methods utilizing the
UV absorption properties of proteins; and 3) visual estimation based on stained protein
bands on gels relying on comparison with protein standards of known quantity on the
same gel. See, e.g., Stoschek (1990), “Quantitation of Protein,” in “Guide to Protein
Purification,” Methods in Enzymology 182: 50-68. Periodic determinations of protein
concentration can be useful for monitoring the progress of the method as it is performed.

It is notcd that any or all steps of the discloscd mcthods can be carricd out
manually or by any convenient automated means, such as by employing automated or

computer-controlled systems.

111. Direct Capture of Non-Native Limited Solubility Protein Forms From a Refold

Solution Following Exprcssion in Non-mammalian Cclls

In another aspect of the present disclosure, a method of purifying a protein
expressed in a non-native limited solubility form in a non-mammalian expression system
is disclosed. An advantage of the disclosed method is that the method eliminates the
need for removing or diluting the refold solution before applying the protein to a
separation matrix, thereby saving the time and resources associated with what is a typical
step in a purification process for isolating proteins expressed in a non- native limited
solubility form.

Non-mammalian cells, e.g., microbial cells, can produce recombinant proteins
that are expressed intracellularly in either a soluble or a limited solubility form. When
the growth conditions are not directed to force expression of the protein in a soluble form,
the cells may deposit the recombinant proteins into large relatively insoluble aggregates,

such as inclusion bodies. These aggregates comprise protein that is typically not
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biologically active or less active than the completely folded native form of the protein. In
ordcr to produce a functional protein, these inclusion bodics often need to be carcfully
denatured so that the protein of interest can be extracted and refolded into a biologically
active form.

In typical approaches, the inclusion bodies need to be captured, washed, exposed
to a denaturing and/or reducing solubilization solution and the denaturing solution is then
diluted with a solution to generate a condition that allows the protein to refold into an
active form and form a structure that is found in the native protein. Subsequently, it is
necessary to remove the components of the diluted denaturing solution from the
immediate location of the protein. In order to do this, the refold solution comprising the
solubilization solution and the refolded protein is typically diluted with a buffered
solution before it is applied to a separation matrix, such as a Protein A ion exchange or
other mixed-mode adsorbents. This process can be time-consuming and resource-
intensive. It also significantly increascs the volumes that nced to be handled, as well as
the associated tankage requirements, which can become limiting when working on large
scales. The disclosed method eliminates the need for such a dilution step

The disclosed method is particularly useful for purifying a protein of interest that
is expressed in a non-native limited solubility form in a non-mammalian cell expression
systcm. The protein of intercst can be produced by living host cclls that cither naturally
produce the protein or that have been genetically engineered to produce the protein.
Methods of genetically engineering cells to produce proteins are well known in the art.

See, e.g., Ausabel et al., eds. (1990), Current Protocols in Molecular Biology (Wiley,

New York). Such methods include introducing nucleic acids that encode and allow
expression of the protein into living host cells. In the context of the present disclosure,
these host cells will be non-mammalian cells, such as bacterial cells, fungal cells.
Bacterial host cells include, but are not limited to Escherichia coli cells. Examples of
suitable E. coli strains include: HB101, DH50a, GM2929, IM109, KW251, NM538,
NM3539, and any E. coli strain that fails to cleave foreign DNA. Fungal host cells that
can be used include, but are not limited to, Saccharomyces cerevisiae, Pichia pastoris
and Aspergillus cclls. New ccll lines can be cstablished using mcthods well know by

those skilled in the art (e.g., by transformation, viral infection, and/or selection). It is
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noted that the method can be performed on endogenous proteins that are naturally
cxpresscd by the non-mammalian ccll as well.

Initially, non-mammalian cells that express a particular protein of interest are
grown to a desired target density. In one embodiment, the cells can be expressing a
particular wild type microbial protein of interest. In another embodiment, the cells can be
engineered using standard molecular biology techniques to recombinantly express a
protein of interest, and in this context they can be induced to overproduce the protein of
interest. The protein of interest can be any protein, for example a protein that comprises
an Fc moiety. Such a protein can be, for example, an antibody, a peptibody or an Fc
fusion protein, any of which can be joined to an Fc moicty via a linker.

Once the desired target density is reached, the non-mammalian cells can be
separated from the growth media. One convenient way of achieving separation is by
centrifugation, however filtration and other clarification methods can also be used.

The cells arc then collected and arc resuspended to an appropriatc volume in a
resuspension solution. Examples of resuspension solutions that can be used in the present
invention include phosphate-buffered saline, Tris-buffered saline, or water. The selection
of an appropriate buffer will be determined, in part, by the properties of the molecule of
interest as well as any volume or concentration constraints.

In order to relcasc the limited solubility non-native protcin from the cclls, the non-
mammalian cells are lysed to form a cell lysate comprising the released the limited
solubility non-native protein. The lysis can be performed in any convenient way, such as
feeding the cell suspension through a high pressure homogenizer or by employing a
chemical lysis process. Whichever lysis process is selected, the function of the lysis step
is to break open the cells and to break down DNA. The lysis can be performed in
multiple cycles to achieve a more complete lysis or to accommodate large volumes of cell
suspension. For example, the cell suspension can be fed through a mechanical
homogenizer several times. This process releases the intracellular contents, including the
naturally-occurring or recombinant protein of interest, and forms a pool of cell lysate.

Next, the limited solubility non-native protein is separated from the rest of the
lysis pool. This can be done, for example, by centrifugation. Representative conditions

for a centrifuge-mediated separation or washing typically include removal of excess

19



WO 2010/151688 PCT/US2010/039854

water from the cell lysate, resuspension of the resulting slurry in a resuspension solution.
This washing proccss may be performed once or multiple times. Examples of typical
centrifuge types include, but are not limited to, disk-stack, continuous discharge, and tube
bowl. Examples of resuspension solutions that can be used in the present invention
include phosphate-buffered saline, Tris-buffered saline, or water and can include other
agents, such as ETDA or other salts. The selection of an appropriate buffer will be
determined, in part, by the properties of the molecule of interest as well as any volume or
concentration constraints. The exact composition of an resuspension buffer will vary
with the protein being purified.

The expressed protein is then solubilized in a solubilization solution comprising
one or more of (i) a denaturant, (ii) a reductant and (iii) a surfactant. The denaturant can
be included as a means of unfolding the limited solubility protein, thereby removing any
existing structure, exposing buried residues and making the protein more soluble.

Any denaturant can be cmployed in the solubilization solution. Examplces of
some common denaturants that can be employed in the refold buffer include urea,
guanidinium, dimethyl urea, methylurea, or ethylurea. The specific concentration of the
denaturant can be determined by routine optimization.

The reductant can be included as a means to reduce exposed residues that have a
propensity to form covalent intra or intcrmolccular-protcin bonds and minimize non-
specific bond formation. Examples of suitable reductants include, but are not limited to,
cysteine, DTT, beta-mercaptoethanol and glutathione. The specific concentration of the
reductant can be determined by routine optimization.

A surfactant can be imcluded as a means of unfolding the limited solubility non-
native protein, thereby exposing buried residues and making the protein more soluble.
Examples of suitable surfactants include, but are not limited to, sarcosyl and sodium
dodecylsulfate. The specific concentration of the surfactant can be determined by routine
optimization.

Although the composition of a solubilization solution will vary with the protein
being purified, in one particular embodiment the solubilization solution comprises 4-6 M

guanidine, 50 mM DTT.
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Continuing, a refold solution comprising the solubilization solution (which
compriscs the protcin), and a rcfold buffer is formed. The refold buffer compriscs onc or
more of (i) a denaturant; (ii) an aggregation suppressor; (iii) a protein stabilizer; and (iv)
a redox component. The denaturant can be included as a means of modifying the
thermodynamics of the solution, thereby shifting the equilibrium towards an optimal
balance of native form. The aggregation suppressor can be included as a means of
preventing non-specific association of one protein with another, or with one region of a
protein with another region of the same protein. The protein stabilizer can be included as
a means of promoting stable native protein structure and may also suppress aggregation.

In various embodiments, the denaturant in the refold buffer can be selected from
the group consisting of urea, guanidinium salts, dimethyl urea, methylurea and ethylurea.

In various embodiments, the protein stabilizer in the refold buffer can be selected
from the group consisting of arginine, proline, polyethylene glycols, non-ionic
surfactants, ionic surfactants, polyhydric alcohols, glyccrol, sucrosc, sorbitol, glucosc,
Tris, sodium sulfate, potassium sulfate and osmolytes.

In various embodiments, the aggregation suppressor can be selected from the
group consisting of arginine, proline, polyethylene glycols, non-ionic surfactants, ionic
surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol, glucose, Tris, sodium sulfate,
potassium sulfatc and osmolytcs.

In various embodiments, the thiol-pairs can comprise at least one component
selected from the group consisting of glutathione-reduced, glutathione-oxidized, cysteine,
cystine, cysteamine, cystamine and beta-mercaptocthanol.

The specific concentrations of the components of a refold buffer can be
determined by routine optimization. For example, a matrix or series of multifactorial
matrices can be evaluated to optimize the refolding buffer for conditions that optimize
yield and distributions of desired species. An optimization screen can be set up to
systematically evaluate denaturant, aggregation suppressor, protein stabilizer and redox
component concentrations and proportions in a full or partial factorial matrix, with each
component varied over a range of concentrations with all other parameters kept constant.
The completed reactions can be evaluated by RP-HPLC and SE-HPLC analysis for yield

and product quality using standard multivariate statistical tools.
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The function of the buffer component of the refold solution is to maintain the pH
of thc rcfold solution and can comprisc any buffer that buffers in the appropriatc pH
range. Examples of the buffering component of a refold buffer that can be employed in
the method include, but are not limited to, phosphate buffers, citrate buffers, tris buffer,
glycine buffer, CHAPS, CHES, and arginine-based buffers, typically at levels of 5-100
mM (e.g., 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 80, 85, 90, 95 or 100,
mM).

Although the composition of an refold buffer will vary with the protein being
purified, in one embodiment a refold buffer comprises arginine, urea, glycerol, cysteine
and cystamine.

The refold solution can then be incubated for a desired period of time. The
incubation period can be of any length but is typically between 0 and 72 hours (e.g., 0,
0.5,1,2,3,5,7,10, 12, 18, 24, 36, 48 or 72 hours).

After an appropriatc incubation time, thc rcfold solution is then applicd to a
separation matrix under conditions suitable for the protein to associate with the matrix.
The separation matrix can be any media by which the protein of interest can be separated
from the components of the resuspension and/or lysis buffer, including impurities such as
host cell proteins, DNA and chemical impurities introduced by the components of the
solubilization and/or lysis buffcr.

Proteins A and G are often employed to purify antibodies, peptibodies and other
fusion proteins comprising a Fc region by affinity chromatography. See, e.g., Vola et al.
(1994), Cell Biophys. 24-25: 27-36; Aybay and Imir (2000), J. Immunol. Methods 233(1-
2): 77-81; Ford et al. (2001), .J. Chromatogr. B 754: 427-435. Proteins A and G are
useful in this regard because they bind to the Fc¢ region of these types of proteins.
Recombinant fusion proteins comprising an Fc region of an IgG antibody can be purified
using similar methods. Proteins A and G can be employed in the disclosed methods as an
adsorbent component of a separation matrix.

Thus, examples of affinity separation matrices that can be employed in the present
invention include Protein A resin, which is know to be, and is commonly employed as, an
effective agent for purifying molecules comprising an Fc moiety, as well as Protein G

and synthetic mimetic affinity resins. Other materials that can be employed include HIC
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and ion exchange resins (see Example 4), depending on the properties of the protein to be
purificd.

It is noted that when performing the method, the refold solution comprising the
refolded protein of interest is applied directly to the separation matrix, without the need
for diluting or removing the components of the solution required for refolding the protein.
This is an advantage of the disclosed method. Initially, it was expected that the highly
ionic and/or chaotropic compounds and various other components of the refold solution
would inhibit the association of the protein with the separation matrix. However, in
contrast to reports in the literature (e.g., Wang et al. (1997) Biochemical Journal.
325(Part 3):707-710), it was surprising to observe that the protein was in fact able to
associate with the separation matrix in the presence of the components of the refold
solution. The unexpected finding that the protein could associate with the separation
matrix in the presence of the components of the refold solution facilitates the elimination
of a dilution stcp or buffcr cxchange opceration, providing a savings of time and resourccs.

After the protein of interest has associated with the separation matrix the
separation matrix is washed to remove unbound protein, lysate, impurities and unwanted
components of the refold solution.

The wash buffer can be of any composition, as long as the composition and pH of
the wash buffer is compatible with both the protcin and the matrix. Examplces of suitable
wash buffers that can include, but are limited to, solutions containing glycine, tris, citrate,
or phosphate. These solutions may also contain an appropriate salt. Suitable salts
include, but are not limited to, sodium, potassium, ammonium, magnesium, calcium,
chloride, fluoride, acetate, phosphate, and/or citrate. The pH range is chosen to optimize
the chromatography conditions, preserve protein binding, and to retain the desired
characteristics of the protein of interest. The resin can be washed once or any number of
times. The exact composition of a wash buffer will vary with the protein being purified.

After the separation matrix with which the protein has associated has been
washed, the protein of interest is eluted using an appropriate solution (e.g., a low pH
buffered solution or a salt solution) to form an elution pool comprising the protein of

interest.
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The protein of interest can be eluted using a solution that interferes with the
binding of the adsorbent componcnt of the scparation matrix to the protein, for cxample
by disrupting the interactions between Protein A and the Fc region of a protein of interest.
This solution may include an agent that can either increase or decrease pH, and/or a salt.
In various embodiments, the elution solution can comprise acetic acid, glycine, or citric
acid. Elution can be achieved by lowering the pH. For example, the pH can be lowered
to about 4.5 or less, for example to between about 3.3 to about 4.2 (e.g., 3.3, 3.4, 3.5, 3.6,
3.7, 3.8, 3.9, 4.0, 4.1 or 4.2, using a solution comprising citrate or acetate, among other
possibilities.

In some situations, the protein can then be further purified from the ¢lution pool
and can be further refolded, if necessary. In other situations the protein need not be
further purified and instead can be further refolded directly in the elution pool, if
necessary.

Protocols for such affinity chromatography arc known in the art. Sce, e.g., Miller
and Stone (1978), J. Immunol. Methods 24(1-2): 111-125. In the cases that utilize ion
exchange, mixed-mode, or hydrophobic interaction chromatography, the concentration of
salt can be increased or decreased to disrupt ionic interaction between bound protein and
a separation matrix. Solutions appropriate to effect such elutions can include, but are not
limited to, sodium, potassium, ammonium, magncsium, calcium, chloride, fluoride,
acetate, phosphate, and/or citrate. Other methods of elution are also known. Conditions
for binding and eluting can be readily optimized by those skilled in the art.

The exact composition of an eclution buffer will vary with the protein being
purified and the separation matrix being employed.

In some cases it will be desirable to situate the separation matrix in a column
format. In such cases a column can be prepared and then equilibrated before the cell
suspension is loaded. Techniques for generating a chromatography column are well
known and can be employed. The optional preparation and equilibration step can
comprise washing the column with a buffer having an appropriate pH and composition
that will prepare the media to bind a protein of interest. This step has the benefit of
removing impurities present in the separation matrix and can enhance the binding of the

protein to be isolated to the adsorbent component of a separation matrix.

24



WO 2010/151688 PCT/US2010/039854

It is noted that any or all steps of the invention can be carried out by any
mcchanical means. As noted, the scparation matrix can be disposcd in a column. The
column can be run with or without pressure and from top to bottom or bottom to top. The
direction of the flow of fluid in the column can be reversed during the purification
process. Purifications can also be carried out using a batch process in which the solid
support is separated from the liquid used to load, wash, and e¢lute the sample by any
suitable means, including gravity, centrifugation, or filtration. Moreover, purifications
can also be carried out by contacting the sample with a filter that adsorbs or retains some
molecules in the sample more strongly than others.

If desired, the protein concentration of a sample at any given step of the disclosed
method can be determined by any suitable method. Such methods are well known in the
art and include: 1) colorimetric methods such as the Lowry assay, the Bradford assay, the
Smith assay, and the colloidal gold assay; 2) methods utilizing the UV absorption
propertics of protcins; and 3) visual cstimation bascd on stained protcin bands on gcls
relying on comparison with protein standards of known quantity on the same gel. See,
e.g., Stoschek (1990), “Quantitation of Protein,” in “Guide to Protein Purification,”
Methods in Enzymology 182: 50-68. Periodic determinations of protein concentration can
be useful for monitoring the progress of the method as it is performed.

It is notcd that any or all steps of the discloscd mcthods can be carricd out
manually or by any convenient automated means, such as by employing automated or

computer-controlled systems.

1V. Column Cleaning

In another aspect the present disclosure relates to the observation that in many
cases the separation matrix employed in the methods provided herein can be cleaned after
multiple separations and reused. This unexpected property of the method provides a
significant cost and resource savings, particularly on the manufacturing scale, since the
separation matrix need not be discarded after a separation is complete.

Common wisdom in the industry suggests that after a separation matrix, such as
Protein A, is repeatedly exposed to highly heterogenous feedstocks comprising high lipid

and host protein content it becomes irreversibly contaminated and unusable when treated
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with the mild regeneration solutions commonly utilized for protein-based affinity resins.
The discloscd mcthods, howcver, avoid this situation and cxtend the usable lifctime of a
separation matrix. In the context of a large scale manufacturing process this can translate
into a measurable savings of time and money. Moreover, the cleaning step can be
performed, as disclosed in the Examples, in-place and with no need to extract the
separation matrix from a column or other matrix retaining device for cleaning, thus
saving time and resources.

In one embodiment of a cleaning operation of a separation matrix, following a
separation employing the disclosed method the separation matrix is washed with a
regeneration reagent, such as sodium hydroxide, or an acidic reagent, such as phosphoric
acid.

In one particular embodiment of a cleaning operation, Protein A is the separation
matrix and a column containing Protein A resin is washed with 5 column volumes of 150
mM phosphoric acid and hcld for >15 minutcs over the column. Following thc wash
with the acid, the column can be flushed with water, regenerated with 5 column volumes
of 50mM Tris, 10mM citrate, 6M urea, 50mM DTT; pH 7.4, subsequently washed with
water, and then flushed with 3 column volumes of 150 mM phosphoric acid. This
cleaning protocol has been utilized to achieve over 200 cycles of protein A resin. Figure

3 highlights the results achicvable using the discloscd clecaning mcthods.

EXAMPLES
The following examples demonstrate embodiments and aspects of the present

invention and are not intended to be limiting.

Example 1

Direct Capture of Proteins Expressed in a Soluble Form

Using Protein A Affinity Chromatography

The following experiment demonstrates that a protein comprising a plurality of
polypeptides joined to an Fc moiety can be separated from an E. cofi cell lysate slurry

using a Protein A affinity media.
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A protein comprising a plurality of polypeptides joined to an Fc moiety was
cxpressed in an E. coli fermentation induced at 30°C and driven to cxpress soluble-form
protein product. The fermentation broth was centrifuged, the liquid fraction removed,
and the cell paste was collected. The cells were resuspended in a 10 mM potassium
phosphate, 5 mM EDTA; pH 6.8 buffer solution, to approximately 100% of the original
volume. The cells were then lysed by means of three passes through a high pressure
homogenizer. After the cells were lysed, the cell lysate was filtered through a 0.1pm
filter to reduce particulate levels. The material was then stored in a closed bottle for ~ 24
hours at approximately 5°C.

In a separate operation, a packed column comprising GE Healthcare Mab
Select™ Protein A affinity resin was prepared and equilibrated with 5 column volumes
(CV) of 10mM Tris; pH 8.0.

An aliquot of a protein comprising an Fc moiety was sampled directly from a
lysate. The protcin mixturc was loaded to approximatcly 0.02 millimoles total protein/L
resin at a 6-10 minute residence time. See Figure 1, which correlates protein bound and
protein loaded as a function of residence time.

After loading, the column was washed with 10mM Tris; pH 8.0, for 5 CV at up to
220 cm/hr. The protein of interest was recovered from the resin by elution with 50mM
sodium acctate, pH 3.1 at up to 220 cm/hr. The clution pool yiclded greatcr than 90%
recovery of the soluble material in the initial cell broth. The collected protein in the
clution pool was stored at 2-8°C until the next purification step was carried out.

Following the separation, the resin media was cleaned in-place by flowing 5 CV
of 6 M Guanidine, pH 8.0 at 220 cm/hr.

The results of this separation demonstrated that a soluble protein expressed in a
non-mammalian system can be captured and purified, with high yield, directly from cell
lysate broth without having to refold the protein prior to application to a separation

matrix.
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Example 2

Capturc of a Fc-containing Protcin Expressed in a Limited Solubility Form From a

Refold Mixture Using Protein A Affinity Chromatography

The following experiments demonstrate that an Fc-containing protein can be
separated from a refold mixture comprising glycerol, guanidine, urea, and arginine using
Protein A affinity media.

In one experiment, a recombinant protein comprising a biologically active peptide
linked to the C-terminus of the Fc moiety of an IgGG1 molecule via a linker and having a
molecular weight of about 57 kDa and comprising 8 disulfide bonds, in a non-
mammalian expression system, namely E coli, harvested, refolded under appropriate
conditions, and captured using Protein A affinity media.

The growth media in which the cells were growing was centrifuged and the liquid
fraction removed, leaving the cells as a paste. The cells were resuspended in water to
approximatcly 60% of thc original volume. The cells were lysed by mcans of three
passes through a high pressure homogenizer.

After the cells were lysed, the lysate was centrifuged in a disc-stack centrifuge to
collect the protein in the solid fraction, which was expressed in a limited solubility non-
native form, namely as inclusion bodies.

The protein slurry was washed multiple times by resuspending the slurry in water
to between 50 and 80% of the original fermentation broth volume, mixing, and
centrifugation to collect the protein in the solid fraction.

The concentrated protein was then combined in a solubilization solution
containing the protein, guanidine, urea, and DTT.

After incubation for one hour, the protein solution was diluted in to a refold buffer
containing appropriate levels of arginine, urea, glycerol, cysteine, and cystamine.

In a separate operation, a packed column comprising ProSep VA Ultra™ Protein
A affinity resin with dimensions of 1.1 cm internal diameter and ~25cm height, was
prepared and equilibrated with 5 column volumes (CV) of 25mM Tris, 100mM sodium
chloride; pH 7.4, or similar buffered solution.

An aliquot of a protein comprising an Fc moiety from the refold solution was

filtered through a series of depth and/or membrane filter to remove particulates. The
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conditioned and filtered protein mixture was loaded to approximately 0.35 millimoles
total protcin/L rcsin at a 6-10 minutc residence time. Sce Figurc 1, which corrclates
protein bound and protein loaded as a function of residence time.

After loading, the column was washed with 25mM Tris, 100mM sodium chloride;
pH 7.4, or similar buffered solution, for 4.5 CV at up to 400 cm/hr. The Fc-contiaing
protein was recovered from the resin by elution with 100mM sodium acetate, pH 3.7 at
up to 300 cm/hr. The average level of purity achieved is shown in Figure 3.

Following the separation, the resin media was cleaned in-place by flowing 5 CV
of 150 mM phosphoric acid. The column was regenerated with SCV of 50mM Tris,
10mM citrate, 6M urea and 50mM DTT; pH 7.4, washed with water, and then flushed
with 3CV of 150 mM phosphoric acid.

The results of this separation demonstrate that an insoluble protein expressed in a
non-mammalian system can be purified directly from a refold buffer without having to
dilutc the refold buffer prior to application to a scparation matrix for morc than 150
cycles, as indicated by the table presented inFigure 3.

In another separation, the Protein A column was cycled with the above procedure
8-10 times and then the final cycle was run as follows: The media was equilibrated with
5 column volumes (CV) of 25mM Tris, 100mM sodium chloride; pH 7.4, or similar
buffered solution. An aliquot of protcin sampled dircctly from a rcfold buffer was
filtered through a series of depth and/or membrane filter to remove particulates. The
conditioned and filtered protein mixture was then loaded on the column to 0.35
millimoles total protein/L resin at a 6-10 minute residence time. See Figure 1, which
correlates protein bound and protein loaded as a function of residence time.

After loading, the column was washed with 25mM Tris, 100mM sodium chloride;
pH 7.4, or similar buffered solution, for 4.5 CV at up to 400 cm/hr. The protein of
interest was recovered from the resin by eluting with 100mM sodium acetate, pH 3.7 at
up to 300 cm/hr. The resin media was cleaned in-place by flowing 5 CV of 150 mM
phosphoric acid over it. Finally, the column was flushed with water, regenerated with
S5CV of 50mM Tris, 10mM citrate, 6M urea, and S0mM DTT; pH 7.4, washed with
water, and then flushed with 3CV of 150 mM phosphoric acid. Subsequent analysis of
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the resin showed no protein carry-over between cycles, demonstrating the ability to re-

usc the resin after both clecaning methods.

Example 3

Separation of an Fc-containing Protein from a Refold Mixture Using

Cation Exchange Chromatography

The following experiments demonstrate that an Fc-containing protein can be
separated from a refold mixture comprising glycerol, guanidine, urea, and arginine using
cation exchange media.

In one experiment, a recombinant protein comprising a biologically active peptide
linked to the C-terminus of the Fc moiety of an IgG1 molecule via a linker and having a
molecular weight of about 57 kDa and comprising 8 disulfide bonds, was expressed in a
non-mammalian expression system, namely £ coli, harvested, refolded under appropriate
conditions, and capturcd using cation cxchange media.

The growth media in which the cells were growing was centrifuged and the liquid
fraction removed, leaving the cells as a paste. The cells were resuspended in water. The
cells were lysed by means of multiple passes through a high pressure homogenizer. After
the cells were lysed, the lysate was centrifuged to collect the protein, which was
cxpressed in a limited solubility non-native form, namecly as inclusion bodics. The
protein slurry was washed multiple times by resuspending the slurry in water, mixing,
and centrifugation to collect the protein. The concentrated protein was then transferred to
a solubilization buffer containing guanidine and DTT. After incubation for one hour, the
protein solution was diluted in to a refold buffer containing appropriate levels of arginine,
urea, glycerol, cysteine, and cystamine.

In a separate operation, a packed column comprising EMD Fractogel S0s™ cation
exchange resin with dimensions of 1.lcm internal diameter and 20cm height, was
prepared and equilibrated with 5 column volumes of 30mM MES; pH 4.5 buffered
solution.

An aliquot of a protein comprising an Fc moiety was sampled directly from a
refold solution, was diluted 3-fold with water, titrated with 50% hydrochloric acid to ~pH

4.5 and was filtered through a series of depth and/or membrane filter to remove
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particulates. The conditioned and filtered protein mixture was loaded to approximately
0.96 millimolcs total protcin/L resin at 60cm/hr.

After loading, the column was washed with 30mM MES; pH 4.5, for 3 CV at 60
cm/hr, then washed with an additional 3 CV of 30mM MES; pH 6.0. The protein of
interest was recovered from the resin by gradient elution over 25 CV between 30mM
MES; pH 6.0 and 30mM MES, 500 mM NaCl; pH 6.0 at 60 cm/hr. The collected protein
in the elution pool was stored at 2-8°C until the next purification step was carried out.

Purity levels achieved, as determined by SEC and RP-HPLC are shown in Figure

Following the separation, the resin media was cleaned in-place by flowing 3 CV
of 1 M sodium hydroxide, at 120 cm/hr and held for 60 minutes prior an additional 3CV
wash with 1 m sodium hydroxide.

The results of this separation demonstrate that an insoluble protein expressed in a
non-mammalian systcm can be capturcd and purified from a rcfold buffer with a varicty

of separation matrices, including an ion-exchange separation matrix.

Example 4

Re-usability of Protein A Affinity Resin Used to Isolate a Fe-containing Protein Directly
from a Rcfold Buffer by Affinity Chromatography

In another aspect of the method, a range of column cleaning methods can be
employed in conjunction with the methods described herein, allowing the
chromatography resins to be reused to an extent that make the method economically
feasible. As described in Examples 2 and 3 for the case of Protein A affinity resins,
cleaning protocols have been developed and demonstrated to remove product and non-
product contaminants from the resin to allow reuse. The cleaning agents include caustic
(e.g. sodium or potassium hydroxide), detergents (e.g. SDS or Triton X-100), denaturants
(e.g. urea or guanidine-derivatives), and reductants (e.g. DTT, or thioglycolates). These
agents can be used in combination or alone.

In order to demonstrate the reusability of column resins following application of
the direct capture methods described, an aliquot of pH adjusted and filtered Fc-containing

protein was loaded on new, unused resin and resin that had been previously cycled 94
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times to evaluate the cleaning of the Protein A resin and the effect on purification binding
and scparation of an Fc-containing protcin with rcgard to resin history.

The media was equilibrated with 5 column volumes (CV) of 25mM Tris, 100mM
sodium chloride; pH 7.4, or similar buffered solution. An aliquot of protein sampled
directly from a refold buffer was filtered through a series of depth and/or membrane filter
to remove particulates. The conditioned and filtered protein mixture was then loaded on
the column to approximately 0.35 millimoles total protein/mL resin at a 6-10 minute
residence time. See Figure 1, which correlates protein bound and protein loaded as a
function of residence time.

After loading, the column was washed with 25mM Tris, 100mM sodium chloride;
pH 7.4, or similar buffered solution, for 4.5 CV at up to 400 cm/hr. The protein of
interest was recovered from the resin by eluting with 100mM sodium acetate, pH 3.7 at
up to 300 cvhr.  Each column was regenerated using 5CV phosphoric acid and 5 CV of
an acidic buffcred solution containing S0mM Tris, 10mM citratc, 6M urca, and 50mM
DTT; pH 7.4.

This procedure was repeated for greater than 100 cycles. Selected samples from
this reuse study were submitted for SEC-HPLC analysis. The goal was to track the %MP
purity, % HMW and % dimer species from the pools as well as to understand the change
of purity lcvel from the load. No major differences were obscrved between the used
columns and new columns.

This Example demonstrates that not only can a complex protein be captured from
a complex chemical solution, but that the resin can be cycled repeatedly and cleaned and

reused reproducibly over a number of industrially-relevant cycles.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method of purifying a protein expressed in a non-native soluble form in a non-
mammalian expression system comprising:

(a) lysing a non-mammalian cell in which the protein is expressed in a non-native
soluble form to generate a cell lysate;

(b) contacting the cell lysate with an separation matrix under conditions suitable for
the protein to associate with the separation matrix;

(c) washing the separation matrix; and

(d) eluting the protein from the separation matrix,

wherein the separation matrix is an affinity resin selected from the group consisting of
Protein A, Protein G and a synthetic mimetic affinity resin.

2. The method of claim 1, wherein the protein is a complex protein.

3. The method of claim 2, wherein the complex protein is selected from the group

consisting of a multimeric protein, an antibody and an Fc fusion protein.

4, The method of any one of claims 1 to 3, wherein the non-mammalian expression

system comprises bacteria or yeast cells.

5. The method of any one of claims 1 to 4, wherein the cell lysate is filtered before

it is contacted with the separation matrix.

6. The method of any one of claims 1 to 5, further comprising refolding the protein

to its native form after it is eluted.

7. A method of purifying a protein expressed in a non-native limited solubility form
in a non-mammalian expression system comprising:

(a) expressing a protein in a non-native limited solubility form in a non-mammalian
cell;

(b) lysing a non-mammalian cell;

(c) solubilizing the expressed protein in a solubilization solution comprising one or
more of the following:

(i) a denaturant;
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(i) a reductant; and
(iii) a surfactant;
(d) forming a refold solution comprising the solubilization solution and a refold
buffer, the refold buffer comprising one or more of the following:
(i) a denaturant;
(i) an aggregation suppressor;
(iii) a protein stabilizer; and
(iv) a redox component;
(e) applying the refold solution to a separation matrix under conditions suitable for
the protein to associate with the matrix;
(f) washing the separation matrix; and
(9) eluting the protein from the separation matrix,
wherein the separation matrix is an affinity resin, selected from the group consisting of

Protein A, Protein G, and synthetic mimetic affinity resin.

8. The method of claim 7, wherein the non-native limited solubility form is a

component of an inclusion body.

9. The method of claim 8 or claim 9, wherein the protein is a complex protein.

10. The method of claim 9, wherein the complex protein is selected from the group

consisting of a multimeric protein, an antibody, a peptibody, and an Fc fusion protein.

1. The method of any one of claims 7 to 10, wherein the non-mammalian

expression system is bacteria or yeast cells.

12. The method of any one of claims 7 to 11, wherein the denaturant of the
solubilisation solution or the refold buffer comprises one or more of urea, guanidinium

salts, dimethyl urea, methylurea and ethylurea.

13. The method of any one of claims 7 to 12, wherein the reductant comprises one

or more of cysteine, dithiothreitol (DTT), beta-mercaptoethanol and glutathione.

14. The method of any one of claims 7 to 13, wherein the surfactant comprises one

or more of sarcosyl and sodium dodecylsulfate.
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15. The method of any one of claims 7 to 14, wherein the aggregation suppressor is
selected from the group consisting of arginine, proline, polyethylene glycols, non-ionic
surfactants, ionic surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol, glucose,

Tris, sodium sulfate, potassium sulfate and osmolytes.

16. The method of any one of claims 7 to 15, wherein the protein stabilizer
comprises one or more of arginine, proline, polyethylene glycols, non-ionic surfactants,
ionic surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol, glucose, tris, sodium

sulfate, potassium sulfate and osmolytes.
17. The method of claim 9, wherein the redox component comprises one or more of
glutathione-reduced, glutathione-oxidized, cysteine, cystine, cysteamine, cystamine and

beta-mercaptoethanol.

18. The method of any one of claims 1 to 17, further comprising the step of washing

the separation matrix with a regeneration reagent.

19. The method of claim 18, wherein the regeneration reagent is one of a strong

base or a strong acid.

20. The method of claim 19, wherein the strong acid is phosphoric acid.

21. The method of claim 20, wherein the strong base is sodium hydroxide.

22. The method of any one of claims 18 to 21, further comprising washing the
separation matrix with a solution comprising one or both of a chaotrope present at a

concentration of 4-6 M and a reductant.

23. The method of claim 22, wherein the chaotrope is one of urea, dimethyl urea,

methylurea, ethylurea, and guanidinium.

24. The method of claim 22 or claim 23, wherein the reductant is one of cysteine,

DTT, beta-mercaptoethanol and glutathione.
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25.  The method of any one of claims 18 to 21, further comprising washing the
separation matrix with a solution comprising 50mM Tris, 10mM citrate, 6M urea, 50mM
DTT atpH 7.4

26. A method of claim 1 or claim 7, substantially as herein described with reference

to any one or more of the examples but excluding comparative examples.



L aunbi4

PCT/US2010/039854

WS poproT dl 8
ool 06 08 0L 09 05 op 0¢ 0z 01 0

- 0T

H

Ov

1/5

09

) Buipuig wsiold

I
;
4

08

O

S s e = R e e s : OO0

SUY DOUBPISAL YR § oo JUUF] ODUID] S5 THURY' ) —-Ho DUIT] DOUDPISIE BUIIZY f o

‘WO 2010/151688

Aypredey SUpProl WIS ¥ UISINA] S3 43

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039854

WO 2010/151688

2/5

Z ©inbiy

b= O palily elecy ,

Al 2 10¢ LS 0 Q¢ Gl {2 1=u) AsQ) pis]i00d payling
£18 2GL7 0Ly L'¥8 289 e L (LL=U) obeloay
- . R 2A% vy LE Pz (gL=u) neQ pPIs pes
- 0000.< 0°00L6 262 S¥L Sve {g1=u) abeloay
%) pieL, (uestosd BuyBd) (wdd) east (%) Alung (%) Aming (o) Ajung
abeiany 19ADTT WN{ UWSI0IH ISOM  MBDJ LB YED] HIBW MBS IBKH

S840 DdH-EA8 DdH-dY

AL @m@m><

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039854

WO 2010/151688

3/5

¢ a.nbi-

L= O} pajituy eiedy

'8l 0541 0se 9y 28 52 {s2[0A2 (051} ABQ PISEIOOd PaNG
€8 268 ar V'8 0°GL (0% {sepAo gy ) obeioay
- . w Gl 6L 60 {6=u) A2 'PIS peo
- 00004< 000vL GG/ L9 0'g¢ (g=u) abeiany
(%) pos, (w=josd BuyBd) (wdd)east (o) Aing (%) Ang (%) Aiung
afuiany BATT YN W10 ISOH  MEDJ BN MBS UIBIN MBS LB
SOAS-AD  DdHES OldMrdY

Alling sbeleay

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039854

WO 2010/151688

4/5

t oinbiy

0% 14

0

I

G WISaY Y| L UusEy ORI -

b U158y K33 -
ISy W]

G ey XH|

{uisal Ypopro 41 B) Ajoede
Ge 0e G2 0z 5t 1)

Z ulgeY XA -5
L uisey X3 e

417

-85

08

A

SUISE SPOW pexip pue sseburyaxg uoy
101 Auneden Buipuig 2IWeUA(] 10 UoBIISUCWIa(

{onin) Busputg uBIoId

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039854

WO 2010/151688

5/5

G aunbi4

0’58 £G1 6°0¢C XAY
029 £ 08 00t XAD
- 9 P9 862 pec

(%) PIBIA. (9% Ang  (9) Apind
sbeisny jged BN MEsd e

DdHES OdH-dyd

SUBSTITUTE SHEET (RULE 26)



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

