
METHODS OF PURIFYING ANTI A BETA ANTIBODIES RELATED APPLICATIONS 5This application
claims priority to U.S. provisional patent application "METHODS OF PURIFYING Fe REGION
CONTAINING PROTEINS', filed June 17, 2005 having serial number 60/691821. The entire content of
this application is incorporated herein. 10 BACKGROUND OF THE INVENTION       Alzheimer's
disease ("AD") is a neurodegenerative disorder characterized by the occurrence of amyloid plaques,
neurofibrillary tangles and significant neuronal loss. p- Amyloid protein (also referred to as the AP
peptide), the main component of senile plaques, has been implicated in the pathogenesis of
Alzheimer's disease (Sellcoe (1989) 15 Cell 58:611-612; Hardy (1997) Trends Neurosci. 20:154-159).
p-.A.myloid has been shown to be both directly toxic to cultured neurons (Lorenzo and Yanlmer (1996)
Ann. IVY Acad. Set 777:89-95) and indirectly toxic through various mediators (Koh et al. (1990) Brain
Research 533:315-320; Mattson et al. (1992) J. Neurosciences 12:376- 389). Additionally, in vivo
models, including the PDAPP mouse and a rat model have 20 linked ll-amyloid to learning deficits,
altered cognitive function, and inhibition of long- term hippocampal potentiation (Chen et at (2000)
Nature 408:975-985; Walsh et al. (2002) Nature 416:535-539). Therefore, a great deal of interest has
focused on therapies that alter the levels of p-amyloid to potentially reduce the severity or even
abrogate the disease itself 25One AD treatment strategy that has recently emerged in response to
successful studies in PDAPP mouse and rat experimental models, is that of passive immunization of
individuals to provide immunoglobtdins such as antibodies specific to p-amyloid. (See e.g., Bard et at
(2000) Nat. Med. 6:916-919 and Bard et al. (2003) Proc. Natl. Acad. Set. USA 100:2023-2028).
Recently, it has also been shown that Abeta reduction 30 by passive immunization protects against the
progressive loss of synaptic degeneration in a transgenic mouse model of Alzheimer's disease. (Buttini
et aL (2005) .1 Neurosci. 25:9096-101).        Recent advances in recombinant technology have
allowed for the production of antibodies against virtually any target, for example, cancer cells, bacteria,
and viruses. Typically, an antibody is produced using a cell line that has been engineered to express
the antibody at high levels. The engineered cell line is subsequently grown in a culture 5 that
comprises a complex mixture of sugars, amino acids, and growth factors, as well as various proteins,
including for example, serum proteins. However, separation of complete antibodies from cell
by-products and culture components to a purity sufficient for use in research or as therapeutics poses
a formidable challenge. The purification of the antibody molecules is especially critical if the antibodies
are to be used as a drug for 10 administration to humans. 



Traditional antibody purification schemes (or trains) often comprise a chromatography step which
exploits an ability of the antibody molecule to preferentially bind or be retained by the solid phase (or
furictionalized solid phase) of a chromatography column compared to the binding or retention of
various impurities. 15 Schemes have been proposed or carried out to purify antibodies which first bind
C1-12/ CH3 region-containing proteins to Protein A immobilized on a solid phase, followed by removal
of impurities bound to the solid phase by washing the solid phase with a hydrophobic electrolyte
solvent and the subsequent recovery of the CH2/ CH3 region-containing proteins from the solid phase.
However, these schemes are limited in that the 20 conditions used to preferentially bind the CH2/ CH3
region-containing proteins also support binding of impurities (e.g., antibodies with incomplete
CH2/CH3 regions). hi the development of human therapeutics, such impurities are highly undesirable.
Accordingly, a need exists for improvements in the purification of proteins or polypeptides having
constant regions, in particular, proteins having Fc regions (e.g., 25 antibodies), produced in cell
culture. SUMMARY OF THE INVENTION The present invention features methods of purifying
AS-binding proteins, in particular, AO-binding antibodies. The methods of the invention are especially
suited for 30 purification of proteins (e.g., antibodies) developed for administration to humans. In
particular, the invention features the purification of proteins having constant regions, in particular,
proteins having Fe regions (e.g., antibodies), produced in cell culture.  3       In various aspects, the
present invention features methods for separating an At3 binding protein having an Pc region, such as
an anti-AP antibody, from a source liquid comprising the protein and one or more impurities. In the
methods of the invention, the Ap binding protein is adsorbed to an Fe binding agent and then the Fe
binding agent is 5 washed with a buffer solution containing a divalent cation salt to remove one or
more impurities. The protein is then recovered from the Pc binding agent in an elution solution. The
methods of the invention are particularly usefin for removing impurities such as intron read through
variant species (IRT), under disulfide bonded species (UDB) and/or low molecular weight variant
species (LMW). The methods of the invention also 10 are effective in removing impurities such as host
cell proteins (I-1CP) and DNA.       The methods of the present invention comprise one or more
chromatographic separation steps and in addition can comprise one or more filtration steps. The
chromatographic separation steps can be continuous or discontinuous (e.g., a batch approach), or a
combination of both. hi various embodiments, the methods comprise 15 one or more filtration steps,
for example, to remove viruses, concentrate and buffer the solution containing the target protein, and,
to remove microbial contaminants,       In various embodiments, the anti-An antibody is a marine
antibody, a chimeric antibody, a humanized antibody or a human antibody. In some embodiments, the
anti-An antibody is an antibody that specifically binds to epitope within residues 1-7, 1-5, 3- 20 7,3-6,
13-23, 15-24, 16-24, 16-21, 19-22, 33-40, 33-42 of ..A.13. Exemplary anti AO antibodies specifically
bind to an epitope within residues 1-10 of AO, such as, for example, within residues 1-7, 1-5, 3-7, or
3-6 of AO. Other exemplary anti A,e 



antibodies specifically bind to an epitope within residues 13-28 of Afi, such as, for example, within
residues 16-21 or 19-22 of AS. Yet other exemplary anti AS antibodies 25 specifically bind to a C
terminal epitope of AO such as, for example, 33-40 or 33-42 of AO. In some embodiments, the anti Ap
antibody binds a discontinuous epitope which includes residues within 1-7 and within 13-28 of AS.
Other embodiments feature Fab, Fab'(2) or Fs/ fragments of anti-An antibodies. In some such
embodiments, the antibody is bispecifie antibody or an antibody made by the process described in
International 30 Patent Publication No. W003/070760.       In a preferred embodiment, the antibody is a
hurnani-ed anti-A0 antibody, and in certain embodiments, is an anti-A5 antibody selected from the
group consisting of 3D6,  4 10D5, 12134, 12A11, 15C11 and 266. The isotype of the antibody can be
Ig_M, IgGI, IgG2, IgG3, IgG4 or any other pharmaceutically acceptable isotype. In preferred
embodiments, the isotyoe is human IgG1 or human 1g04,        In various embodiments, the Af3
binding protein is recombinantly produced. In 5 various embodiments, the AP binding protein is
recombinantly produced in a Chinese Hamster Ovary (CHO) cell.       In various embodiments, the one
or more impurities comprise one or more of a host cell protein, a host cell DNA, a cell culture protein,
an undesired species of the Ap binding protein, and mixtures thereof For example, in various
embodiments, the 10 undesired species of the AP binding protein comprises one or more of antibody
chains or fragments thereof having intron read through sequence, one Or more antibody chains or
fragments thereof having an improper disulfide linkage, a half-antibody or fragment thereof, a light
chain dimer or fragment thereof; and a heavy chain dimer or fragment thereof 15In one aspect, the
methods of the present invention purify an AB binding protein, preferably an anti-A antibody, from a
source liquid comprising the protein and one or more impurities by fu-st adsorbing the protein to an Fe
binding agent, followed by washing the Fc binding agent with a buffer solution containing a divalent
cation salt to remove one or more impurities, and subsequently recovering the protein from the Fe 20
binding agent. In various embodiments, the steps of adsorbing the protein to an Pc binding agent and
washing the Fe binding agent with a buffer solution containing a divalent cation salt, are performed at
temperature in the range between about 2C to about 24C. In various embodiments, the step of
recovering the protein from the Fe binding agent comprises eluting the protein using an elution buffer
having a pH in the 25 range from about 2.0 to about 6.5.      In various embodiments, the Fe region
binding agent comprises one or more of Protein A and Protein G. In a preferred embodiment, the Fe
binding agent is immobilized on a solid phase. This solid phase can comprise, for example, one or
more of a bead, an agarose matrix, silica, and mixtures thereof. 30The divalent cation salt present in
the buffer that is used to wash the Fe binding agent can comprise, for example, a chaotropic salt.
Suitable divalent cation salts for preparation of the wash buffer solution include, but are not limited to,
magnesium 



5 chloride, calcium chloride, nickel chloride and mixtures thereof. In various embodiments, suitable
divalent cation salts for preparation of the wash buffer solution include, but are not limited to,
thiocyanate (SON), perchlorate (Clat), nitrate (NO3), chloride, and bromide salts of divalent group II
(e.g., magnesium, calcium, barium, etc.) 5 cations, divalent transition metal (e.g., copper, nickel,
manganese, etc.) cations, and combinations of these salts. In various embodiments, the buffer solution
containing die divalent cation salt has a pH value in the range between about 4 to about 9, and in
some embodiments, between about 4 to about 8, between about 4.5 to about 7.5 or between about 6
to about 10 8. Values and ranges included and/or inteititediate within the ranges sot forth herein are
also intended to be within the scope of the present invention. For example, the divalent cation salt has
a pH value between about 7.1 to about 7.9, between about 7.2 to about 7.9, between about 7.3 to
about 7.7, between about 7.4 to about 7.6, between about 4 to     about 5, between about 5 to about 6,
between about 6 to about 7, or between about 810 15 about 9.       Moreover, ranges having values
recited herein as an upper or lower limit are intended to be within the scope of the present invention.
For example, the divalent cation salt has a pH of at least about (or about) 4.5, 5, 5.5, 6, 6.5, 7, 7.5, or
8, In various embodiments, the buffer solution, has a divalent cation salt 20 concentration in the range
between about 0.1 M to about 5 M. mid in some embodiments between about 0.5 M to about 3M,
between about 1.0 M to about 3 M or between about 0.6 M to about 2.5 M. For example, the divalent
cation buffer may comprise at least about 0.6 M CaC12, or at least about 2M MgC12 or at least about
2M CaC12. Values and ranges included and/or intermediate within the ranges set forth herein are also
intended 25 to be within the scone of the present invention. For exampk, the buffer solution has a
divalent cation salt concentration between about 0.5 M to about 0.75 M. between about 0.5 M to about
0.8 M. between about 0.5 M to about 0.9 M, between about 0.5 M to 1.0 M, between about 0.5 M to 2
M, between about 1.5 M to about 2.0 M, between about 1.5     M to about 2.5 M, between about 1.5 M
to about 3.0 M, or between about 2.5 M to about 30 3M.       Moreover, ranges having values recited
herein as an upper or lower limit arc intended to be within the scope of the present invention. For
example, the buffer solution has a divalent cation salt concentration of at least about (or about) 0.6 M,
1 M,  6 1.5 M, 2 M. 2.5 M, or 3 M. In various embodiments, the buffer solution containing a divalent
cation salt has a temperature in the range between about 2C to about 24C.       In various
embodiments, the step of recovering the antibody from the Pc binding agent comprises eluting the
antibody using an elution buffer having a p1-1 in the range of 5 about 2.0 to about 6.5, preferably in
the range of about 2.0 to about 4.0, more preferably in the range of about 2.5 to about 3.5. Values and
ranges included and/or intermediate within the ranges set forth herein arc also intended to be within
the scope of the present invention. For example, the elution buffer has a pH of between about 2 to
about 3 or between about 3 to about 4. 



10Moreover, ranges having values recited herein as an upper or lower limit are intended to be within
the scope of the present invention, For example, the elution buffer has a pH of at least about (or about)
2, 2.5, 3, 3.5 or 4.       In various embodiments, the recovered proteins can be subjected to additional
purification steps either prior to, or after, the Fe binding agent chromatography step. For 15 example,
exempla/7 further purification steps include, but are not limited to: anion exchange chromatography,
cation exchange chromatography, immobilized metal affinity chromatography, hydrophobic interaction
chromatography (WIC), hydroxyapatite chromatography, dialysis, affinity chromatography, ammonium
sulphate precipitation, ethanol precipitation, reverse phase HPLC (RP-FIPLC), chromatofocusing, 20
ultrafiltration, diafdtration, microfiltration, and gel filtration. In various embodiments, the Fe binding
agent chromatography step is followed by an anion exchange chromatography and a HIC step. in
various embodiments, the chromatography steps are further followed by a virus filtration step, on
ultratiltrationicliafiltration step, anchor a microbial contaminant filtration step. 25In one aspect, the
present invention provides methods for purifying an AP binding protein, preferably an anti-AP antibody,
from an impurity-containing solution thereof. In various embodiments, the methods comprise first
adsorbing the protein to an Fe binding agent, followed by washing the Pc binding agent with a buffer
solution containing a divalent cation salt to remove one or more impurities, and subsequently 30
recovering the protein from the Pc binding agent to produce a first elueni pool.       In various
embodiments, the purification process continues with subjecting the first eluent pool to ion exchange
chromatography by contacting an ion exchange resin with the first eluent pool such that the target
protein does not adsorb to the resin and  7 recovering the flow-through target protein to produce a
second eluent pool. In various embodiments, the ion exchange chromatography step further comprises
washing the ion exchange resin with a buffered wash solution to recover at least a portion of any
adsorbed target protein. 5In various embodiments, the purification process continues with subjecting
the second eluent pool to hydrophobic interaction chromatography by adsorbing the target protein to a
hydrophobic interaction resin (e.g., a solid phase functionalized with hydrophobic ligands), washing the
hydrophobic interaction resin with a buffered wash solution with an ionic strength which does not
substantially elute the target protein and 10 recovering the purified target protein (typically using an
elution buffer with an ionic strength low enough to elesorb the target protein from the hydrophobic
interaction resin).       In preferred embodiments of the various aspects of the inventions, the Fe
binding agent is immobilized on a solid phase, which is preferably equilibrated with a suitable buffer
prior to contact with the source liquid. The solid phase is preferably a column 15 comprising agarose
immobilizing the Fe binding agent. In various embodiments, the colurrm is coated with a reagent, such
as glycerol, to decrease or prevent nonspecific adherence to the column         In various embodiments,
the proteins purified by methods of the present invention can be formulated in a pharmaceutically
acceptable carrier and used for 20 various diagnostic, therapeutic or other uses known for such
molecules. 



In various aspects, the present invention provides methods for purifying an Af3 binding protein,
preferably an anti-AIS antibody, from a solution containing the protein and Piton read-through variants
([RI) thereof In featured aspects, methods of the present invention are used to reduce the levels of one
or more intron read-through 25 variant species in a protein preparation, for example, in an antibody
preparation. In various embodiments, the protein recovered from the Fe binding agent has a level of
intron read-through variants that is at least 5 fold less than the level of introit read-through variants in
the source liquid, and in some embodiments at least 10 fold less than the level of intron read-through
variants in the source liquid. In various embodiments, 30 the intron read-through variants comprise
less than about 1.0%, 0.8%, 0.5%, 0.2% or 0.1% of the species of said protein in the solution
containing said protein recovered from the Fe binding agent.  8       hi various aspects, the present
invention provides methods for purifying an AP binding protein, preferably an anti-AP antibody, from a
solution containing the protein and low molecular weight variants (LMW) thereof. In featured aspects,
methods of the present invention are used to reduce the levels of one or more low molecular weight 5
variant species in a protein preparation, such as an antibody preparation. In various embodiments, the
protein recovered from the Fe, binding agent has a level of low molecular weight variants that is at
least 5 fold less than the level of low molecular weight variants in the source liquid, and in some
embodiments at least 10 fold less than the level of low molecular weight variants in the source liquid.
In various embodiments, 10 the low molecular weight variants comprise less than about 1.0%, 0.8%,
0.5%, 0.2% or 0.1% of the species of said protein in the solution containing said protein recovered
from the Fe binding agent. hi various aspects, the present invention provides methods for purifying an
Ap binding protein, preferably an anti-Ap antibody, from a solution containing the 15 protein and under
disulfide bonded variants (UDE) thereof In featured aspects, methods of the present invention are
used to reduce the levels of one or more under disulfide bonded variant species in a protein
preparation, such as an antibody preparation. ha various embodiments, the protein recovered from the
Fe binding agent has a level of under disulfide bonded variants that is at least 5 fold less than the level
of 20 under disulfide bonded variants in the source liquid, and in some embodiments at least 10 fold
less than the level of under disulfide bonded variants in the source liquid. h) various embodiments th-
under disulfide bonded variants comprise less than about 20%, 15%, 10%, 5%, 2% or 1% of the
species of said protein in the solution containing said protein recovered from the Fc binding agent.
25In another aspect, the present invention provides an Ap binding protein, preferably an anti-AP
antibody, purified according to any of the methods that comprise at least the steps of first adsorbing
the protein to an Fc binding agent, followed by washing the Fc binding agent with a buffer solution
containing a divalent cation salt to 



remove one or more impurities, and subsequently recovering the protein from the Fc 30 binding agent.
In various embodiments, the anti-AO antibody is a humanized anti-A6' antibody selected from the
group consisting of 3D6, 10D5, 12B4, 12A11, 15C11 and  266. . In various embodiments, the anti-AO
antibody is a humanized anti-AO antibody selected from the group consisting of 3D6, 10D5, 12B4, and
12A11. In another aspect, the present invention provides a system suitable for performing any of the
methods that comprise at least the steps of first adsorbing the .tV 5 binding protein that has an Fe
region, such as an anti-A., antibody, to an Fe binding agent, followed by washing the Fe binding agent
with a buffer solution containing a divalent cation salt to remove one or more impurities, and
subsequently recovering the protein from the Fe binding agent. In another aspects, the present
invention provides a purification train for 10 perfoiniing any of the methods that comprise at least the
steps of first adsorbing the AB binding protein, preferably an anti-Ap antibody, to an Fe binding agent,
followed by washing the Fe binding agent with a buffer solution containing a divalent cation salt to
remove one or more impurities, and subsequently recovering the protein from the Fe binding agent.
15The present invention also features, in various aspects, kits for use in performing one or more of the
methods of the present invention. in various embodiments, the kit comprises at least one reagent and
instructions for use of the kit. For example, a kit can comprise one or more reagents such as an Fe
binding agent, a divalent cation salt and reagents for the preparation of buffer wash solution containing
a divalent cation salt, 20 along with instructions for use of the kit, e.g, to purify an A13 binding protein,
e.g., anti-A antibody. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 shows the complete amino
acid sequences of the humanized 3D6 25 version 2 (hu3D6.v2) anti AO antibody light and heavy
chains, SEQ TD NO1 and SEQ ID NO:2, respectively. Light chain complementarity determining
regions (CDR.), i.e., CDR1, CDR2, and CDR3 are, respectively, at residue positions 24-39, 55-61, and
94- 102 (upper panel). Heavy chain complementarity determining regions (CDR), i.e., CDR1, CDR2,
and CDR3 are, respectively, at residue positions 40-44, 50-65, and 99- 30 108 (lower panel).
Predicted intramolecular disulfide bonds are illustrated by connections of the cysteine residues
involved. Cysteines expected to fonn intermolecular disulfide bonds are underlined and the
connectivity indicated. The N- 



10 linked glycosylation consensus site of the antibody heavy chain is indicated in italics at residue
positions 299-301 (lower panel). The predicted heavy chain C-terminal lysine is shown in parenthesis.
DETAILED DESCRIPTION OF THE INVENTION       Prior TO further describing the invention, it may
be helpful to an understanding thereof to set forth definitions of certain terms to be used herein. The
definitions set forth herein have been grouped for ease of reference only and not by way of limitation.
10 Protein Related Definitions       The present invention features methods of purifying AO-binding
proteins, in particular, AO-binding antibodies. In particular, the invention features the purification of
proteins having constant regions, in particular, proteins having Fe regions (e.g., .15 antibodies),
produced in cell culture. In various aspects, the present invention.provides . methods for purifying an
Af3 binding protein that contains an Fe region, such as.an anti- Ali antibody, from a solution containing
fir protein and one or more read-through variants thereof, such as, for example, intron read-through
variants. In featured aspects, methods of the present invention are used to reduce the levels of one or
more intron 20 read-through (EC) variant species in a protein preparation, for example, in an antibody
preparation. The terms "intron read-through variant," and "intron read-through variant species" are
used interchangeably herein and refer to the product of a process where, in the synthesis of the A[3
binding protein, polypeptide chain elongation is terminated prior to transcription of a coding region by a
stop codou in the intro', prior to the coding 25 region. The result is a variant of the protein of interest
(i.e., an intron read-through variant) with one or more incomplete or missing domains. Such inn-ons
can contain more than one stop codon resulting in the possibility of producing several different intron
read-through variants.            The taint "under disulfide bonded variant" (or "UDB") refers to any
species 30 where at least one disulfide bond is missing. The missing disulfide bond can be either an
interchain disulfide bond or an intrachain disulfide bond or a combination of the two.  11       The term
"low molecular weight species" or "LMW" species refers to variants of the Ap binding protein, e.g.,
anti-AP antibody, including a protein species that consists of free heavy chain, free light chain, &I
species, half-molecule, and three-quarters-molecule, or mixtures thereof 5Protein A is an about 42 IcD
cell wall protein found in most strains of Staphylococcus aureas which binds with high affinity (about
104lvi to human IgG) to the Fc region of antibodies. As used herein, the term "Protein A"
encompasses Protein 



A recovered from a. native source thereof, Protein A produced synthetically (e.g., by peptide synthesis,
by recombinant techniques, etc.), and variants thereof which retain the 10 ability to bind proteins which
have a 01-12/ CI-I3 region.       Protein G is a cell wall protein from group G streptococci. Protein G. is
a type III Fe-receptor which binds with high affinity to the Fc region of antibodies, in particular, IgG
antibodies. As used herein, the term "Protein G" encompasses Protein 0 recovered from a native
source thereof, Protein G produced synthetically (e.g., by peptide 15 synthesis, by recombinant
techniques, etc.), and variants thereof, vyhich retain the ability to bind proteins which have a Pc region.
The terms "p-amyloid protein", "P-amyloid peptide", "P-amyloid", "Ap" and "Ap peptide" are used
interchangeably herein. The term "Ap binding protein" as used herein is intended to refer to a protein
20 capable of specifically binding to AO peptide(s) or to epitopes(s) within said AO peptide(s), or
having an appreciable binding affinity for Ap In exemplary embodiments, the Ap binding protein
contains an Pc region such that it can bind an Fe binding agent according to the methods of the
invention. The term "antibody" or "immunoglobulin" (used interchangeably herein) refers 25 to an
antigen-binding protein haying a basic four-polypeptide chain structure consisting of two heavy and
two light chains, said chains being stabilized, for example, by interchain disulfide bonds, which has the
ability to specifically bind antigen. Both heavy and light chains are folded into domains. The tam
"antibody" or "immunoglobuitn" includes monoclonal antibodies (including full length monoclonal
antibodies), 30 polyclonal antibodies, multispecific antibodies (for example, bispecific antibodies),
chimeric antibodies, CDR-grafted antibodies, humanized antibodies, human antibodies, and single
chain antibodies (scFvs). The term "monoclonal antibody" or "monoclonal  antibody composition", as
used herein, refers to a population of antibody molecules that contain only one species of an antigen
binding site capable of recognizing and binding to a particular epitope of a target antigen, for example,
an epitope(s) of A. A monoclonal antibody composition thus typically displays a single binding
specificity and affinity for 5 a particular target antigen with which it irnmanoreacts, Non-human
antibodies can be "humanized" by techniques described, for example, in U.S. Patent No. 5,225,539. hi
one method, the non-human CDRs are inserted into a human antibody or consensus antibody
framework sequence. Further changes can then be introduced into the antibody framework to
modulate affinity or immunogenicity. 10The term "anti-AP antibody" is intended to refer to an antibody
having binding specificity for an Ap peptide of human amyloid precursor protein (APP). Ap peptide is
also known in the art as beta amyloid peptide. Ap peptide is an approximately 4 IcD r"t4 internal
fragment of 39-43 amino acids of APP (Ap39, AP40, A41, f341, R42 Anti AR43, 



respectively). The term "anti-A3 antibody" is intended to encompass antibodies having 15 binding
speciality for any of these forms of Ap peptide. Specific anti-AP antibodies of interest include; but are
not limited to, 3D6, 10D5, 12B4, 12411, 15C11 and 266, and humanized versions thereof Exerhplary
anti-AP antibodies are described in U.S. Application Serial No. 10/010,942, filed December 6, 2001
(U.S. Patent Publication No. 2003016549641; see also PCT Publication No. WO 2002/4623742); U.S.
Application 20 Serial No, 10/388,389, filed March 12, 2003 (U.S. Patent Publication No.
2004008777741; see also PCT Publication No. WO 2004/08041942); U.S. Application Serial No.
10/388,214, filed March 12, 2003 (U.S. Patent Publication No. 20040082762A1; see also PCT
Publication No. WO 2003/07785842); U.S. Application Serial No. 10/858,855, filed June 1, 2004 (U.S.
Patent Publication No. 20050118651A1; 25 sec also PCT Publication No. WO 2004/10889542); and
U.S. Application Serial No. 11/304,986, filed December 15, 2005; see also PCDUS05/45515); the
entire contents of all of which are hereby incorporated by reference.      Additional exemplary anti-AP
antibodies are described in U.S. Application Serial No. 10/226,435, filed February 26, 2001 (U.S.
Patent Publication No. 20040043418A1; 30 see also PCT Publication No. W001/062801A2), U.S.
Application Serial No. 10/487,322, filed August 14, 2002 (U.S. Patent Publication No 2004019289841;
see also PCT Publication No. W003/01646642); U.S. Application Serial No. 10/476,265,  13 filed April
26, 2002 (U.S. Patent Publication No. 20050090648A1; see also PCT Publication No.
W002/088306A2); U.S. Application Serial No. 10/497,475, filed April 26, 2002; (U.S. Patent Publication
No. 20050142131A1; see also PCT Publication No. IvV002/088307A2); and U.S. Application Serial
No. 10/505,313, filed February 20, 5 2003; (U.S. Patent Publication No. 20050169925; see also PCT
Publication No. W003/070760A2).       The term "antibody fragment" refers to apart or portion of an
antibody or antibody chain comprising fewer amino acid residues than an intact or complete antibody
or antibody chain. Fragments can be obtained via chemical or enzymatic 10 treatment of an intact or
complete antibody or antibody chain. Fragments can also be obtained by recombinant means.
Exemplary fragments include Fab, Fab', P(abFabc and/or Fv fragments. Methods for the construction
of Fab fragments are described, for example, Huse, et al. (1939) Science 246:1275 1281). Other
antibody fragments may be: produced by techniques known in the art including, but not limited to: (i)
an F(ab')2 15 fragment produced by pepsin digestion of an antibody molecule; (ii) a Fab fragment
generated by reducing the disulfide, bridges of an F(ab')2 fragment; (iii) a Fab' fragment generated by
the treatment of the antibody molecule with panain and a reducing agent and (iv) Fy fragments. The
term "antigen-binding fragment" refers to a polypeptide fragment of an immtmoglobulin or antibody that
binds antigen or competes with the 20 intact antibody from which they were derived for specific
antigen binding.       The term "domain" refers to a globular region of a heavy or light chain
polypeptid.e comprising peptide loops (e.g., comprising 3 to 4 peptide loops) stabilized, for example,
by ii-pleated sheet and/or intrachain disulfide bond. Domains are further 



referred to herein as "constant" or "variable", based on the relative lack of sequence 25 variation within
the domains of various class members in the case of a "constant" domain, or the significant variation
within the domains of various class members in the case of a "variable" domain. "Constant" domains
on the light chain are referred to interchangeably as "light chain constant regions", "light chain constant
domains", "CL" regions or "CL" domains). "Constant" domains on the heavy chain are referred to 30
interchangeably as "heavy chain constant regions", "heavy chain constant domains", "CH" regions or
"CH" domains). "Variable" domains on the light chain are referred to interchangeably as "light chain
variable regions", "light chain variable domains", "VU' regions or "VL" domains). "Variable" domains on
the heavy chain are referred to  14 interchangeably as "heavy chain variable regions", "heavy chain
variable domains", "VII" regions or "VH" domains).       The term "region" can also refer to a part or
portion of an antibody chain or antibody chain domain (for example, a part or portion of a heavy or light
chain or a part 5 or portion of a constant or variable domain, as defined herein), as well as more
discrete parts or portions of said chains or domains. For example, light and heavy chains or light and
heavy chain variable domains include "complementaiity determining regions" or "CDRs" interspersed
among "frarneworlc regions" or "FRs", as defined herein. The term "conformation" refers to the tertiary
structure of a protein or 10 polypeptide, such as, for example, an antibody, antibody chain, domain or
region thereof. For example, the phrase "light (or heavy) chain conformation" refers to the tertiary
structure of a light (or heavy) chain variable region, and the phrase "antibody conformation" or
"antibody fragment conformation" refers to the tertiary structure of an antibody or fragment thereof
15The term "specific binding" of an antibody means that the antibody exhibits appreciable affinity for a
particular antigen or epitope and, generally, does not exhibit significant cross-reactivity. In exemplary
embodiments, the antibody exhibits no cross- reactivity (for example, does not cross-react with non-Afi
peptides or with remote or distant epitopes on A(3). "Appreciable" or preferred binding includes binding
with an 20affinity of at least 10-6, 10-7, 10-8, 10l; M, or 10-10 M. Affinities greatez than 10-7M,
preferably greater than 10-8M are more preferred. Values intermediate of those set forth herein are
also intended to be within the scope of the present invention and a preferred binding affinity can be
indicated as a range of affinities, for example, 10-6 to 10-1 M, preferably 10-7 to 10-1 M, more
preferably le to 10-1 M. An antibody that "does not 25 exhibit significant cross-reactivity" is one that will
not appreciably bind to an undesirable entity (for example, an undesirable protein, polypeptide, or
peptide). For example, an antibody that specifically binds to All will appreciably bind A.P but will not
significantly react with non-Ap proteins or peptides (for example, non-AP proteins or peptides included
in plaques). An antibody specific for a particular epitope will, for 30 example, not significantly
cross-react with remote or different epitopes on the same protein or peptide. Specific binding can be
determined according to any art-recognized means for determining such binding. Preferably, specific
binding is determined according to Seatchard analysis and/or competitive binding assays. 



15       Other than "bispecific" or "bifunctional" immunoglobulins or antibodies, an mmunoglobulin or
antibody is understood to have each of its binding sites identical. A "bispecific" or "bifiumtional
antibody" is an artificial hybrid antibody having two different heavy/light chain pairs and two different
binding sites. Bispecific antibodies 5 can be produced by a variety of methods including fusion of
hybridomas or linking of Fab' fragments. See, for example, Songsivilai & Lachmann, Clin. Exp.
hninunol. 79:315-321 (1990); Kostelny et al., I. Immunol. 148, 1547-1553 (1992). An "antigen" is a
molecule (for example, a protein, polypeptide, peptide, carbohydrate, or small molecule) containing an
antigenic determinant to which an 10 antibody specifically binds.       The term "epitope" or "antigenic
determinant" refers to a site on an antigen to which an inununoglobulin or antibody (or antigen binding
fragment thereof) specifically binds. Epitopes can be formed both front contiguous amino acids or
noncontiguous amino acids juxtaposed by tertiary folding of a protein. Epitopes formed from 15
contiguous amino acids are typically retained on exposure to denaturing solvents, whereas epitopes
formed by tertiary folding are typically lost on treaunent with denaturing solvents. An epitope typically
includes at least 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14 Or 15 amino acids in a unique spatial
conformation. Methods of determining spatial conformation of epitopes include, for example, x-ray
crystallography and 2- 20 dimensional nuclear magnetic resonance. See, for example, Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996).       In addition to
the anti-Ap antibodies described above, other Ap binding proteins include antibody fusion proteins.
The terms "antibody fusion protein" and "antibody fusion" refers to a fusion protein including all or a
portion of an antibody fused to at 25 least one non-antibody protein portion or polypeptide. Fusion is
generally accomplished by genetic engineering of the gene encoding said protein. Additional
exemplary antibody fusion proteins include the cell receptor binding portion of an antibody (including
the Fe region) fused to all or a portion of another soluble or cellular biological protein, for example a
receptor (cellular or soluble) or portion thereof, a cytokine or 30 portion thereof, an enzyme or portion
thereof, etc. In particular, an antibody fusion protein of the invention that can comprise the Fe region of
an antibody fused to a non-antibody protein portion or polypepticie that is capable of binding to M.  16
The term "Fe binding agent" refers to a molecule that is capable of binding to the Fe region of an
antibody (e.g., an IgG antibody) including, but not limited to, a complement Protein, an Fe receptor or
a bacterial-derived protein, such as Protein A or Protein G, that has high affinity for the Fe region of an
antibody. 



5The term "Fc region" refers to a C-terminal region of an IgG antibody, in particular, the C-terminal
region of the heavy chain(s) of said IgG antibody. Although the boundaries of the Fe region of an IgG
heavy chain can vary slightly, a Fe region is typically defined as spanning from about amino acid
residue Cys226 to the carboxyltemainus of an IgG heavy chain(s). 10 Chromatoara_phy Related
Definitions The term "source liquid", as used herein, refers to a liquid containing at least one target
substance which is sought to be purified from other substances also present. Source liquids can, for
example, be aqueous solutions, organic solvent systems, or 15 aqueous/organic solvent mixtures or
solutions. The source liquids are often complex mixtures or solutions containing many biological
molecules (such as proteins, antibodies, hormones, and viruses), small molecules (such as salts,
sugars, lipids, etc.) and even particulate matter. While a typical source liquid of biological origin may
begin as an aqueous solution or suspension, it may also contain organic solvents used in earlier 20
separation steps such as solvent precipitations, extractions, and the like. Examples of SOUICO liquids
that may contain valuable biological substances amenable to the purification by various embodiments
the present invention include, but are not limited to, a culture supernatant from a bioreactor, a
homogenized cell suspension, plasma, plasma fractions, and milk. 25The term "target substance" or
"target protein" or "target antibody" refers herein to the one or more desired Ap binding proteins, e.g.,
anti-An antibodies, to be purified fromsource liquid. The target substance may be present in the source
liquid as a suspension or in solution. The temi "impurities" refers to materials in the source liquid that
are different 30 from the target substance(s) and are desirably excluded from the fmal target
substance product(s). Typical impurities include nucleic acids, proteins (including intron-readthrough
species, low molecular weight species and under disulfide bonded species), peptides, endotoxius,
viruses and small molecules.  17       The term "by-product" includes undesired products, which
detract, or diminish the proportion of therapeutic protein of the invention.       The term "high molecular
weight species" refers to protein complexes which have a molecular weight which is greater than the
desired protein of the invention. In 5 the case of an antibody, for example, an IgG antibody, such
aggregates are greater than about 1501c1/ 



The term "low molecular weight species" refers to proteins, for example, degradation products, which
have a molecular weight which is less than the desired     protein of the invention. In the case of an
antibody, for example, an IgG antibody, such 10 degradation products are less than about 150 Ica As
used herein, the term "solid phase" refers to a non-aqueous matrix with 'ch a target substance
interacts during purification or to which an Fe binding agent can adhere. Suitable solid phase materials
include, but are not limited to, glass, silica (e.g., silica gel), polysaccharides (e.g., a polysaccharide
matrix) such as agarose and cellulose, 15 organic polymers such as polyacrylamide,
methyimethacrylate, andTolystyrene- divinylbenzene copolymers such as for example AmberliteTM
resin, (commercially available from Rohm & Haas Chemical Co., Philadelphia, Pa.). The solid phase
can be selected from any of the groups of resins commonly described as affinity, ion exchange and ion
capture resins. The solid phase can be, for example, a purification column, a 70 discontinuous phase
of discrete particles, or a combination thereof The solid phase can be of porous or nonporous
character, and can be compressible or incompressible, In various embodiments, the solid phase is a
polymeric matrix or an agarose particle or bead, In various embodiments, the solid phase can be
coated with a reagent (such as glycerol), for example, to prevent nonspecific adherence of impurities
to the solid phase. 25 An Fe binding solid phase need only possess a chemistry or an associated
ligand that will permit Fe binding agent to adhere to the surface of the solid phase. Preferred solid
phase materials will be physically and chemically resilient to the conditions employed in  the
purification process including pumping and cross-flow filtration, and temperatures, pH, and other
aspects of the liquids employed. 30"Affinity ligand" refers to a moiety that binds selectively or
preferentially to a component of the source liquid through a specific interaction with a binding site of
the component. in the present invention, the affinity ligand (e.g., an Fe binding agent) is typically
immobilized to a solid phase such as a resin. Examples of affinity ligands that  IS can be bound to the
resin support to provide chromatography resins useful in the process of the present invention include,
but are not limited. to, Protein A, Protein G, and their analogs, which selectively bind to a protein Fe
region. Methods of binding affinity ligands to solid support materials are well known in the purification
art. See, e.g., the 5 reference texts Affinity Separations: A Practical Approach (Practical Approach
Series), Paul Matejtschuk (Editor), In Pr: 1997; and Affinity Chromatography, Herbert Schott, Marcel
Dekker, New York: 1997.       "Affinity chromatography resin" or "affinity resin" refers to a
chromatography resin that comprises a solid phase or substrate with affinity ligands bound to its
surfaces. 10 "Ion exchange chromatography resin" or "ion exchange resin" refers to a solid support to
which are coital ently bound ligands that bear a positive or negative charge, and which thus has free
counterions available for exchange with ions in a solution with which the ion exchange resin is
contacted. "Cation exchange resins" refers to an ion exchange resin with eovalently bound 15
negatively charged lizands, and which thus has free cations for exchange with:cations in a solution
with which the resin is contacted. A wide variety of cation exchange resins. 



are known in the art, for example, those wherein the covalently bound groups are carboxylate or
sulfonate. Commercially available cation exchange resins include CMCcellulose, SP-SephadexTm,
and Fast S_SepharoseTM (the latter two being commercially 20 available from Phatmacia).       "Anion
exchange resins" refers to an ion exchange resin with covalently bound positively charged groups,
such as quaternary amino groups. Commercially available anion exchange resins include DEAF
cellulose, TMAE, QAE SephadexTm, and Fast Q SepharoseTM (the latter two being commercially
available from Pharmacia). 25As used herein, the term "ehaotropic salt" refers to a salt which
comprises one or more ionic components that are low in the lyotropie series that are able to penetrate
protein hydration shells and bind directly to their surfaces. This disrupts cohydrative association,
favoring protein solubilization. Examples of chaotropic salts include, but are not limited to, halide salts
of the Group II elements (e.g., calcium chloride, 30 magnesium chloride, barium chloride, calcium
bromide, magnesium bromide, barium bromide, calcium iodide, magnesium iodide, barium iodide).  19
Examples of suitable divalent cations salts include, but are not limited to, salts of Mn2+, Ni2* or Cu2+,
Mg2', Ca2+ and Ba2+ with thiocyanate (SCI\7), perchlorate (C101), nitrate (NO3-), chloride (Cr), and
bromide (Br"); and combinations thereof In certain embodiments, the divalent cation salt comprises a
divalent cation (e.g., 5 Mg2', Ca.2+, Ni2+ or Ba23). Preferred chaotropic salts for use in the featured
processes are MgC12, NiC12 and CaCl2. After the divalent cation salt wash step, the target protein is
eluted from the affinity chromatography matrix. A "buffer" is a substance which, by its presence in
solution, increases the amount of acid or alkali that must be added to cause unit change in pH. A
buffered solution 10 resists changes in pH by the action of its acid-base conjugate components.
Buffered solutions for use with biological reagents are generally capable of maintaining a constant
concentration of hydrogen ions such that the pH of the solution is within a physiological range. The
term "physioloLdcal pH" refers to the pH of mammalian blood (i.e., 7.38i or about 7.4). Thus a
physiologic pH range is from about 7.2 to 7.6. Traditional buffer 15 components include, but are not
limited to, organic and inorganic salts, acids and bases.., Exemplary buffers for use in purification of
biological molecules (e.g., protein. molecules) inlcude the zwitterionic or "Good" Buffers, see e.g.,
Good eta]. (1966) Biochemistry 5:467 and Good and izawa (1972) Methods Enzyn2o1.. 24:62.
Exemplary buffers include but are not limited to TES, MES, PERES, HEPES, MOPS, MOPS, 20
TRICWTE and B1ONE.       The "equilibration buffer" herein is a buffer used to prepare the Fc binding
reagent, solid phase, or both, for loading of the source liquid containing the target protein. The
equilibration buffer is preferably isotonic and commonly has a pH in the range from about 6 to about 8.
The "loading buffer" is a buffer used to load the source 25 liquid containing the AP binding protein, e.g,
ami-AP antibody, and impurities onto the solid phase to which fir Fc binding agent is immobilized.
Often, the equilibration and loading buffers are the same. The '1 elution buffer" is used to elute the AP
binding protein from the immobilized Fc binding agent. Preferably the elution buffer has a low 



pH mid thereby disrupts interactions between the Fc binding agent and the protein of 30 interest.
Preferably, the low pH elution buffer has a pH in the range from about 2 to about 5, most preferably in
the range from about 3 to about 4. Examples of buffers that will control the pH within this range include
glycirte, phosphate, acetate, citrate and ammonium buffers, as well as combinations of these. The
preferred such buffers are  20 citrate and acetate buffers, most preferably sodium citrate or sodium
acetate buffers. Other elution buffers are contemplated including high pH buffers (e.g., those having a
pH of 9 or more) or buffers comprising a compound or composition such as MgC12 (2 mM) for eluting
the protein of interest. 5"Wash liquid" or "wash buffer" as used herein all refer herein to the liquid used
to carry away impurities from the chromatography resin to which is bound the target substance. More
than one wash liquid can be employed sequentially, e.g., with the successive wash liquids having
varying properties such as pH, conductivity, solvent concentration, etc., designed to dissociate and
remove varying types of impurities that 10 are non-specifically associated with the chromatography
resin.       "Elution liquid" or "elution buffer" refers herein to the liquid that is used to dissociate the
target substance from the chromatography resin after it has been washed with one or, more wash
liquids. The elution liquid acts to dissociate the target substance without denaturing it irreversibly.
Typical elution liquids are well known in the 15 chromatography art and may have higher
concentrations of salts, free affinity ligands or analogs, or other substances that promote dissociation
of the target substance from the chromatography resin. "Elution conditions" refers to process
conditions imposed on the target substance-bound chromatography resin that dissociate the target
substance from the chromatography resin, such as the contacting of the target substance-bound 20
chromatography resin with an elution liquid or elution buffer to produce such dissociation. "Cleaning
liquid" or "cleaning buffer" refers herein to the liquid that is used to wash the chromatography resin
after the completion of the purification process. The cleaning liquid may contain a detergent, a
virus-inactivating agent, or relatively high 25 concentrations of salts, and may have a higher or lower
pii than the liquids used during the purification process. Its purpose is to decontaminate the
chromatography resin to render it ready for reuse. Typical cleaning liquids are well-lcnown in the
chromato graph), art. "Storage liquid" or "storage buffer" refers herein to the liquid in which the 30
chromatography resin is suspended between uses, Storage liquids, in addition to buffering ions, may
also contain microbicides or other preservatives. Such storage liquids are well known in the
chromatography art.  



21 In various aspects, the present invention features methods for purifying an AP binding protein,
preferably an anti-Ap antibody, from a source liquid comprising the protein and one or more impurities
by adsorbing the protein to an Fe binding agent, followed by washing the Fe binding agent with a
buffer solution containing a divalent 5 cation salt to remove one or more impurities, and subsequently
recovering the protein from the Fe binding agent. Suitable Fe binding agents include, but are not
limited to, Protein A and Protein G.       The present invention features processes for the purification of
AP binding proteins, in particular anti-AP antibodies. Exemplary purification processes include an 10
affinity chromatography step. The affinity, chromatography step can he continuous, discontinuous, or a
combination of both. For example, the affinity chromatography step can be performed as a
discontinuous process, such as, for example, a batch process. Affinity chromatography is the process
of bioselective adsorption and subsequent recovery of a target compound from an immobilized ligancl.
This process allows for the 15 highlY specific and efficient purification Of the target compound. The
process requires the utilization of an appropriately selective ligand (e.g., Fe binding agent) which will
bind the target compound (e.g., anti-AP antibody) generally with a dissociation constant . in the range
of 10-4 to le, while permitting recovery under mild conditions. The ligand is generally immobilized on a
beaded and porous matix which may be in the form of a 20 column packing or batchwise adsorption
medium.       A preferred binding agent is Protein A. Protein A binds the Fe region of immunoglobulins.
Protein A consists of six regions, five of which bind IgG. It binds with high affinity to human IgGi, IgG2
and IgG4, as well as mouse IgG2a, IgG2h and IgGs. Protein A binds with moderate affinity to human
IgD, 1gM, IgA and IgE as well 25 as mouse IgGi. As an affinity ligand, protein A is immobilized to a
matrix so that these regions are free to bind. One molecule of immobilized protein A can bind at least
two molecules of IgG. Native and recombinant versions of protein A share similar specificity for the Fe
region of IgG. Recombinant protein A (rProtein A) can be engineered to include, for example, a
C-terminal cysteine, and can be immobilized via 30 thioetser coupling to a solid phase matrix. Such
coupling results in enhanced binding capacity of the protein A.  22       An alternative binding agent is
Protein G. Protein G is specific for IgG, binding with high affinity for human IgGi, IgG2" 1303 and Ig04,
as well as mouse IgGA and IgG3. Protein G PLUS has moderate affinity for human IgG4 and mouse
IgG2a, igG2b and IgG3. Recombinant protein G (rProteinG) can be engineered to delete the
albumin-binding 5 region of the native protein. Recombinant Protein G contains two Fe binding
regions.       An alternative binding agent is Protein AJG. Protein A/C is a genetically-engineered
protein that combines the IgG binding profiles of both Protein A and Protein G. It is a gene fusion
product secreted from a nonpathogenic form of Bacillus. Protein AK+ contains four Fc binding domains
from Protein A and two from Protein 0. Protein 10 A/G is not as pH dependent as Protein A, but
otherwise has the additive properties of 



Protein A and G.       Protein A/G binds to all human IgG subclasses, particularly suitable for
purification of polyclonal or monoclonal IgG antibodies whose subclasses have not been determined.
In addition, it binds to IgA, IgE, DOA and (to a lesser extent) Ign. Protein 15 A/G also binds well to all
mouse IgG subclasses, particularly suitable for purification of mouse monoclonal antibodies from IgG
subclasses, without interference from IgA, 104 and murine serum albumin. (See e.g., Sikkema.
(1989)Amer. Biotech. Lab 7, 42.) Individual subclasses of mouse monoclonals can have a stronger
affinity for the chimeric Protein A/G than to either Protein A or Protein C. (See e.g., Eliasson et al. 20
(1988) 1 Biol. Chem. 263, 4323-4327.) in the present invention, the immobilized Fe binding agent
(e.g., Protein A) is washed with a divalent cation salt solution to remove impurities. In particular, it has
been discovered that undesirable impurities produced as a result of recombinant antibody expression
technologies can be removed using a divalent cation salt wash step. 25The methods of the present
invention can optionally include purification steps subsequent to the 'affinity chromatography and
divalent caner wash step. Subsequent purification steps can include an ion exchange chromatography
step and/or a hydrophobic interaction chromatography CHIC) step. Subsequent chromatography steps
can be continuous, discontinuous (e.g., such as a batch process), or a combination of 30 both. Ion
exchange chromatography separates molecules based on differences between the overall charge of
the proteins. The target protein must have a charge opposite that of the functional group attached to
the resin in order to bind. For example, antibodies, which generally have an overall positive charge,
will bind well to cation exchangers,  23 which contain negatively charged functional groups. Because
this interaction is ionic, binding must take place under low ionic conditions. Elution is achieved by
increasing the ionic strength to break up the ionic interaction, or by changing the pH of the protein.
Whereas ion exchange chromatography relies on the charges of proteins to isolate them, 5
hydrophobic interaction chromatography uses the hydrophobic properties of some proteins.
Hydrophobic groups on the protein bind to hydrophilic groups on the column. The more hydrophobic a
protein is, the stronger it will bind to the column. The HIC step removes, for example, host cell derived
impurities (e.g.. DNA and other high and low molecular weight product-related species). Further
purification steps can include virus 10 removing steps as well as ultrafiltration and/or diafiltration steps,
as described herein.       In various embodiments, the Fe region containing protein is an antibody or an
antibody fusion protein having an Fe region that binds to an Fc receptor of the Fe binding agent. The
use of the buffer solution containing a divalent cation salt to wash the Fe binding agent allows for
greater removal of impurities, such as, for example, 15 read-through variants and constant region
containing fragments (including LMW" and 15E)13 species), of the protein of interest (e.g., thetarget
substance in the source liquid). 



The methods of the present invention comprise one or more chromatographic separation steps and in
addition can comprise one or more filtration steps for separating an Af3 binding protein ("the target
protein") from impurities in a source liquid. 20For example, the source liquid may be filtered,
centrifuged or otherwise processed to remove particulate debris and the like before contacting the
source liquid with the Fe binding agent. For example, using recombinant techniques, proteins can be
produced inn-acellularly, in the periplasmie space, or secreted directly into the culture medium. If the
protein is produced intracellularly, the particulate debris, either host 25 cells or lysed fragments, can be
removed, for example, by centrifugation or ultrafiltration. Where the protein is secreted into the
medium, the recombinant host cells can be separated from the cell culture medium, for example, by
tangential flow filtration.      In various embodiments, the source liquid containing the target protein is
contacted with an Fc binding agent (preferably immobilized on a solid phase and 30 equilibrated with a
suitable buffer) such that the target protein adsorbs to the Fe binding agent (e.g., an immobilized Fc
binding agent). The source liquid is contacted with the Fe binding agent (e.g., an immobilized Fe
binding agent) in a loading buffer which may be the same as the equilibration buffer. As the
impurity-containing source liquid flows  24 through the solid phase, the target protein is adsorbed to
the Fe binding agent and various other impurities (such as host cell proteins, where the target protein
is produced in a recombinant host cell, or other process-derived impurities) flow-through or bind
nonspecifically to the solid phase. In various embodiments, the Fe binding agent is 5 Protein A, and
the equilibration buffer can be 20 rriM Tris, 0.15 M NaC1, pH 7.5. Other suitable equilibration buffers
include, for example, BIS. HEPES, etc., at physiological concentrations, for example, concentration in
the range between about 0.5 niM and about 100 mM (e.g., 10 mM, 20 niM, 50 mM, etc.), and
physiological salt concentrations (e.g., about 0.15 m.MNaC1), and at pH from 5.0-9.0. 10The solid
phase is preferably an agarose (e.g., Sepharose) bead or particle for immobilizing the Fe binding
agent. In various embodiments, the column is coated with a reagent, such as glycerol, to decrease or
prevent nonspecific adherence to the column. In various embodiments, the Fe binding agent is Protein
A. The mu) Protein A SepharoseTM Fast Flow (FF) column, commercially available from Amersham
15 Bioseiences, is an example of a suitable Protein A column for use in the featured methodologies.
The Fc binding agent is then washed with a buffered wash solution containing a divalent cation salt to
remove protein variant species bound to the solid phase or Fe binding agent. In particular, it has been
discovered that the use of a divalent cation salt 20 wash step can remove a significant amount of
undesirable impurities. Specifically, it has been discovered that intron read-through variants, low
molecular weight variants and under-disulfide bonded variants of an anti-AP antibody can be removed
using a divalent cation salt wash. Moreover, host cell proteins (HCP) and DNA also can be removed
using the divalent cation salt wash. In various embodiments, the divalent cation salt in 25 the wash
solution contains a chaotropic salt. Examples of suitable chaotropic salts 



include, but are not limited to, calcium chloride (CaC12), nickel chloride (NiC12) and magnesium
chloride (MgC12). While a single divalent cation salt can be present in the wash solution, in various
embodiments, two or more divalent cation salts can be used. In various embodiments, wash solutions
in addition to the divalent cation salt 30 containing wash solution are used to remove impurities. For
example, in various embodiments a 20 to 50 mivl Iris, 0.75 to 2.0 M NaC1, pH 5.0-9.0 solution, and/or
a 10 miM This, pH 7.5 solution are used to wash the Fe binding agent prior to, after, or both  25 prior
to and after, washing Fe binding agent with the divalent cation salt containing wash solution. In various
embodiments, the divalent cation salt is preferably added at a concentration between about 0.5 M and
about 2.5 M to a pH buffered solution having a 5 pH in the range from about 5 to about 9, and
preferably a pH in the range from about 7 to about 8. Preferred concentrations of the divalent cation
salt include, but are not limited to, 0.6 M, 2.0 M and 2.5 M. Suitable buffers for this purpose include,
but are not limited to, Iris or acetate buffers in a concentration from 20 to 50 rnIVI. Following the
washing step(s), the target protein is recovered from the Fe 10 binding agent. This is normally
achieved using a suitable elution buffer. The target protein can, for example, be eluted from the
column using an elution buffer having a low pH, e.g., in the range from about 2 to about 6.5, and
preferably in the range from about 2.5 to about 3.5. In various embodiments, the target protein thus
recovered can be formulated in a 15 pharmaceutically acceptable carrier and used. for various
diagnostic, therapeutic or other uses Icnown for such molecules.       In various embodiments, the
eluted target protein preparation can be subjected to additional purification steps after the Fe binding
agent chromatography step. For example, exemplary further purification steps include, but are not
limited to: anion 20 exchange chromatography, cation exchange chromatography, hydrophobic
interaction chromatography (HIC), hydroxyapatite chromatography, dialysis, affinity chromatography
(including immobilized metal affinity chromatography), size exclusion chromatography (SEC),
ammonium sulphate precipitation, ethanol precipitation, reverse phase HPLC (RP-HPLC),
chromatofocusing, ultrafiltration, diafiltration, and gel 25 filtration, in various embodiments, the Fe
binding agent chromatography step is followed by an anion exchange chromatography and a HIC step.
In various embodiments, the chromatography steps are further followed by a virus filtration step, an
ultrafiltration/diatiltration step, and a microbial contaminant filtration step, In      various embodiments,
these additional purification steps may be conducted prior to the 30 Fe binding agent chromatography
step.       In various embodiments, methods for purification of an Ap binding protein, preferably an
anti-Al3 antibody, begin with adsorbing the target protein to an Fe binding agent comprising Protein A
immobilized on a solid phase, followed by washing the Fe  



26 binding agent with a buffer solution containing a divalent cation salt to remove one or more
impurities, and subsequently recovering the protein from the Protein A to produce a first eluent pool. In
various embodiments, the purification process continues with subjecting the 5 first eluent pool to anion
exchange chromatography by contacting an anion exchange resin with the first eluent pool such that
impurities adsorb to the resin, while the target protein does not adsorb to the resin. Thus, the target
protein can be recovered from the flow- through to produce a second Went pool. In various
embodiments, the anion exchange chromatography step further comprises washing the anion
exchange resin with 10 a buffered wash solution to recover at least a portion of the adsorbed target
protein, which would then be combined with the second eluent pool. Alternatively, the first eluent pool
may be contacted with the anion exchange resin in such a way that the antibody adsorbs; allowing any
impurities to flow-through, optionally followed by washing and eluting the adsorbed antibody. 15- In
various embodiments, the purification process dontinues with subjecting the second eluent pool to HIC
by adsorbing the target protein to a hydrophobic interaction resin (e.g., a solid phase functionaliied
with hydrophobic liaands), washing the hydrophobic interaction resin with a buffered wash solution
with an ionic strength which does not substantially elute the target protein, and recovering the target
protein (typically 20 using an elution buffer with an ionic strength low enough to desorb the target
protein from the hydrophobic interaction resin) on a third eluent pool. Alternatively, the second einem
pool may be contacted with the HIC column in such a way that the target protein docs not adsorb,
recovering the flow-through target protein as a third eluent pool. In various embodiments, the
purification process includes one or more filtration 25 steps, for example, to remove viruses,
concentrate and buffer the solution containing the target protein, and to remove microbial
contaminants. In various embodiments, the present invention provides methods for the purification of
an AP binding protein, preferably an anti-AP antibody, from a source liquid comprising the protein and
one or more impurities where the impurities comprise 30 one or more IRT variants. In one
embodiment, the methods provide for about a2 to about a 20 fold reduction in IRT variant levels from
those in the source liquid. Preferably, IRT variant levels are reduced by at least 5 fold, and more
preferably IRT variant levels are reduced by at least 10 fold. For example, in a source liquid (starting
27 sample) having about 3-5% MT antibody variants (as a percentage of total species in the source
liquid) un- antibody valiant species can be reduced to about 0.3 to about 0.5 A. In various
embodiments, IRT variant species are reduced to: less than 1 04, less than 0.8%, less than 0.5 A, less
than 0.3 %, less than 0.2 %, and/or less than 0.1 A. 



5 Preferably, in the purification of a source liquid for the preparation of a protein, 1RT variants are
reduced to: less than 1 A, less than 0 8 A, less than 0.5 %, less than 0.3 A, less than 0.2 94, and/or
less than 0.1 A as a percentage of total species in the source liquid. ha various embodiments, the
present invention provides methods for the 10 purification of an Ap binding protein, preferably an
anti-AP antibody, from a source liquid comprising the protein and one or more impurities where the
impurities comprise one or more LMW variants. In one embodiment, the methods provide for about a 2
to about a 20 fold reduction in LMW variant levels from those in the source liquid, Preferably, LMW
variant levels are reduced by at least 5 fold, and more preferably 15 LMW variant levels 'are reduced
by at least 10 fold. For example, in a source liquid (starting sample) having about 3-5% ILMW antibody
variants (as a percentage of total species in the source liquid) LMW antibody variant species can be
reduced to about 0.3 to about 0.5%. In various embodiments, LMW variant species are reduced to:
less that) 1 A, less than 0 8%, less than 0.5 %, less than 0.3 A, less than 0.2 %, and/or less than 20
0.1 %. Preferably, in the purification of a source liquid for the preparation of a protein, LMVST variants
are reduced to: less than I %, less than 0.8 %, less than 0.5 %, less than 0.3 %, less than 0.2 %,
and/or less than 0.1 % as a percentage of total species in the source liquid. In various embodiments,
the present invention provides methods for the 25 purification of an AP binding protein, preferably an
anti-AP antibody, from a source liquid comprising the protein and one or more impurities where the
impurities comprise one or more UDB variants. In one embodiment, the methods provide for about a 2
to about a 20 fold reduction in ULM variant levels from those in the source liquid. Preferably, UDB
variant levels are reduced by at least 5 fold, and more preferably LTDB 30 variant levels are reduced
by at least 10 fold.       For example, in a source liquid (starting sample) having about 20% UDB
antibody variants (as a percentage of total species in the source liquid) UDB antibody variant species
can be reduced to about 10% to about 2%. hi various embodiments,  28 UDE variant species are
reduced to: less than 20%, less than 15%, less than 10%, less than 5%, less than 2%, or less than
1%. Preferably, in the purification of a source liquid for the preparation of a protein, UDE variants are
reduced to: less than 20%, less than 15%, less than 10%, less than 5%, less than 2%, or less than 1%
as a percentage of total 5species in the source liquid.       Also, for example, in a source liquid (starting
sample) having about 3-5% UDB antibody variants (as a percentage of total species in the source
liquid) UDE antibody variant species can he reduced to about 0.3 to about 0.5 %. In various
embodiments, LTDB variant species are reduced to: less than 1 %, less than 0.8%, less than 0.5 A,
less 10 than 0.3 'A, less than 0 2 %, and/or less than 0.1 %. Preferably, in the purification of a source
liquid for the preparation of a protein, UDE variants are reduced to: less than 1 %, less than 0.8%, less
than 0.5 %, less than 03 %, less than 0.2 A, and/or less than 0.1 % as a percentage of total species in
the source liquid. 



15 4_03k___2dino- Proteins for use in the Purification Methods of the Invention        The AB binding
proteins, e.g, anti-AP antibodies, to be purified according to the invention as described herein, can be
prepared using techniques which are well established in the art and include, for example, synthetic
techniques (such as recombinant techniques and peptide synthesis or a combination of these
techniques), or 20 maybe isolated fiorn an endogenous source of the protein. In various embodiments,
the antibody can be, for example, a polyclonal antibody preparation, a monoclonal antibody, a
recombinant antibody, a chirneric antibody, a humanized antibody or a, human antibody. Techniques
for the production of antibodies are described further below. In other embodiments, the Ap binding
protein can be an antibody fusion protein that 25 comprises an antibody Fe region fused to a portion of
a protein or polypeptide that is capable of binding to AP. Preparation of antibody fusion proteins is also
described further below, Polvcional Antibodies  30Polyclonal antibodies can be prepared by
immunizing a suitable subject with an immunogem The antibody titer in the immunized subject can be
monitored over time by standard techniques, such as with an enzyme linked immunosorbent assay
(ELISA)  29 using immobilized target antigen, If desired, the antibody molecules directed against the
target antigen can be isolated from the mammal (for example, from the blood) and further purified by
well known techniques, such as protein A Sepharose chromatography to obtain the antibody, for
example, IgG, fraction. At an appropriate time after 5 immunization, for example, when the anti-antigen
antibody titers are highest, antibody-producing cells can be obtained from the subject and used to
prepare monoclonal antibodies by standard techniques, such as the hybridoma technique originally
described by Kohler and Milstein (1975) Nature 256:495-497) (see also, Brown et al. (1981) Immunol.
127:539-46; Brown et at (1980) J. Biol. Chem .255:4980-83; Yeh ci at 10 (1976) Proc. Natl. Acad. Sc!.
USA 76:2927-31; and Yeh etal. (1982) hit] Cancer 29:269-75). For the preparation of chimeric
polyclonal antibodies, see Buechler et al. U.S. Patent No. 6,420,113. Monoclonal Antibodies  15Any of
the many well known protocols used for fusing lymphocytes and immortalized cell lines can be applied
for the purpose of generating a monoclonal antibody (see, for example, G. Gal:at et at (1977) Nature
266:55052; Geller et at Somatic Cell Genet., cited supra; Lerner, Yale J. Biol. Med., cited supra;
Kenneth, Monoclonal Antibodies, cited sup-a). Moreover, the ordinarily skilled worker will 20
appreciate that there are many variations of such methods which also would be useful. Typically, the
immortal cell line (for example, a myeloma cell line) is derived from the same mammalian species as
the lymphocytes. For example, marine hybridomas can be made by fusing lymphocytes from a mouse
immunized with an immunogenic 



preparation of the present invention with an immortalized mouse cell line. Preferred 25 immortal cell
lines are mouse myeloma cell lines that are sensitive to culture medium containing hypoxanthine,
aminopterni and thymidine ("HAT medium"). Any of a number of myeloma cell lines can be used as a
fusion partner according to standard tecImiquns, for example, the P3-NSI/1-Ag4-1, P3-x63-Ag8.653 or
Sp2/0-Ag14 myeloma lines. These myeloma lines are available from ATCC. Typically, HAT- 30
sensitive mouse myeloma cells are fused to mouse splenocytes using polyethylene glycol ("PEG").
Hybridoma cells resulting from the fusion are then selected using HAT medium, which kills unfused
and unproductively fused myeloma cells (unfused spienocytes die after several days because they are
not transfoimed). Hybridorna cells  30 producing a monoclonal antibody of the invention are detected
by screening the hybridoma culture supernatants for antibodies that bind a target antigen using a
standard ELISA assay. 5 Recombinant Antibodies        Alternative to preparing monoclonal
antibody-secreting hybridomas, a monoclonal antibody can be identined and isolated by screening a
recombinant combinatorial imrnunoglobulin library (for example, an antibody phage display library)
with a target antigen to thereby isolate immunoglobulin library members that bind the 10 target
antigen. Kits for generating and screening phage display libraries are commercially available (for
example, the Pharmacia Recombinant Phage Antibody System, Catalog No, 27-9400-01; and the
Stratagem: SurfZAPTm Phage Display Kit, Catalog No. 240612). Additionally, examples of methods
and reagents particularly amenable for use in generating and screening antibody display library can be
found in, 15 for example, Ladner at al. U.S. Patent No. 5,223,409; Kiang et al. PCT international
Publication No. WO 92/18619; Dower et al. PCT International Publication No. WO 91/17271; Winter at
al. PCT International Publication WO 92/20791; Markland eta!, PCT International Publication No. WO
92/15679; Breitiing etal. PCT International Publication WO 93/01288; McCafferty et aL PCT
International Publication No. WO 20 92/01047; Garrard et al. PCT International Publication No. WO
92/09690; Ladner et aL PCT International Publication No. WO 90/02809; Fuchs etal. (1991)
Rio/Technology 9:1370-1372; Hay etal. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse a al. (1989)
Science 246:1275-1281; Griffiths at al. (1993) EMBO J 12:725-734; Hawkins at al. (1992) 1 Mal. Biol.
226:889-896; Clarkson at al. (1991) Nature 352:624-628, Gram et 25 al. (1992) Proc. Natl. Acad. &I.
USA 89:3576-3580; Garrad at al. (1991) Rio/Technology 9:1373-1377; Hoogenboom at al. (1991) Nuc.
Acid Res. 19:4133-4137; Barbas et al. (1991) Proc. Nati. Acad. Sc!. USA 88:7978-7982; and
McCafferty et al. Nature (1990) 348:552-554. 30 Chimeric and Humanized Antibodies  Additionally,
recombinant antibodies, such as chimeric and humanized monoclonal antibodies, comprising both
human and non-human portions, which Can be 



31 made using standard recombinant DNA techniques, are within the scope of the invention.       The
term "humanized immunoglobulin" or "humanized antibody" refers to an immunoglobulin or antibody
that includes at least one humanized immunoglobulin or 5 antibody chain (i.e., at least one humanized
light or heavy chain). The term "humanized immunoglobulin chain" or "humanized antibody chain" (i.e.,
a "humanized immunoglobulin light chain" or "humanized imrntnioglobulin heavy chain") refers to an
irrimunoglobulin or antibody chain (i.e., a light or heavy chain, respectively) having a variable region
that includes a variable framework region substantially from a human 10 itnmunoglobulin or antibody
and complementarity determining regions (Dias) (for example, at least one CDR, preferably two CDRs,
more preferably three CDRs) substantially from a non-human immunoglobulin or antibody, and farther
includes constant regions (for example, at least one constant region or portion thereof, in the case of a
light chain, and three constant regions in the case of a heavy chain). The term 15 "humanized variable
region" (for example, "humanizedlight chain variable region" or "humanized heavy chain variable
region") refers to.a variable region that includes a variable framework region substantially from a
human immunoglobthin or antibody and completnentarity determining regions (CDRs) substantially
from a non-human immunoglobolin or antibody. 20The phrase "substantially from a human
immunoglobulin or antibody" or "substantially human" means that, when aligned to a human
imrnunoglobulin or antibody amino sequence for comparison purposes, the region shares at least
80-90%, 90-95%, or 95-99% identity (i.e., local sequence identity) with the human framework or
constant region sequence, allowing, for example, for conservative substitutions, 75 consensus
sequence substitutions, gennline substitutions, bacicmutations, and the like. The introduction of
conservative substitutions, consensus sequence substitutions, germline substitutions, backmutations,
and the like, is often referred to as "optimization" of a humanized antibody or chain. The phrase
"substantially from a non-human im.munoglobulin or antibody" or "substantially non-human" means
having an 30 immunoglobulin or antibody sequence at least 80-95%, preferably at least 90-95%, more
preferably, 96%, 97%, 98%, or 99% identical to that of a non-human organism, for example, a
non-human mammal.  32       Accordingly, all regions or residues of a humanized irnmunoglobulin or
antibody, or of a humanized iimuunoglobulin or antibody chain, except the CDRs, are substantially
identical to the corresponding regions or residues of one or more native human immunoglobulin
sequences. The term "corresponding region" or "corresponding 5 residue" refers to a region or residue
on a second amino acid or nucleotide sequence which occupies the same (i.e., equivalent) position as
a region or residue on a first amino acid or nucleotide sequence, when the first and second sequences
are optimally aligned for comparison purposes. 



The term "significant identity" means that two poiypeptide sequences, when 10 optimally aligned, such
as by the programs GAP or BESTFIT using default gan weights, share at least 30-60% sequence
identity, preferably at least 60-70% sequence identity, more preferably at least 70-80% sequence
identity, more preferably at least 80-90% sequence identity, even more preferably at least 90-95%
sequence identity, and even more preferably at least 95% sequence identity or more (for example,
99% sequence  15 identity or more). The term "substantial identity" means that two polypeptide,
sequences, when optimally aligned, such as by the programs GAP or BES 11-11 using default gap
weights, share at least 80-90% sequence identity, preferably at least 90-95% sequence identity, and
more preferably at least 95% sequence identity or more (for example, 99% sequence identity or more).
For sequence comparison, typically one 20 sequence acts as a reference sequence, to which test
sequences are compared. When using a sequence comparison algorithm test and reference
sequences are input into a computer, subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test sequence(s) relative to the reference sequence,
25 based on the designated program parameters.       Optimal alignment of sequences for comparison
can be conducted, for example, by the local homology algorithm of Smith & Waterman, Adv. App!.
Math. 2:482 (1981), by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol.
48:443 (1970), by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. 30
USA 85:2444 (L988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA,
and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science
Dr., Madison, WI), Or by visual inspection (see generally Ausubel et al., Current Protocols in Molecular
Biology). One example of  algorithm that is suitable for determining percent sequence identity and
sequence similarity is the BLAST algorithm which is described in Altschul at al., J. Mat. Biol. 215:403
(1990). Software for performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (publicly accessible through the 5 National Institutes of Health NCBI internet
server). Typically, default program parameters can be used to perform the sequence comparison;
although customized parameters can also be used. For amino acid sequences, the BLA_STP program
Uses as defaults a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrix
(see Henikoff & Henikoff, Proc. Natl. Acad. Sc!. USA 89:10915 (1989)). 10Preferably, residue positions
which are not identical differ by conservative amino acid substitutions. For purposes of classifying
amino acids substitutions as conservative or nonconservative, amino acids are grouped as follows:
Group I (hydrophobic sidechains): leu, met, ala, val, leu, ile; Group II (neutral hydrophilic side chains):
cys, see, thr; Group HI (acidic side chains): asp, gin; _Group IV (basic side chains): asn, gin, 15 his,
lys, arg; Group V (residues influencing chain orientation): gly, pro; and Group ,V1 (aromatic side
chains): trp, tyr, phe. Conservative substitutions involvesubstitutions betweenamino acids in the same
class. Non-consentive substitutions constitute  exchanging a member of one of these classes for a
member of another. Preferably, humanized immunoglobulins or antibodies bind antigen with an 20
affinity that is within a factor of three, four, or five of that of the corresponding non-humanized
antibody. For example, if the nonhumanized antibody has a binding affinity of 10-9M, humanized
antibodies will have a binding affinity of at least 3 x 1 0'8M 4 x 104 M, 5 x 104 NI, or 10'9M. A
immunoglobulin chain is said to "direct antigen binding" when it confers upon an intact immunoglobulin
or antibody (or antigen binding 



25 fragment thereof) a specific binding property or binding affinity. A mutation (for example, a
backmutation) is said to substantially affect the ability of a heavy or light chain to direct antigen binding
if it affects (for example, decreases) the binding affinity of an intact immunoglobulin or antibody (or
antigen binding fragment thereof) comprising said chain by at least an order of magnitude compared to
that of the antibody 30 (or antigen binding fragment thereof) comprising an equivalent chain lacking
said mutation. A mutation "does not substantially affect (for example, decrease) the ability of a chain to
direct antigen binding" if it affects (for example, decreases) the binding affinity of an intact
irnmunoglobulin or antibody (or antigen binding fragment thereof)  34 comprising said chain by only a
factor of two, three, or four of that of the antibody (or antigen binding fragment thereof) comprising an
equivalent chain lacking said mutation, The temi "chimeric immunoglobulin" or antibody refers to an
irnmunoglobulin or antibody whose variable regions derive from a first species and whose constant 5
regions derive from a second species. Chimeric irnmunoglobulins or antibodies can be constructed, for
example by genetic engineering, from immunoglobulin gene segments belonging to different species.
The terms "humanized immuno0obulin" or "humanized antibody" are not intended to encompass
chimeric immunoglobulins or antibodies, as defined infra. Although humanized immunoglobulins or
antibodies are chimeric in their 10 construction (i.e., comprise regions from more than one species of
protein), they include additional features (i.e., variable regions comprising donor CDR residues and
acceptor framework residues) not found in chimeric immunoglobulins or antibodies, as defined herein.
Such chimeric and humanized monoclonal antibodies can be produced by 15 recombinant:DNA
techniques known in the art, for example using methods described in Robinson at al. International
Application No. PCT/t1S86/02269; Akira, c/at. European Patent Application 184,187; Taniguchi, M.,
European Patent Application 171,496; Morrison eral. European Patent Application 173,494; Neuberger
c/al. PCT International Publication No, WO 86/01533; Cabilly eta!, U.S. Patent No. 4,816,567; 70
Cabilly et al. European Patent Application 125,023; Better etal. (1988) Science 240:1041-1043; Liu et
al. (1987)Proc. Natl. Acad. SM, USA 84:3439-3443; Liu et al. (1987) j Inzmunol. 139:3521-3526; Sun
et al. (1987)Proc. Nall Acad. SM. USA 84:214-218; Nishimura etal. (1987) Calle. Res. 47:999-1005;
Wood et al. (1985) Nature 314:446-449; and Shaw et at (1988)1. Nall, Cancer Inst. 80:1553-1559);
Morrison, S. 25 L. (1985) Science 229:1202-1207; Oi et at (1986) 13ioTecizniques 4:214; Winter U.S.
Patent 5,225,539; Jones eta!, (1986) Nature 321:552-525; Verhoeyan etal. (1938) Science 239:1534;
and Beidler c/at. (1988)1. Imtnunol. 141:4053-4060. Human Antibodies from Transgenic Animals and
Phage Display  30Alternatively, it is now possible to produce transgenic animals (for example, mice)
that are capable, upon immunization, of producing a full repertoire of human antibodies in the absence
of endogenous iramunoglobulin production. For example, it 



has been described that the homozygous deletion of the antibody heavy-chain :Mining  35 region (JH)
gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody
production. Transfer of the human germ-line immunoglobulin gene array in such genn-line mutant mice
results in the production of human antibodies    upon antigen challenge. See, for example, U.S, Patent
Nos. 6,150,584; 6,114,598; and 5 5,770,429. Fully human antibodies can also be derived from
phage-display libraries (Boogenboom et at, 1 Mol. Biol., 227:381 (1991); Marks et at, J. Mo1.13iol.,
222:581- 597 (1991)). Chimeric polyclonal antibodies can also be obtained from phage display
libraries (Buechler et at U.S. Patent No. 6,420,113). 10 13ispecifie Antibodies and Antibody
Coniugates        Bispecific.antibodies (BsAbs) are antibodies that have binding specificities for at least
two different epitopes. Such antibodies can be derived from full length antibodies or antibody
fragments (for example F(ab)'2 bispeciEc antibodies). Methods for making 15 bispecific antibodies are
known in the art. Traditional production of full length bispecific antibodies is based on the coexpression
of two immunogiobulin heavy chain- light chain pairs, where the two chains have different specificities
(Millstein et al., Nature, 305:537-539 (1983)). Because of the random assmtment of immunoglobulin
heavy and light chains, these hybridomas (quadromas) produce a potential mixture of 20 different
antibody molecules (see, WC) 93/08829 and in Traunecker et al.,EMBO J., 10:3655-3659 (1991)),
Bispecific antibodies also include cross-linked or "heteroconjugate" antibodies. For example, one of
the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin or other payload.
Heteroconjugate antibodies may be made using any convenient 25 cross-linking methods. Suitable
cross-linking agents are well known in the art, and are disclosed in U.S. Pat. No. 4,676,980, along with
a number of cross-linking techniques.      In yet another embodiment, the antibody can be conjugated,
chemically or genetically, to a payload such as a reactive, detectable, or functional moiety, for
example, an immunotoxin to produce an antibody conjugate. Such payloads include, for 30 example,
immunotox ins, chemotherapeutics, and radioisotopes, all of which are well-known in the art. Antibody
Fusion Proteins 



36       An AP binding protein having an Fe region as used in the invention can be a fusion protein that
contains at least the Fc portion of an antibody fused to a non-antibody protein or polypeptide that is
capable of binding Ail Thus, a soluble fusion protein is created that is capable of binding Ap and that
has Pc-related. functions (such as serum 5 stability, Fe receptor binding and the like). Antibody fusion
proteins (also referred to in the art as Fe fusion proteins or lg fusion proteins) can be prepared using
standard recombinant DNA techniques and have been described in the art, see for example U.S.
Patent No. 5,116,964, U.S. Patent No. 5,225,538, U.S. Patent No. 5,336,603 and U.S. Patent No.
5,428,130, all by Capon et al. 10 Anti 46 Antibodies  Generally, the antibodies of the present invention
include a variety of antibodies for treating arnyloidogenic diseases, in particular, Alzheimer's Disease,
by targeting AS peptide. 15The terms "AP antibody"; "anti Af3 antibody" and "anti An" are used
interchangeably herein to refer to an antibody that binds to one or more epitopes or antigenic
determinants of the human amyloid precursor protein (APP), Af3 protein, or both, Exemplary epitopes
or antigenic determinants can be found within APP, but are preferably found within the AP peptide of
APP. Multiple isoforms of APP exist, for 20 example APP695, APP751 and APP776. Amino acids
within APP are assigned numbers according to the sequence of the APP776 isoform (see for example,
GenBank Accession No. P05067). Examples of specific isotypes of APP which are currently known to
exist in humans are the 695 amino acid polypeptide described by Kang et. al. (1987) Nature
325:733-736 which is designated as the "normal" APP; the 751 amino acid polypeptide described by
Pante et al. (1988) Nature 331:525-527 (1988) and Tanzi et al. (1988) Nature 331:528-530; and the
770-amino acid polypepticie described by Kitaguchi et. al. (1988) Nature 331:530-532. As a result of
proteolytic processing of APP by different secretase enzymes in vivo or in situ, AP is found in both a
"short form", 40 amino acids in length, and a "long form", ranging from 42-43 amino acids in length.
The short form, 30 .AP40, consists of residues 672-711 of APP. The long form, for example, A1342 or
A1343, consists of residues 672-713 or 672-714, respectively. Part of the hydrophobic domain of APP
is found at the ciu-boxy end of Ap, and may account for the ability of Mto  37 aggregate, particularly in
the case of the long form. AP peptide can be found in, or Purified from, the body fluids of humans and
other mammals, for example cerebrospinal fluid, including both normal individuals and individuals
suffering from amyloidogenic disorders. 5The terms "P-amyloid protein", "P-amyloid peptide",
"P-arnyloid", "AP" and "Af3 peptide" are used interchangeably herein. AP peptide (for example, Ap39,
AP40, A41., AP42 and AP43) is a -41cDa internal fragment of 39-43 amino acids of APP. Ap40, for
example, consists of residues 672-711 of APP and Ap42 consists of residues 672-713 of APP. AO
peptides include peptides resulting from secretase cleavage of APP 



10 and synthetic peptides having the same or essentially the same sequence as the cleavage
products. A43 peptides can be derived from a variety of sources, for example, tissues, cell lines, or
body fluids (for example sera or cerebrospinal fluid). For example, an Ap can be derived from
APP-expressing cells such as Chinese hamster ovary (CHO) cells stably transfected. with APPniv- p,
as described, for example, in Walsh et al., (2002), 15 Nature, 416, pp 535-539. An AP preparation can
be derived fiom tissue sources using methods previously described (see, for example, Johnson-Wood
et al., (1997), Proc. Natl. Acad, Sci. USA 94:1550). Alternatively, A13 peptides can be synthesized
using methods which are well known to those in the art. See, for example, Fields et al., Synthetic
Peptides: A User's Guide, ed. Grant, W.H. Freeman & Co., New York, NY, 20 1992, p 77). Hence,
peptides can be synthesized using the automated Merrifield techniques of solid phase synthesis with
the c&amino group protected by either t-Boc or F-moc chemistry using side chain protected amino
acids on, for example, an Applied Biosysterns Peptide Synthesizer Model 430A or 431. Longer peptide
antigens can be synthesized using well known recombinant DNA techniques. For example, a
polynucleotide encoding the peptide or fusion peptide can be synthesized or molecularly cloned and
inserted in a suitable expression vector for the transfection and heterologous expression by a suitable
host cell. Ap peptide also refers to related Ap sequences that results from mutations in the AP region
of the normal gene. Exemplary epitopes or antigenic determinants to which an AP antibody binds can
30 be found within the human amyloid precursor protein (APP), but are preferably found within the AP
peptide of APP. Exemplary epitopes or antigenic cietelminants within AO are located within the
N-terminus, central region, or C-terminus of Ap. An "N-terminal  38 epitope", is an epitope or antigenic
determinant located within or including the Ntendinus of the AP peptide. Exemplary N-terminal
epitopes include residues within amino acids 1-10 or 1-12 of AP, preferably from residues 1-3, 1-4,
1-5, 1-6, 1-7, 2-6, 2- 7, 3-6, or 3-7 of Ap42. Other exemplary N-terminal epitopes start at residues 1-3
and 5 end at residues 7-11 of Ai51. Additional exemplary N-terminal epitopes include residues 2-4, 5,
6, 7 or 8 of AP, residues 3-5, 6, 7, 8 or 9 of A, or residues 4-7, 8,9 or 10 of AP42. "Central epitopes"
are epitopes or antigenic determinants comprising residues located within the central or mid-portion of
the Ap peptide. Exemplary central epitopes include residues within amino acids 13-28 of AP,
preferably from residues 14-27, 15-26, 10 16-25, 17-24, 18-23, or 19-22 of AP. Other exemplary
central epitopes include residues within amino acids 16-24, 16-23, 16-22, 16-21, 18-21, 19-21, 19-22,
19-23, or 19-24 of AP. "C-terminal" epitopes or antigenic determinants are located within or including
the C-terminus of the Ap peptide and include residues within amino acids 33-40, 33-41, or 33-42 of
AP. "C-terminal epitopes" are epitopes or antigenic determinants comprising 15 residues located
within the C-terminus of 'the AO peptide (for example, within about amino acids 30-40 or 30-42 of A$.
Additional exemplary C-terminal epitopes or antigenic determinants include residues 1340 or 33-42 of
A6.      When an antibody is said to bind to an epitope within specified residues, such as AP 3-7, what
is meant is that the antibody specifically binds to a polypeptide containing 20 the specified residues
(La, AP 3-7 in this an example). Such an antibody does not necessarily contact every residue within
Ap 3-7. Nor does every single amino acid substitution or deletion within Af3 3-7 necessarily
significantly affect binding affinity In various embodiments, an AP antibody is end-specific. As used
herein, the term "end-specific" refers to an antibody which specifically binds to the N-terminal or
C-terminal 25 residues of an AP peptide but that does not recognize the same residues when present
in a longer AP species comprising the residues or in APP. in various embodiments, an AP antibody is
"C-terminus-specific." As used herein, the term "C tenninus-snecific" means that the antibody
specifically recognizes a free C-terminus of an Ap peptide. Examples of C terminus-specific AP
antibodies include those that: recognize an All 30 peptide ending at residue 40 but do not recognize an
AP peptide ending at residue 41,  



39 42, and/or 43; recognize an Al3 peptide ending at residue 42 but do not recognize an Ap peptide
ending at residue 40, 41, and/or 43; etc. In one embodiment, the AO antibody may be a 3D6 antibody
or variant thereof, or a 10D5 antibody or variant thereof, both of which are described in U.S. Patent 5
Publication No. 20030165496A1, U.S. Patent Publication No. 20040087777A1, International Patent
Publication No. W002/46237A3 and International Patent Publication No. W004/080419A2. Description
of 3D6 and 10D5 antibodies can also be  found, for example, in International Patent Publication No.
W002/08830642 and International Patent Publication No. W002/088307A2. Additional 3D6 antibodies
are 10 described in U.S. Patent Application No. 111303,478 and International Application No.
PCDU505/45614. 3D6 is a monoclonal antibody (mAb) that specifically binds to an N-terminal epitope
located in the human (3-amyloid peptide, specifically, residues 1-5. By comparison, 10ll5 is a mAb that
specifically binds to an N-terminal epitope located in the human 0-arnyloid peptide, specifically,
residues 3-6. A cell line producing the 3D6 15 monoclonal antibody (R296 3D6.32.2.4) was deposited
with the American Type Culture Collection (ATCC), Manassas, VA 20108, USA on April 8, 2003 under
the terms of the Budapest Treaty and has deposit number PTA-5130. A cell line producing the 10D5
monoclonal antibody (RB44 10D5.19.21) was deposited with the ATCC on April 8, 2003 under the
terms of the Budapest Treaty and has deposit number PTA-5129. 9() Exemplary variant 3ll6 antibodies
are those having, for example, a humanized light chain comprising variable region amino acid
sequences set forth as SEQ ID NO:3 or SEQ ID NO:5 and a humanized heavy chain comprising
variable region amino acid sequences set forth as SEQW NO:4 or SEQ ID NO:6. Other exemplary
variant 3D6 antibodies are those having, for example, a humanized light chain amino acid sequence
25 set forth as SEQ ID NO:7 and a humanized heavy chain amino acid sequence set forth as SEQ ED
NO:S.       Exemplary variant 10D5 antibodies are those having, for example, a humanized light chain
comprising variable region amino acid sequences set forth as SEQ ID NO:9 or SEQ ID NO: 11 and a
humanized heavy chain comprising variable region amino acid 30 sequences set forth as SEQ ID
NO:10 or SEQ ID NO:12. Other exemplary variant 10D5 antibodies are those having, for example, a
humanized light chain amino acid sequence set forth as SEQ ID NO:13 and a humanized heavy chain
amino acid sequence set forth as SEQ ID NO:14. Such variant antibodies are further described in
W002/088307A2.  40       In another embodiment, the antibody may be a 12B4 antibody or variant
thereof, as described in U.S. Patent Publication No. 20040082762A1 and International Patent
Publication No. W003/077858A2. 12B4 is a mAb that specifically binds to an N-terminal epitope,
located in the human $-amyloid peptide, specifically, residues 3-7. 5Exemplary variant 12B4
antibodies are those having, for example, a humanized light chain (or light chain) comprising variable
region amino acid sequences set forth as SEQ ID NO: 15 or SEQ 1D NO: 17 and a humanized heavy
chain comprising variable region amino acid sequences set forth as SEQ ID NO:16, SEQ ID NO:18 or
SEQ ill NO:19. 



10In yet another embodiment, the antibody may be a 12A1l antibody or a variant thereof, as described
in U.S. Patent Publication No. 20050118651A1, U.S. Patent Application Serial No. 11/303,478,
International Patent Publication No. W004/108895A2, and International Patent Application Serial No.
PCT/US05/45614. 12A11 is a mAb that specifically binds to an N-terminal epitope located in the
human $- 15 amyloid peptide, specifically, residues 3-7. A cell line producing the I2A11. monoclonal
antibody was deposited with the ATCC on December 13, 2005 under the terms of the Budapest Treaty
and has deposit number PTA-7271.       Exemplary variant 12Al1 antibodies are those having, for
example, a humanized light chain comprising the variable region amino acid sequence set forth as
SEQ 20 NO:20 and a humanized heavy chain comprising variable region amino acid sequences set
forth as SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID
NO:26, SEQ II) NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID
140:32, SEQ ID NO:33, SEQ ID 140:34, SEQ11) 140:35, SEQ ID 140:36, SEQ ID N0:37, SEQ ID
N0:38, SEQ ID N0:39, SEQ ID 25 NO:40, or SEQ ID NO:41.       In yet another embodiment, the
antibody may be a 6C6 antibody, Or a variant thereof, as described in U.S. Patent Application No.
11/305,899 and International Application No. PCT/US05/45860. 606 is a inAb that specifically binds to
an N-terminal epitope, located in the human IS-amyloid peptide, specifically, residues 3-7. A 30 cell
line producing the antibody 606 was deposited on November 1, 2005, with the ATCC under the terms
of the Budapest Treaty and assigned accession number PTA- 7200.  41      In yet another
embodiment, the antibody may be a 2113 antibody as described in U.S. Patent Application Nc.
11/305,899 and International Application No, PCT/US05/45860, 2E13 is a inAb that specifically binds
to an N-terminal epitope located in the human 13-amyloid peptide, specifically, residues 2-7, 5In yet
another embodiment, the antibody may be a 3A3 antibody as described in U.S. Patent Application No.
11/305,899 and International Application No. PCT/US05/45860. 3A3 is a rriAb that specifically binds to
an N-terminal epitope located in the human fi-amyloid peptide, specifically, residues 3-7.         Cell
lines producing the antibodies 2113 and 3A3, having the ATCC accession 10 numbers PTA-7267 and
PTA-7269 respectively, were deposited on December 13, 2005 under the terms of the Budapest
Treaty. In yet another embodiment, the antibody may be a 15C11 antibody or variant thereof, as
described in a U.S. Patent Application No, 11/304,986 and International Patent Application No.
PCT/US05/45515 entitled "Humanized Antibodies that 15 Recognize Beta Aruyloid Peptide:" 15C11 is
a inAb that specifically binds to a central epitope located in the human 0-amyloid peptide, specifically,
residues 19-22. A cell line producing the 15C11 monoclonal antibody was deposited with the ATCC on
December 13, 2005 under the terms of the Budapest Treaty and has deposit number PTA-7270. In yet
another embodiment, the antibody may be a 266 antibody as described in 



20 U.S. Patent Publication No. 20050249725A1, and International Patent Publication No.
W001/62801A2. 266 is a mAb that specifically binds to a central epitope located in the human
0-amyloid peptide, specifically, residues 16-24. A cell line producing the 266 monoclonal antibody was
deposited with the A.TCC on July 20, 2004 under the terms of the Budapest Treaty and has deposit
number PTA-6123. 25Exemplary variant 266 antibodies are those having, for example, a humanized
light chain comprising variable region amino acid sequences set forth as SEQ ID NO:42 or SEQ ID
NO:44 and a humanized heavy chain comprising variable region amino acid sequences set forth as
SEQ ID NO:43 or SEQ TI) NO:45. Other exemplary variant 266 antibodies are those having, for
example, a humanized light chain amino acid sequence 30 set forth as SEQ ID NO:46 and a
humanized heavy chain amino acid sequence set forth as SEQ ID NO:47. Such variant antibodies are
further described in U.S. Patent Publication No. 20050249725A1, and International Patent Publication
No. W001/62801 A2.  42 In yet another embodiment, the antibody may be a 2B1 antibody, or a variant
thereof, as described in a U.S. Patent Application No. 11/305,899 and International Patent Application
No. PCT/US05145860 entitled "A$ Antibodies for Use in Improving Cognition". 2131 is a mAla that
specifically binds to a central epitope located in the 5 human S-amyloid peptide, specifically, residues
19-23. In yet another embodiment, the antibody may be a 102 antibody, or a variant thereof, as
described in a U.S. Patent Application No. 11/305,899 and International Patent Application No.
PCT/US05/45860 entitled "A$ Antibodies for Use in Improving Cognition". 1C2 is a mAb that
specifically binds to a central epitope, located in the 10 human 3-amy1oid peptide, specifically,
residues 16-23.      In yet another embodiment, the antibody may be a 908 antibody, or a variant
thereof, as described in U.S. Patent Application No. 11/304,986 and International Patent Application
No, PCT/US05/45515. 908 is a inAb that specifically binds to a central epitope located in the human
S-amyloid peptide, specifically, residues 16-21. 15,Cell lines producing the antibodies 2B1, 1C2 and
908 were deposited on November '4 2005, with the ATCC under the terms of the Budapest Treaty and
were assigned accession numbers PTA-7202. PTA-7199 and PTA-7201, respectively.      Antibodies
that specifically bind to C-tenninal epitopes located in human /3- arnyloid peptide, for use in the
present invention include, but are not limited to, 369 213, 20 as described in U.S. Patent No.
5,786,180, entitled "Monoclonal antibody 369.213 specific for B A4 peptide." Further description of
antibodies for use in the present invention can be found in, for example. Bussiere et al., (Am. S.
Pathol. 165(3):987-95 



(2004)) Bard et al. (PNAS 100(4):2023-8 (2003)), Kajkowski et al. 0. Biol. Chem. 276(22):18748-56
(2001)), Games et al. (Ann NY Acad. Sci. 920:274-84 (2000)), Bard 25 et al. (Nat. Med. 6(8):916-9
(2000)), and in International Patent Application No. W003015691A2 entitled "Effecting rapid
improvement of cognition in a subject having Alzheimer's disease, Down's syndrome, cerebral amyloid
angiopathy, or mild cognitive impairment, comprises administering anti-A beta antibody". Further
description of antibody fragments for use in the present invention can be found in, for example, Bales
30 et al. (Abstract P4-396, page 3587, presented at Poster Session P4: Therapeutics and Therapeutic
Strategies-Therapeutic Strategies, Antyloid-Based) and Zameer et al. (Abstract P4-420, page 3593,
presented at Poster Session P4: Therapeutics and Therapeutic Strategies-Therapeutic Strategies,
Amyloid-Based).  43       Antibodies for use in the present invention may be recombinantly or
synthetically produced. For example, the antibody may be produced by a recombinant cell culture
process, using, for example, CHO cells, NIB 3T3 cells, PER.C6(r) cells, NSO cells, VERO cells, chick
embryo fibroblasts, or BI-1J. cells. In addition, antibodies with 5 minor modifications that retain the
primary functional property of binding AS peptide are contemplated by the present invention. In a
particular embodiment, the antibody is a humanized anti PO peptide 3D6 antibody that selectively
binds A$ peptide. More specifically, the humanized anti AS peptide 3D6 antibody is designed to
specifically bind to an NH2-terminal epitope, for example, amino acid residues 1-5, located in the 10
human S-ainyloid 1-40 or 1-42 peptide found in plaque deposits in the brain (for example, in patients
suffering from Alzheimer's disease).       An exemplary humanized anti AS peptide' antibody is
humanized 3D6 version 2 (h3D6v2). The complete amino acid sequences of the h3D6v2 light and
heavy chains predicted from the DNA sequences of the corresponding expression vectors are shown
15 in Figure 1 (where the residues are numbered starting with the NH2-terminus of light and heavy
chains as residue number 1) and in SEQ ID NO: 1 and SEQ ID N0:2, respectively. The last amino acid
residue encoded by the heavy chain DNA sequence, Lys449, has not been observed in the mature,
secreted folui of h3D6v2 and, without wishing to be bound to any particular theory, is presumably
removed during intracellular 20 processing by CHO cellular proteases. Therefore, the COOH-terminus
of the h3D6v2 heavy chain is optionally 01y448. COOH-terminal lysine processing has been observed
in recombinant and plasma-derived antibodies and does not appear to impact their function (Harris
(1995)J. Chromatogr. A. 705:129-134). Purified h3D6v2 is post- translationally modified by addition of
N-linked glycans to the Pc portion of heavy 25 chain, which is lcnown to contain a single
N-glycos-ylation consensus site. The N- glycosylation site displays three major complex biantennary
neutral oligosaccharicle structures commonly observed at the analogous N-glycosylation site of
mammalian Ige proteins.            Another exemplary humanized anti AS peptide antibody is humanized
3D6 30 version 1 (hu3D6v1) having the sequence set forth in Figure 1 but for a D4 Y substitution at
position 1 of the light chain, a 84 A substitution at position 75 of the 



heavy chain (position 74 by Rabat numbering), a T4 S substitution at position 78 of the  44 heavy
chain (position 77 by Kabat numbering), and a V-) L substitution at position 93 of the heavy chain
Cnosition 89 by Kabat numbering), Various aspects and embodiments of the present invention are
further described 5 by way of the following Examples. The Examples are offered by way of illustration
and not by way of limitation. EXAMPLES The following examples are offered for illustrative pmposes
only. 10 Examples are provided using two different anti-AP monoclonal antibodies. Six separate
experiments are described each representing a combination of antibody and impurity removal.
'Materials and Methods 15In general; the practiceof the present invention employs, unless otherwise
indicated, conventional techniques of chemistry, molecular biology, recombinant DNA technology,
immunology (especially, e.g.; immunoglobulin technology), and standard techniques in
electrophoresis. See, e.g., Sambrook, Fritsch and Maniatis, M.olecular Cloning: Cold Spring Harbor
Laboratory Press (1989); Antibody Engineering Protocols 20 (Methods in Molecular Biology), 510,
Paul, S., Humana Pr (1996); Antibody Engineering: A Practical Approach (Practical Approach Series,
169), McCafferty, Ed., hi Pr (1996); Antibodies: A Laboratory Manual, Harlow eta?., C.S.H.L. Press,
Pub. (1999); Current Protocols in Molecular Biology, eds. Ausubel et al., John Wiley & Sons (1992).
Bousse et al., Protein Sizing on a Microchip, Anal.Chem. 73, 1207-1212 (2001); 25 Knapp et al.,
Commercialized and Emerging Lab-on-a-Chip Applications; In: Proceedings of the /HAS 2001
Symposium, Ramsey, J.M. & van den Berg, A., 7-10 (2001); and Mbatre et al., Strategies for locating
disulfide bonds in a monoclonal antibody via mass spectromeny, Rapid Conzmun.Mass Spectrom, 13
(24) 2503-2510 (1999). 30 Production of Target Antibody 



The target antibody can be produced, e.g., using a recombinant mammalian cell line grown in
suspension culture. Conditioned medium containing the antibody of  45 interest is generated in a
production bioreactor. The resulting product may be harvested and clarified with any appropriate
clarification step such as, for example, either microfiltration and 0.22 um filtration Or centrifugation, or
pad filtration and 0.22 um filtration. 5 Purification Crap:get Antibody The purification of the target
monoclonal antibodies exemplified herein (AAB or 12A11) consists of capture of the target molecule
on protein A affinity chromatography.     This can consist of ram Protein A SepharoseTm Fast Flow,
Protein A SepharoseTm Fast Flow, 10 or MabSelect Protein A. The resin is then washed as described
for each of the experiments  and the product eluted and tested for impurity levels. Analysis of Target
Antibod  Reversed-Phase HPLC (RP-HPLC) was used to quantitate the amount of 1RT 15 present in
the AAB monoclonal antibody samples. Size Exclusion Chromatography (SEC-HPLC) was used to
determine the percentage of monomeric protein (monomeric IgO), high molecular weight (IIMW), and
low molecular weight (LIVIW) species. Denaturing SEC-ELPLC analysis was carried out to determine
the relative amount of Under-Disulfide Bonded (UDB) species in samples. The levels of HCP in the
test 20 samples were detemiined using an Enzyme-Linked inimunosorbant assay (ELISA). Analytical
Assays: IRT & UDB  Reversed-Phase HPLC (MB IRT Analysis) The RP-IPLC was conducted as
follows. Disulfide reduction of each sample 25 was performed by incubation at 40 C for 60 min in the
presence of 2.5 niM DTT. Alkylation was performed by incubation at room temperature in the presence
of 5.5 roM iodoacetic acid. Following reduction and alkylation, all samples were quenched with 5 gl of
1 M DTT. The limit of quantification for this assay is 0.5%. Approximately 40 jig of each reduced,
alkylated sample was injected onto a POROS Rl/H RP-HPLC column 30 and run for 70 rain under the
following conditions: Column: Poros RI/El RP-HPLC Column Temp: 50C;  



46 Mobile Phase A: 0.1% TFA (w/v) in water; Mobile Phase B: 0.1% TETA (w/v) in 95% acetonitrile;
Flow rate: 1.0 mL/min Detection: 217 tun 5Run Time: 70 minutes Injection: Triplicate of 40 gig each
The gradient times were as listed in TABLE 1. 10Table 1: Gradient times for RP-ITPLC method
Gradient Time % A % B 0-1 95 5 2 70 30 54 60 40 55.1-70 



95 5  dSEC-HPLC (21.4B UDE Analysis)      Denaturing SEC-HPLC was conducted as follOws. The
pretreatment of samples for the denaturing SEC assay involves a reagent/sample mixture at final
concentrations 15 of 200 ugimL, of protein, 34 Guanidine HO, and 100 nil1/1 Tris, at a pH of 7.4. The
samples were heated at 80C for 20 minutes while mixing through inversion. For this assay, two
controls are employed to allow a bracketing of UDB levels. internal references with low and high levels
of UDB were used as controls. 20Chromatographic/Assay conS re as follows: Column: Tosoh BioSep
G3000 SWx1 Column Temp  Ambient Mobile Phase: 3 M Guanidine HC1, 25 mM NaPO4, pH 6.8
Gradient: isocratic Flow rate: 0.5 mL/min Detection: 280 nna  47 Run Time: 50 minutes Injection:
Triplicate 50 'IL (10 Rg) 5 EXAMPLE 1: Comparison of Wash Buffers for MT removal In this example,
an impure solution containing the anti-A monoclonal antibody AAP was purified by adsorption onto a
Protein A column followed by a first wash with a wash buffer containing either CaCl2, MgC12, NaC1 or
propylene glycol. 10 The culture containing the monoclonal antibody was purified at small scale using
an imp Protein A SepharoseTM FF column (8.9 niL) connected to a GE Healthcare ikKTA FPLC
chromatography system. For all the imp Protein A SephayoseTM FF chromatography steps described
in experiment 1, the following conditions were used. (Exceptions are 15 noted in the individual
experimental descriptions). 



Column dimensions -1.0 cm x 11.4 cm Operational flow rate - 150 cmihr Equilibration 1 -20 mM Iris,
150 in1M NaCI, pH 7.5 (5 column volumes) 20 Flush - 20 mM Tris, 150 mIVI NaCI, pH 7.5 (1 column
volume) Wash 1 - Variable (See Table 2) except for run #1, which had no wash 1 Wash 2 - 20 riiM Iris,
1.0 M NaC1, pH 7.5 (5 column volumes) Wash 3 - 10 mM Iris, 75 mM NaC1, pH 7.5 (7 column
volumes) Elution - 50 m.M Glycine, 75 mM NaCI, pH 3.1 (6 column volumes) 25 Strip 1 - 20 mM
Sodium Citrate, pH 2.7 (5 column volumes) Strip 2 - 6 M Guanidine HCI (2 column volumes) Strip
wash - 20 mM Iris, 150 rnM NaCI, pH 7.5 (5 column volumes) Storage - 16% Ethanol (5 column
volumes) Run temperature: 2-8C 30 The rmp Protein A SepahroseTm FF column runs were
equilibrated with 5 column volumes of 20 mM Iris, 150 mM NaCI, pH 7.5. The column was loaded at
approximately 10 mg productimL resin. Loading was followed by a 1 column volume  48 flush with
equilibration buffer and 5 column volumes of wash 1 solution. All Wash 1 solutions tested are outlined
in Table 2, Wash 1 was included in all runs except for run #1. Wash 1 was followed by 5 column
volumes of 20 inM Tris, 1.0 M NaC1, pH 7.5 and 7 column volumes of 10 raM Tris, 75 rrtM NaCI, pH
7.5. The monoclonal antibody was 5 eluted from the cohunn with 50 naM Glycine, 75 in.M NaC1, pH
3.1. The product pool was then neutralized to 7.9-8.1 with 2 M Tris pH 8.5. The columns were then
stripped, washed and stored. Table 2 lists the levels of the IRT species & LMW present in the product
pools from the various runs Magnesium chloride and calcium chloride washes reduced levels of IRT
and LIMW species. 10 Table 2: IRT and L1V1W Values for Various Wash 1 Buffers   



Run # Condition  `)/i, IRT   % L  1 Control (No Wash 1) 4.4 25 2 20% Propylene Glycol, pH 7.5 4.7 9:5
3 50 mM Tris, 2.0 M Magnesium Chloride, pH 7.5 1.6 1.5 4 



50 mM Tris, 2.5 M Magnesium Chloride, pH 7.5 1.5 1.3 5 50 raM Acetate, 2.0 M Magtesium Chloride,
pH 4.5 0.9 0.8 6 50 triM Tris, 4.0 M Sodium Chloride, pH 7.5 4.4 2.5 7 50 naM Tris, 2.0 M Calcium
Chloride, pH 7.5 1.8 1.4 8 50 m1V1 'Iris, 2.5 M Calcium Chloride, pH 7.5 0.8 0.8   



The results showed that the magnesium chloride and calcium chloride washes reduced levels of EU
and LMIAT species, whereas the sodium chloride and propylene glycol washes did not reduce IRT or
LMW species. EXAMPLE 2. Protein A Chromatography with CaCl2 wash for IRT removal 20 In this
example, a larger scale antibody purification was carried out using Protein A chromatogaphy with a
Cad', wash to remove IRT species.  49 The culture containing the monoclonal antibody was purified at
pilot scale using a MabSelect Protein A column (2 .4 L) connected to a Millipore IC-Prime 400
chromatography system, The two MabSelect nms were performed as described below. Column
dimensions - 13 cm x 18 cm 5 Operational flow rate - 150 cm/hr, 300 cm/hr Equilibration - 20 mM Tris,
150 nalVINaCI, pH 7.5 (5 column volumes) Flush - 20 rru'VI Tris, 150 miMNaCI, pH 7.5 (2 column
volumes) Wash 1 - 50 m1VITris, 2 M CaCl2, pH 7.5 for run #1 and no wash 1 for run #2 Wash 2 - 20
mM Iris, 1.0 MNaC1, p1-I 7.5 (5 column volumes) 10 Wash 3 - 10 m_M Tris, 75 rnMNaC1, pH 7.5 (5
column volumes) Elution - 50 niM Glycine, 25 mMNaCI, pH 3.1 (6 column volumes) Strip 1 - 50 niM
Glycine, 0.5M NaC1, pH 2.7 (5 column volumes) Strip 2 - 6 M Guanidine HC1 (2 column volumes),!
Strip wash - 20 niM Iris, 150 riaM NaCl, pH 7.5 (5 column volumes) 15 Storage - 16% Ethanol (5
column volumes) Run temperature: 2-8C The .MabSelect Protein A column was equilibrated with 5
column volumes of 20 iruiVI Iris, 150 mM NaC1, pH 7.5. The columns were then loaded at
approximately 10 mg 20 productimL resin. This was followed by a 2 column volume flush with
equilibration buffer and 5 column volumes of wash 1 solution. This wash 1 solution consisted of 50 mM
Iris, 2.0 M CaC12, pH 7.5 for run 1, while it was left out entirely for run 2, Wash 1 



was then followed by 5 column volumes of 50 mM Tris, 1.0 M NaC1, pH 7.5 and 5 column volumes of
10 mM Tris, 75 m/vINaC1, pH 7.5. The monoclonal antibody was 25 eluted from the MabSelect
Protein A column with 50 mi14 Glycine, 25 niM NaCl, pH 3.1. The product pool was then neutralized to
7.8-8.2 with 2 M Tris pH 8.5. The columns were then stripped, washed and stored. The results are
shown in Table 3. Table 3: % IRT levels in pilot-scale runs with and without calcium chloride wash Run
# Wash I Buffer % IRT 1 50 raM iris, 2 M CaC12, pH 7.5 0.8 2 Control (None) 1.9  50 The results
showed that at pilot scale the calcium chloride wash removed PT from the product pool. 5 EXAMPLE
3: DNA Removal hi this example, the ability of a CaC12 wash to remove host cell DNA from a
preparation containing the AAB monoclonal antibody was examined. 10 The culture containing the
monoclonal antibody was purified at small scale using a MabSelect Protein A column (19 rut)
connected to a GE Healthcare AKTA. FPLC chromatography system. The three MabSelect runs were
performed as described below.     Column dimensions -- 1.1 cm x 20 cm 15 Operational Bow rate -300
cinnar 



Equilibration 1 - 20 mM Iris, 150 mM Nadi, pH 7.5 (5 column volumes) Flush - 20 raM Iris, 150 inM
NaC1, pH 7.5 (2 cohunn volumes)   Wash I - 50 inWITris, 2.0 M CaC12, pH 7.5 (5 column volumes)
(Runs 2 and 3 only) Wash 2 - 20 mM Iris, 1.0 M NaC1, pH 7.5 (5 column volumes) (Runs 1 and 3 only)
20 Wash 3 - 10 mM Iris, 75 niNI NaCI, pH 7.5 (7 column volumes) Elution - 50 mM Glycine, 75 inM
NaC1, pH 3.0 (6 column volumes) Strip - 50 inM Glycme, 0.5 M NaC1, pH 2.7 (5 column volumes)
Strip wash -20 mM Iris, 150 11W NaC1, pFT 7.5 (5 column volumes) Storage - 16% Ethanol (5 column
volumes) 25 Run temperature: 1S-24C The MabSelect Protein A column runs were equilibrated with 5
column volumes of 20 InM Iris, 150 inM NaC1, pH 7.5. The columns were then loaded at a load of
approximately 40 mg product/mL resin. This was followed by a 2 column volume flush 30 with
equilibration buffer. For runs 2 and 3, this step was followed by 5 colurrm volumes of Wash 1 solution.
For runs 1 and 3, 5 column volumes of Wash 2 solution was used. All 3 runs employed 7 column
volumes of Wash 3 solution. The monoclonal antibody was elated off the MabSelect Protein A column
with 50 mM Glycine, 75 mM N aC1, pH  51 3.0. The product pool was then neutralized to 7.5-8.0 with
2 M Iris pH 8.5. The columns were then stripped, washed and stored. The results are shown hi Table
4. Table 4: DNA removal with calcium chloride wash. Run 1,1 Wash 1 Wash 2 DNA (ng/mL)  DNA 1
(ppm) 1 None (Control) 



20 inM Iris, 1 M NaC1, pH 7.5 3.6 0.37 1 2 50 niM Tris, 2 M CaCl2, pH 7.5 None 0.9 0.09 1 3 50 mM
Tris, 2 M CaC12, pH 7.5 20 niM Tris, 1 M NaC1, pH 7.5 0.3 0.03  The results showed that the addition
of 50 mM Iris, 2.0 M calcium chloride, pH 7.5, provided 10 fold greater reduction of DNA compared to
using NaC1 in the wash solution. 10 EXAMPLE 4: Host Cell Protein Removal In this example, a
second anti-A monoclonal antibody, 12A11, was used in purificatio runs in which various wash
conditions were tested for the ability to remove host cell proteins (HCP). 15 A high throughput screen
(HTS) in a 96-well filter plate format was performed to identify the best wash conditions for removal of
impurities such as HCP for the MabSelect step. This screen varied the wash excipients, excipient
concentration, and pH to determine their effect on process related impurities such as HCP. 



20 The MabSelect resin was equilibrated using 5 JIM Iris, 10 noM NaC1, pH 7.3 and loaded with
product in a column. The resin was then unpacked, mixed and 50 tiL of resin was distributed to each
well of a 96 well filter plate. The resin in each well was equilibrated in solution of 5 triM Iris, 10 mM
NaC1, pH 7.3, and then washed with each 25 of the various excipient wash solutions in 3 stages, each
using 300 !AL of wash buffer. After the excinient wash, a second wash with 5 mM Tris, 10 mM NaCl,
pH 7.3 buffer was performed in 4 stages of 300 uL each. The product was then eluted from the resin
52 in 3 stages of 300 p.L each. Elution stages 1 and 2 were combined and tested for HCP levels.
Resin Volume - 50 !AL 5 Wash Excipients - Sodium Chloride, Calcium Chloride, Magnesium Chloride,
Excipient Concentrations -100, 250, 500, 1000, 1500, and 2000 inM Excipient pH - 6.0 &7.5 Elution
Buffers -25 in_M Hopes, 10 m.M NaC1, pH 3.0, 25 mM Repos, 100 inM NaC1,                  pH 3.0, 50
mM Glycine, 10 mM. NaC1, pH 3.0, 50 mM Glycine, 100 10mlvi NaC1, pH 3.0 and 100 mM Arginine,
10 niM NaC1, pH 3.0, 100 mM Arginine, 100 niM NaC1, pH 3.0 Rim temperature: 18-24C The results
are shown in Table 5 and Table 6. Table 5: HCP values for MabSelect resin washed with sodium
chloride, calcium chloride, or magnesium chloride at pH 6.0  Elution Buffer Elution NaCI   Conc.
I(mAN) 



Wash Excipient Conc. (trifH) WashExcipien    NaCI CaC12 M Cl2    HCP (ppm) 50 niM Giycine 10 100
46,80028,500 30,800 25 raM HEPES 



250 35,300 17,900 22,000 100 mM Arg,mine,  500 40,900 17,700 18,400 50 mM Glycine  1000 34,300
12,600 14,200 25 mM REPES  1500 37,000 



7,800 10,700 100 m_M Arginine  2000 43,900 5.800 9,300  53 Table 6:HCP values for MabSelect
resin washed with sodium chloride, calcium chloride, or magnesium chloride at pH 7.5.   Elution Buffer
(mM) Elution NaCI Conc. Wash Excipient Conc. (mM) 



Wash Exeipient Cad, MgC12    NaC1      HCP (ppm) 50 mivl Glycine 100 100 27,900 17,900 21,800
25 inM HERBS 



250 24,700 16,600 18,200 100 mIVI Arginine  500 26,500 14,000 17,300 50 m/vI Glycine  1000 30,100
14,500 17,700 25 mM FIEPES  1500 35,300 



12,000 12,500 100 mM Arginine  2000 41,700 8,200 11.700  5 The results showed that both calcium
chloride and magnesium chloride reduced the level of RCP in the MabSelect peak pool compared to
sodium chloride at pH 6.0 (Table 5) and pH 7.5 (Table 6). EXAMPLE 5: Removal of under-disulfide
bonded snec es (UDR) IC In this example, the ability of the CaC12 wash to remove under disulfide
bonded species (UDB) was examined.     Two imp Protein A SepharoseTM FF runs were performed
essentially as described in 15 example 1, Column dimensions - 1.0 cm x 11.4 cm Operational flow rate
- 150 cm/hr Equilibration 1 - 20 mM Tris, 150 ratvI NaC1, pH 7.5 (5 column volumes) 20 Flush - 20
rnM Tris, 150 mM NaC1, pH 7.5 (1 column volume) Wash 1 - 50 niM Acetate, 2.0 M CaC12, pH 5.0 for
Run 1; None for Run 2 Wash 2-20  niM Tris, 1.0 M NaC1, pH 7.5 (5 column volumes) Wash 3 -- 10
miVi Tris, 75 milVINaC1, pH 7.5 (7 column volumes) Elution - 50 niM Glycine, 75 rnIVI NaCh pH 3.1 (6
column volumes) 



54 Strip 1 -20 inM Sodium Citrate, pH 2.7 (5 column volumes) Strip 2 - 6 M Guanidine HO (2 column
volumes) Strip wash -20 mIVI Iris, 150 mM NaC1, pH 7.5 (5 column volumes) Storage - 16% Ethanol
(5 colunin volumes) 5 Run temperature: 2-8C The rmp Protein A Sepharose FF columns were
equilibrated with 5 column volumes of 20 niM Tris, 150 roM NaC1, pH 7.5. The columns were then
loaded at a load of approximately 10 mg productirnL resin. This was followed by a 1 column volume
flush 10 with equilibration buffer and then 5 column volumes of wash 1 solution. This wash 1 solution
consisted of 50 ni_M. Acetate, 2.0 M CaCl2, pH 5.0 for nm 1, while it was left out entirely for run 2.
Wash I was then followed by 5 column volumes of 20 mM Tris, 1.0 MNaC1, pH 7.5 and 7 column
volumes of 10 inM Tris, 75 mM NaC1, pH 7.5. The monoclonal antibody was eluted off the ram Protein
A SepharoseTM FF column with 50 15 BIM Glycine, 75 m.M NaC1, pH 3.1. The product pool was then
neutralized to 7.8-8.2 with 2 M Tris pH 8.5. The columns were then stripped, washed and stored. The
results are shown in Table 7. Table 7: A, LIM for with and without calcium washed samples. Run #
Sample % LDS  50 na/M Acetate, 2.0 M CaC12, pH 5.0 9.5 2 None (Control) 20.8 20 A 2-fold
reduction in LTDB levels was observed for the run that had the additional 50 inivl Acetate, 2.0 M
CaC12, pH 5.0 wash. 



25 EXAMPLE 6: Removal of HCP and IRT with Other Divalent Cation Salt Washes In this example,
the ability of washes containing either MnCl, or NiCls to remove impurities from a preparation
containing the anti-A[3 monoclonal antibody AAl3 was examined.  55 Two runs were performed to
evaluate the effect of washes containing other divalent cationic salts such as MitC12 and NiC12. Two
control runs were also performed - one using a 50 niM Tris, 1.0 M NaC1, pH 7.5 wash (no IRT or HCP
removal expected) and 5 another using a 50 InM Tris, 2.0 M CaC12, pH 7.5 wash. The culture
containing the monoclonal antibody was purified at small scale using a MabSelect Protein A column (9
InL) connected to a GE Healthcare A.K.TA FPLC chromatography system. The MabSelect runs were
performed as described below. As 10 described below, all operational parameters were identical for
the four runs except for Wash I, which was variable (Table 8). Column dimensions - 1.0 crn x 11.5 cm
(9 mL) Operational flow rate - 300 cmilu (Equilibration, Wash 2, Elution, Regeneration, 15 Storage)
Operational flow rate -230 cm/hr (Load, Flush, Wash 1) Equilibration 1 - 50 mM Tris, 150 mM NaC1,
pH 7.5 (5.0 column volumes) Wash 1 - Variable (See Table 8 for composition) Wash 2 - 50 mM Tris,
10 mIVINaCI, pH 7.5 (5 column volumes) 20 Elution - 50 miM Glycine, 10 inlvl NaC1, pH 3.0 (3 column
volumes) Regeneration-SO mM NaOH, 0.5 M Na2304 (5 column volumes) Storage - 16% Ethanol, 50
raM Tris, 150 m_MNaCI., pH 7.5 (5 column volumes) Run temperature: 18-24PC 95 The MabSelect
Protein A column was equilibrated with 5 column volumes of 50 mM Tris, 150 mM NaCI, pH 7.5. The
column was loaded at approximately 40 mg product/mL resin. The remaining load was flushed out of
the column with 5 column volumes of 50 nuM Tris, 150 mM NaCI, pH 7.5. The column was then
washed with one of the solutions described in Table 11. Prior to elution the column was washed with 5
30 column volumes of 50 niM Tris, 10 mM NaC1, pH 7.5. The product was eluted from the MabSelect
Protein A column with 50 ruM Glycine, 10 miVI NaC1, pH 3.0. The product pool was then neutralized
to pH 8.0 with 2M Tris pH 9.0. The column was stripped with 5 column volumes 50 mM NaOH, 0.5 M
Na2SO4 then stored with 5 column  56 volumes of 16% ethanol, 50 mM Tris, 150 mM NaC1, pH 7.5.
The results are shown in Table 8 (HCP removal) and Table 9 (RT removal). 



Table 8: HCP removal with various wash solutions  Run # Wash 1 Condition HCP (PPM) 1 50 rnM
Tris, 1.0 M NaC1, pH 7.5 17,600 2 50 miV1 Sodium Acetate, 1.5 M MnC12, pH 5.0* 10,600 3 50 mM
Sodium Acetate, 1.5 M NiC12, pH 5.0* 4,700 4 50 ruM Tris, 2.0 M CaC12, pH 7.5 6,500 Table 9: IRT
Removal with various wash solutions  Run # Wash 1 Condition 



IRT (%) 1 50 mM Tris, 1.0 M NaC1, pH 7.5 2.78 2 50 mM Sodium Acetate, 1.5 M MnC12, pH 5.0* 0.77
i3 50 mM Sodium Acetate, 1.5 M NiC12, p1-1 5.0 0.47  50mM Tris, 2.0 M CaC12, pH 7.5 0.87  Table 8
shows that the level of HCPs present in runs that were washed with solutions containing divalent
cations had 1 5-3.5 fold less HCPs than the control (1.0 M NaCl 15 Wash). Table 9 shows that the
runs that contained the washes with divalent cationic salts solutions also provide > 3.5 fold IRT
removal compared to the run with a 1.0 M Nadi containing wash solutions. Thus, these results
demonstrated that salt washes with other divalent cations (e.g., with MnC12 or NiC12), different than
CaC12, also were effective in removing impurities.  57 Equivalents Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many equivalents to
the specific embodiments of the invention described herein. Such equivalents are intended to be
encompassed by the following claims.  



58MCSLLP Claims: I.A method for purifying an anti-AB antibody having an Fe region          from a
source liquid comprising the antibody and one or more impurities, 5comprising the steps of
adsorbing the antibody to an Fe binding agent comprising one or more of Protein A and Protein G;
washing the Fe binding agent with a buffer solution containing CaCI, at a concentration of from 0.5 M
to 3 M to remove one or more impurities; and 10recovering the antibody from the Fe binding agent by
eluting the antibody in an elution buffer having a pH in a range from 2 to 4. 2.The method of claim 1,
wherein said one or more impurities are selected from the group consisting of: intron read through
variant species (IRT), under disulfide bonded species (UDB) and low molecular weight species (LMW).
153.The method of claim 2, wherein said one or more impurities is an 1RT. 4.The method of claim I,
wherein the antibody is selected from the group consisting of: an antibody fusion, a murine antibody, a
chimeric antibody, a humanized antibody and a human antibody. 205.The method of claim 1, wherein
the antibody is a humanized anti- AB antibody. 6.The method of claim 5, wherein the humanized
anti-AB antibody is selected from the group consisting of:                 a humanized version of the 3D6
antibody produced by the PTA-5130 cell 25 line deposited with the ATCC;            a humanized version
of the 10D5 antibody produced by the PTA-5129 cell line deposited with the ATCC;  



MCSLLP 59             a humanized version of the 12Al1 antibody produced by the PTA-7271 cell line
deposited with the ATCC;             a humanized version of the 266 antibody produced by the PTA-6123
cell line deposited with the ATCC; and 5a humanized version of the 15C1 1 antibody produced by the
PTA-7270 cell line deposited with the ATCC.             7. The method of claim 1, wherein the antibody
having an Fc region is recombinantly produced.                 8. The method of claim 7, wherein the
antibody having an Fe region to is recombinantly produced in a Chinese Hamster Ovary (CHO) cell.
9. The method of claim 1, wherein the Fe binding agent is immobilized on a solid phase.             10.
The method of claim 9, wherein the solid phase comprises one or more of a bead, a gel, a resin, and a
particle.             11. The method of claim 1, wherein the buffer solution containing the CaC12has a pH
value in a range between 4 to 8.             12. The method of claim 1, wherein the buffer solution
containing the CaC12 has a pH value in a range between 7.3 to 7.7.             13. The method of claim
1, wherein the buffer solution has a CaCl2 20concentration in a range between 1.5 M to 2.0 M.
14. The method of claim I, wherein the buffer solution comprises 2 M CaCl2.               15. The method
of claim 1, wherein the steps of adsorbing the antibody to an Fe binding agent and washing the Fe
binding agent are performed at a 25 temperature in the range between 2C to 24C.  MCSLLP 60
16. The method of claim 2, wherein the one or more impurities further comprise one or more of a host
cell protein, a host cell DNA, a cell culture protein, and mixtures thereof             17. The method of
claim 1, wherein the step of recovering the antibody from the Fe binding agent comprises eluting the
protein using an elution buffer having a pH in a range from 2.5 to 3.5. 



18. The method of claim 1, wherein the method further comprises a chromatography step selected
from the group consisting of: anion exchange chromatography, cation exchange chromatography,
immobilized metal affinity tochromatography and hydrophobic interaction chromatography (HIC).
19. The method of claim 1, wherein the method further comprises an additional purification step
selected from the group consisting of: hydroxyapatite chromatography, dialysis, affinity
chromatography, ammonium sulphate precipitation, ethanol precipitation, reverse phase HPLC
(RP-HPLC), and chromatofocusing. 1520.The method of claim 1, wherein the one or more impurities
comprise one or more intron read-through variants of the antibody and the elution solution containing
the antibody has a level of intron read-through variants that is at least 5 fold less than the level of
intron read-through variants in the source liquid.             21. The method of claim 20, wherein a
solution containing the 20 antibody recovered in the elution solution has a level of intron read-through
variants that is at least 10 fold less than the level of intron read-through variants in the source liquid.
22. The method of claim 1, wherein the one or more impurities comprise one or more intron
read-through variants of the antibody and the intron read- 25through variants comprise less than 1% of
a species of said antibody in the elution solution.  MC 8 Lt. P 61             23. The method of claim 22,
wherein the intron read-through variants comprise less than 0.8% of a species of said antibody in the
elution solution.             24. The method of claim 23, wherein the intron read-through variants comprise
less than 0.5% of a species of said antibody in the elution solution.                  The method of claim 24,
wherein the intron read-through variants comprise less than 0.2% of a species of said antibody in the
elution solution.             26. The method of claim 1, wherein the one or more impurities comprise one
or more low molecular weight species of the antibody and the low molecular weight species comprise
less than 1% of a species of said antibody in the loelution solution.             27. The method of claim 26,
wherein the low molecular weight species comprise less than 0.8% of a species of said antibody in the
elution solution.             28. The method of claim 27, wherein the low molecular weight species
comprise less than 0.5% of a species of said antibody in the elution solution. 



1529.The method of claim 28, wherein the low molecular weight species comprise less than 0.2% of a
species of said antibody in the elution solution.             30. The method of claim 1, wherein the one or
more impurities comprise one or more under-disulfide bonded variants of the antibody and the
under-disulfide bonded variants comprise less than 15% of a species of said antibody in the 20elution
solution.             31. The method of claim 30, wherein the under-disulfide bonded variants comprise
less than 10% of a species of said antibody in the elution solution.             32. The method of claim 31,
wherein the under-disulfide bonded variants comprise less than 5% of a species of said antibody in the
elution solution.                 33. The method of claim 32, wherein the under-disulfide bonded variants
comprise less than 2% of a species of said antibody in the elution solution.             34. The method of
any one of the preceding claims, wherein the AB binding protein is a humanized 3D6 antibody
comprising a light chain comprising the 5 amino acid sequence of SEQ ID NO:1 and a heavy chain
comprising the amino acid sequence of residues 1-448 of SEQ ID NO:2.             35. The method of
claim 1, wherein the antibody is of isotype IgM, IgG I, IgG2, IgG3, or IgG4.             36. The method of
claim 35, wherein the antibody is of isotype I()human IgGl. 






