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I. INTRODUCTION 

Defendant Coherus BioSciences, Inc. (“Coherus”) moves for immediate dismissal of this 

patent infringement action because there is no plausible interpretation under which Coherus 

would infringe the patent-in-suit.  As explained below, this suit involves an alleged artificial act 

of infringement—namely, that Coherus has filed an abbreviated Biologic License Application 

(“aBLA”) seeking FDA approval to market a generic (or “biosimilar”) version of Amgen’s 

Neulasta pharmaceutical product.  There is no dispute about what Coherus does in its accused 

manufacturing step, for it is spelled out in the aBLA.  The sole dispute is a legal one: can the pa-

tent’s claims be read broadly enough to cover the accused manufacturing step disclosed in Co-

herus’ aBLA? 

The answer is no, for two reasons.  First, the patent requires that a manufacturing process 

use one of three listed pairs of salts: citrate and sulfate, citrate and acetate, or acetate and sulfate.  

  

Second, even setting aside that glaring deficiency, the patent requires that each salt be present in 

a concentration of at least “about 0.1 M.”1  And there is no dispute that Coherus’s accused pro-

cess uses 

 

Non-infringement is so clear that Coherus surmises Amgen is pursuing this case not for 

its merits, but rather to throw a costly and artificial wrench into Coherus’s plans to launch a bio-

similar of Neulasta.  This motion should be granted to prevent that from happening. 

                                                 
1 “M” refers to “moles per liter,” a measure of concentration.  One M is equivalent to 1000 milli-

moles per liter, abbreviated “mM.”  
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II. NATURE AND STAGE OF THE PROCEEDINGS

Plaintiffs Amgen Inc. and Amgen Manufacturing, Limited (collectively, “Amgen”) filed

this action against Coherus on May 10, 2017, alleging infringement of U.S. Patent No. 8,273,707 

(“the ’707 patent”).  The complaint, based on the Biologics Price Competition and Innovation 

Act (“BPCIA”), attempts to block the entry of biosimilar competition to Amgen’s biologic drug 

product Neulasta.  Coherus moves to dismiss the case for failure to state a claim.  

III. SUMMARY OF THE ARGUMENT

Coherus is entitled to dismissal because, as a matter of law, its accused manufacturing

process does not infringe any claim of the ’707 patent.  All of those claims are directed to a col-

umn chromatography process that requires, among other things, (1) loading onto the column a 

protein mixture that includes one of three specified pairs of salts, where (2) each of the salts is 

present in this mixture at concentrations of at least “about 0.1 M.”  As a matter of law, the pro-

cess described in the Coherus aBLA, and already disclosed to Amgen pursuant to the BPCIA, 

satisfies neither of these limitations.  

1. Coherus’s accused chromatography process does not load onto the column a pro-

tein mixture containing any of the salt pairs listed in the claims (citrate and sulfate, citrate and 

acetate, or acetate and sulfate).  Instead, Coherus’s process uses  

 Because this is not one of the three listed pairs, there can be no literal in-

fringement.  Nor can there be infringement under the doctrine of equivalents.  During prosecu-

tion, Amgen overcame a rejection on the ground that “the particular combination of salts recited 

in the pending claims” was not taught or suggested by the prior art—which disclosed using  

 the very ones that Coherus’s process uses.   

2.

  The claims re-
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quire that the loading mixture (the solution poured onto the chromatography column) contain 

each salt in a concentration of at least “about 0.1 M.”   

  And during prosecution, Amgen 

disclaimed a prior art concentration of 0.04 M, 

 

  

3. The salt concentrations used in the “elution” step of Coherus’s accused process is 

irrelevant to infringement.  In the claimed process, the salt pair must increase the amount of pro-

tein that can be loaded onto the chromatography column without being washed away “before elu-

tion.”  Any salts used in the elution step therefore cannot bear on infringement—as the claims, 

the specification, and the prosecution history all make clear.  

4. This case’s distinctive posture makes dismissal appropriate even at this early 

stage.  As the BPCIA envisions, Coherus has supplied Amgen with its full aBLA, and the parties 

have exchanged detailed infringement and invalidity contentions—all before Amgen commenced 

this litigation.  The accused process is, by definition, the one described in the aBLA, and no 

amount of additional detail concerning that process could be material to the question of in-

fringement.  Nor could the claims plausibly be construed in any manner that encompasses the 

accused process.  These circumstances warrant immediate dismissal.   

IV. FACTUAL BACKGROUND 

The BPCIA provides a streamlined process for an applicant (here, Coherus) to obtain 

FDA approval to market a “biosimilar” drug product—i.e., one that is “highly similar” to an al-

ready-approved biologic product, known as the “reference product.”  See 42 U.S.C. § 262(i), (k).  

In August 2016, Coherus filed an abbreviated Biologic License Application (“aBLA”) seeking 

authorization to market a biosimilar of Amgen’s pegfilgrastim product, Neulasta.  Compl. ¶ 10.  
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The BPCIA establishes a patent dispute resolution regime that requires the parties to ex-

change a significant amount of technical information and litigation contentions prior to district 

court proceedings.  See 42 U.S.C. § 262(l).  Here, Coherus provided Amgen with its entire 

aBLA, which details the product that Coherus plans to market and the manufacturing process 

that Coherus plans to use.  See id. § 262(l)(2)(A); Compl. ¶¶ 12-13.  After Amgen identified the 

patents for which it believed infringement “could reasonably be asserted” against Coherus, the 

parties exchanged detailed infringement and validity contentions, with Coherus’s running to 

nearly 500 pages of narrative and claim charts.  42 U.S.C. § 262(l)(3)(A)-(C); Compl. ¶ 36.  Ul-

timately, because the BPCIA treats the filing of an aBLA as an artificial act of patent infringe-

ment, see 25 U.S.C. § 271(e)(2)(C)(i), Amgen sued Coherus in this Court, alleging that Co-

herus’s process for manufacturing its pegfilgrastim biosimilar infringes the ’707 patent.   

A. The ’707 Patent 

Biologic drug products, such as those at issue here, are made by producing therapeutic 

proteins inside living cells.  Those proteins must then be separated from the cell debris and other 

impurities, a multi-step process known as protein purification.  ’707 Patent at 1:19-35. 

One technique used in protein purification is column chromatography.  See id. at 1:36-51, 

3:53-54 (describing hydrophobic interaction chromatography (“HIC”), which is a form of col-

umn chromatography).  In column chromatography, a column filled with solid particles, called 

the resin or the “matrix,” has a solution containing the desired protein and the impurities poured 

onto it.  Id. at 1:36-45.  With an appropriate selection of matrix material and loading solution, the 

desired protein’s chemical properties cause it to adhere to the matrix as the solution flows 

through the column.  Id. at 1:40-45, 3:53-61.  This step is referred to as “loading the mixture” 

onto the column.  Id.; see also 15:12-13.  Then, any unbound impurities remaining in the column 

are flushed (or “washed”) away by pouring more solution through the column.  Id. at 4:27-29.  
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Finally, molecules of the desired protein remaining on the matrix are detached (or “eluted”) by 

pouring a different solution (one that disrupts the interactions between the protein and the ma-

trix) through the column.  Id. at 1:45-49.  The solution flowing off the column in this final “elu-

tion” step contains the desired protein, but with far fewer impurities than the solution initially 

loaded onto the column.   

Sometimes, there is too much of the desired protein for all of it to stick to the matrix 

when loaded.  As a result, significant amounts of the protein can be washed away with the impu-

rities, and lost before elution begins—a problem known as “breakthrough.”  Id. at 3:37-41.  The 

’707 patent is directed at increasing “the amount of protein that can be loaded onto a column 

without ‘breakthrough’ or loss of protein to the solution phase before elution.”  Id.  The patent 

refers to this amount as the column’s “dynamic capacity.”  Id. at 4:10-14.   

Amgen’s claimed invention purports to increase the column’s dynamic capacity by using 

a pair of salts in the loading solution (which the patent calls the “loading buffer” or “equilibrium 

buffer”).  ’707 Patent at 4:24; see id. at 2:39-42 (“The two salt buffers of the present invention 

result in an increase in dynamic capacity of an HIC column for a particular protein . . . .”).  The 

patent explains: “The present invention is a process for purifying a protein comprising mixing a 

protein preparation with a buffered salt solution containing a first salt and a second salt, wherein 

each salt has a different lyotrophic value, and loading the protein salt mixture onto an HIC col-

umn.”  Id. at 4:56-60.   

During prosecution, Amgen made clear that increasing a column’s dynamic capacity was 

what saved the claimed invention from being ruled unpatentable in light of prior art.  Responding 

to an office action, Amgen argued that the prior art did not “disclose each and every element of 

the claimed method.”  Ex. 1, August 22, 2011 Response to Office Action at 5.  Amgen elaborat-
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ed: “Applicants strenuously disagree with the Patent Office's conclusion and submit that the Pa-

tent Office’s argument again overlooks two elements of the claimed method—the use of a com-

bination of salts in the HIC operation, and the enhancement of the dynamic capacity of a HIC 

column imparted by applicants’ method.”  Id. (emphasis in original); see ’707 Patent at 3:38-41 

(defining “dynamic capacity” as “the amount of protein that can be loaded onto a column with-

out ‘breakthrough’ or loss of protein to the solution phase before elution”).   

Amgen also left no doubt that its claimed invention was limited to processes using par-

ticular salt pairs in loading.  The examiner rejected the claims as obvious in view of U.S. Patent 

No. 5,231,178 to Holtz, which disclosed using salts including “sodium sulfate, potassium sulfate, 

ammonium sulfate, potassium phosphate, sodium acetate, ammonium acetate, sodium chloride, 

sodium citrate and the like.”  See Ex. 2, Oct. 13, 2010 Office Action at 4.  In response, Amgen 

argued that “[n]o combinations of salts is taught or suggested in the Holtz et al. patent, nor is the 

particular combinations of salts recited in the pending claims taught or suggested in this refer-

ence.” Ex. 3, Jan. 26, 2011 Response to Office Action at 5 (emphasis in original). Amgen also 

submitted an inventor declaration that discussed the advantages of three particular salt pairs: 

“sulfate/citrate,” “sulfate/acetate,” and “acetate/citrate.”  The declaration stated that “[u]se of this 

particular combination of salts greatly improves the cost-effectiveness of commercial manufac-

turing.” Id. at 6-7; Ex. 4, Jan. 20, 2011 Dec’l of Anna Senczuk ¶ 4, (emphasis added).  

Amgen also made clear, in prosecution of the ’707 patent’s parent, that the respective 

concentrations of the two salts mattered.  As relevant here, the parent application included claims 

that set “about 0.1 M” as the lower limit of the concentration of each salt.  Ex. 5, U.S. Applica-

tion No. 10/895,581, Nov. 16, 2007 Response to Office Action and Amendment at 3.  The Exam-

iner rejected the claims as anticipated over prior art that used acetate and phosphate salts at a 
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concentration of 40 mM, or 0.04 M.  Ex. 6, U.S. Application No. 10/895,581, Feb. 14, 2008 Of-

fice Action at 2-3; Ex. 7, U.S. Application No. 10/895,581, July 14, 2008, Response to Office 

Action and Amendment at 6.  In response, Amgen argued that the concentration of 0.04 M was 

lower than “about 0.1 M.”  Amgen explained: 

The precipitated protein is then resuspended . . . in a solution of 16% saturated 
ammonium sulfate, 40 mM sodium acetate, 40 mM sodium phosphate, pH 4.5, 
and 0.4M NaCl, and this solution is then loaded onto the HIC column . . . . Again 
Holtz et al. . . . does not teach or suggest combining the protein to be purified with 
the particular combination of two salts, citrate and phosphate salts at concentra-
tions of between about 0.1 M and 1.0M before loading the protein on the HIC 
column. Instead, a protein solution containing lower concentrations of sodium ac-
etate and sodium phosphate, together with NaCl and a high concentration of am-
monium sulfate (four salts, not a combination of two salts as recited in the 
claimed method), is loaded onto the HIC column. 
 

Ex. 7 at 6. (Emphasis in original).  Thus, to avoid a prior art reference, Amgen argued that 40 

mM, or 0.04 M, was a “lower concentration[]” than “about 0.1 M”—the language demarcating 

the lower bound of the required salt concentration.  Id.  The parent claims issued with that lan-

guage.  See Ex. 8, U.S. Patent No. 7,781,395.   

The patent-in-suit, meanwhile, ultimately issued with thirteen claims, of which claims 1 

and 10 are the only independent claims.  Claim 1 reads as follows:    

A process for purifying a protein on a hydrophobic interaction chromatography 
column such that the dynamic capacity of the column is increased for the protein 
comprising mixing a preparation containing the protein with a combination of a 
first salt and a second salt, loading the mixture onto a hydrophobic interaction 
chromatography column, and eluting the protein, wherein the first and second 
salts are selected from the group consisting of citrate and sulfate, citrate and ace-
tate, and sulfate and acetate, respectively, and wherein the concentration of each 
of the first salt and the second salt in the mixture is between about 0.1 M and 
about 1.0. 

 
’707 Patent at 15:8-18 (emphasis added).  Claim 10 reads as follows:   

A method of increasing the dynamic capacity of a hydrophobic interaction chro-
matography column for a protein, comprising mixing a preparation containing the 
protein with a combination of a first salt and a second salt, and loading the mix-
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ture onto a hydrophobic interaction chromatography column, wherein the first and 
second salts are selected from the group consisting of citrate and sulfate, citrate 
and acetate and sulfate and acetate, respectively, and wherein the concentration 
of each of the first and second salts in the mixture is between about 0.1 M and 
about 1.0 M. 
 

Id. at 16:9-18 (emphasis added).  All other claims depend from claims 1 and 10.  Thus, every 

claim in the ’707 patent requires the use of pairs of salts—in the loading solution—chosen from 

among citrate, acetate, or sulfate.  Moreover, every claim requires that each salt be present at a 

concentration of “between about 0.1 M and about 1.0 M.” 

B. Coherus’ Manufacturing Process  
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V. ARGUMENT 

This Court should dismiss this case at the pleading stage because it does not state a plau-

sible claim of infringement.  Taking into account the prosecution history and Coherus’s aBLA—

both of which the Court can consider in deciding this motion—Coherus’s accused process does 

not infringe as a matter of law. 

A. Governing Law 

To withstand a motion to dismiss under Rule 12(b)(6), a complaint must contain “enough 

facts to state a claim to relief that is plausible on its face.”  Bell Atl. Corp. v. Twombly, 550 U.S. 

544, 570 (2007).  This standard “demands more than an unadorned, the-defendant-unlawfully-

harmed-me accusation” or “[t]hreadbare recitals of the elements of a cause of action, supported 

by mere conclusory statements.”  Ashcroft v. Iqbal, 556 U.S. 662, 678 (2009) (quoting Twombly, 

550 U.S. at 555).  Rather, to survive a motion to dismiss, a complaint must contain enough factu-

al “heft” to “nudge” claims “across the line from conceivable to plausible” in showing that the 

plaintiff “is entitled to relief.”  Twombly, 550 U.S. at 557, 570 (internal quotation marks omit-

ted).  Both the Federal Circuit and this Court have applied these standards to dismiss infringe-

ment complaints.  See, e.g., AstraZeneca Pharms. LP v. Apotex Corp., 669 F.3d 1370, 1381 (Fed. 

Cir. 2012); Cumberland Pharmaceuticals Inc. v. Sagent Agila LLC, No. 12-825, 2013 WL 

5913742 (D. Del. Nov. 1, 2013) (Stark, J.); Cumberland Pharmaceuticals Inc. v. InnoPharma, 

Inc., No. 12-618, 2013 WL 5945794 (D. Del. Nov. 1, 2013) (Stark, J.).  
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Importantly, a court ruling on a Rule 12(b)(6) motion may consider not just the complaint 

itself, but also documents integral thereto.  See, e.g., AstraZeneca, 669 F.3d at 1378 n.5; In re 

Burlington Coat Factory Sec. Litig., 114 F.3d 1410, 1426 (3d Cir. 1997).  Thus, when those doc-

uments establish facts that negate the plaintiff’s claim for relief, a Rule 12(b)(6) motion may be 

granted on that basis.  See, e.g., Cumberland Pharms., 2013 WL 5913742.  Here, this rule means 

that the Court may consider the contents of Coherus’s aBLA, which forms the basis for the com-

plaint’s accusations of infringement. See Compl. ¶¶ 46, 56, 62, 68.  The Federal Circuit has 

reached the same conclusion in the parallel setting of Hatch-Waxman Act litigation, where the 

filing of an Abbreviated New Drug Application (“ANDA”) provides the predicate for a patent 

infringement lawsuit.  See AstraZeneca, 669 F.3d at 1378 n.5.  Reasoning that “the district court 

was entitled to examine documents integral to or explicitly relied upon in the complaint in evalu-

ating [the] motions to dismiss,” the Federal Circuit concluded: “[The] complaints referenced and 

relied upon Appellees’ FDA filings, and the parties do not dispute the authenticity of the docu-

ments that were before the court.  We therefore see no error in the district court’s decision to 

consider these documents.”  Id.  

A court ruling on a Rule 12(b)(6) motion may also consider the prosecution history of the 

patent-in-suit.  See Genetic Techs. Ltd. v. Bristol-Myers Squibb Co., 72 F. Supp. 3d 521, 526 (D. 

Del. 2014) (Stark, J.) (court deciding motion “may . . . take judicial notice of the prosecution his-

tories, which are ‘public records’”); Int’l Business Machines Corp. v. Priceline Group Inc., No. 

15-137-LPS-CJB, 2016 WL 626495, *20 n.18 (Feb. 16, 2016); Quest Integrity USA, LLC v. 

Clean Harbors Indus. Servs., Inc., Nos. 14-1482-SLR, 14-1483-SLR, 2015 WL 4477700, *1 n.4 

(D. Del. Jul. 22, 2015) (prosecution history “is a public document that the court may rely upon in 

deciding this motion to dismiss”).  
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B. The Complaint Fails To State A Claim For Infringement.  

The ’707 patent is directed to purifying a protein with chromatography using a HIC col-

umn.  The asserted claims require mixing together “a preparation containing the protein” (here, 

filgrastim) “with a combination of a first salt and a second salt,” and then loading this mixture 

onto the column.  The first and second salts are “selected from the group consisting of citrate and 

sulfate, citrate and acetate, and sulfate and acetate, respectively,” and each salt in the pair must 

be present at a concentration of at least “about 0.1 M.” 

As explained above, Amgen accuses Coherus’s  of in-

fringement.  For that process to infringe, Coherus must load a protein solution containing one of 

the listed pairs of salts (as well as filgrastim) onto the chromatography column, and each salt 

must be present in a concentration of at least “about 0.1 M.”  But the aBLA makes clear that  

 

  Therefore, Coherus’ accused process cannot in-

fringe the ’707 patent. 

1. Coherus’ Process Does Not Use Any Of The Required Salt Pairs. 

Coherus’ process cannot literally infringe because  

is not “selected from the group consisting of citrate and sulfate, citrate and acetate, and sulfate 

and acetate”—a limitation of both asserted independent claims.  ’707 Patent at 15:14-16; id. at 

16:14-16.  Instead, Coherus uses  

.  For that reason alone, Coherus’s process cannot literally infringe any asserted claim.  And 

indeed, Amgen’s complaint does not even contend that any of these salt pairs is used.  Instead, it 

alleges only that Coherus uses a salt pair that “is equivalent of one or more of the recited salt 
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pairs.”  Compl. ¶ 50 (emphasis added).  Consequently, Amgen’s case is limited to infringement 

under the doctrine of equivalents.   

As a matter of law, Amgen cannot make out a doctrine-of-equivalents claim with respect 

to the salt pair that Coherus uses.  That is because during prosecution of the ’707 patent, Amgen 

distinguished prior art—and overcame the examiner’s rejection—on the ground that the prior art 

did not teach or suggest the particular combinations of salts recited in the claims.  The Holtz pa-

tent, Amgen explained, did not teach or suggest these combinations.  At the same time, Amgen 

submitted a declaration that specifically touted the advantages of these three specific pairs, and 

no others.  See supra. 

Having saved its claims by highlighting the use of specific salt pairs, Amgen cannot now 

expand its patent coverage by saying that its claims equivalently cover processes with other salt 

pairs.  The doctrine of prosecution history estoppel prevents this result by barring Amgen from 

asserting a range of equivalents that includes subject matter surrendered during prosecution.  See, 

e.g., Trading Techs. Int’l, Inc. v. Open E Cry, LLC, 728 F.3d 1309, 1323 (Fed. Cir. 2013); Texas 

Instruments, Inc. v. United States ITC, 988 F.2d 1165, 1174-75 (Fed. Cir. 1993) (“By expressly 

stating that claim 12 was patentable because of the opposite-side gating limitation, particularly in 

light of their previous admission that same-side gating was known in the art, the inventors un-

mistakably excluded the same-side gating as an equivalent.”); Conoco, Inc. v. Energy & Envt’l 

Int’l, LC, 460 F.3d 1349, 1363 (Fed. Cir. 2006) (explaining that prosecution history estoppel can 

arise either through an amendment to the claim or through argument to the examiner); see also 

Festo Corp. v. Shoketsu Kinzoku Kogyo Kabushiki Co., 535 U.S. 722 (2002). 

Resort to the doctrine of equivalents is barred for a further reason, too—namely, the ded-

ication-disclosure rule.  Under that rule, when a patentee “discloses but declines to claim subject 
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matter,” it necessarily “dedicates that unclaimed subject matter to the public” and places it be-

yond the reach of the doctrine of equivalents.  Johnson & Johnston Assoc., Inc. v. R.E. Service 

Co., 285 F.3d 1046, 1055-56 (Fed. Cir. 2002).   

 

 

 

  

2. Coherus’ Process Does Not 
 

Even if Coherus’s  were somehow deemed sufficient to satisfy the salt-

pair limitation of the claims, there still can be no infringement because, in the Coherus process, 

the salts are not loaded in the proper concentrations.  The claims require that the concentration of 

each of the loading mixture’s two salts “is between about 0.1 M and about 1.0 M.”  ’707 Patent 

at 15:18; id. at 16:18.  Thus, the minimum concentration required for infringement is “about 0.1 

M.”   

 

No plausible construction of “about 0.1 M” could stretch the minimum concentration to 

encompass   Still, there is no need to determine exactly how much flex-

ibility “about” provides—because Amgen surrendered any claim to processes that use salt con-

centrations as low as Coherus’s.  As explained above, the parent application of the ’707 patent 

used claim language that set “about 0.1 M” as the lower limit of each salt’s concentration in the 

loading mixture. Ex. 10, U.S. Application No. 10/895,581, April 13, 2007, Response to Re-

striction Requirement at 3.  The Examiner rejected the claims as anticipated by prior art that used 
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acetate and phosphate salts at a concentration of 0.04 M.  Ex. 7 at 6.  Amgen overcame this re-

jection by arguing that the prior art’s concentration—0.04 M, 

—was below the claimed range of “about 0.1 M to about 1.0 M.”  

Id. at 6.  

By arguing that a concentration of 0.04 M was below the range of “about 0.1 M to about 

1.0 M,” Amgen necessarily disclaimed processes using even lower concentrations.  When an ap-

plicant secures a patent by arguing that the claims do not encompass certain subject matter, it 

cannot later assert the contrary.  See, e.g., Chimie v. PPG Indus., 402 F.3d 1371, 1384 (Fed. Cir. 

2005).  Here, because Amgen secured its patent by arguing that 0.04 M was below “about 0.1 

M,” it has disclaimed any argument that even lower concentrations literally infringe. 

The fact that Amgen made this argument in prosecuting the parent of the ’707 patent—

rather than the ’707 patent itself—does not undermine this conclusion.  It is well-settled that 

“prosecution disclaimer may arise from disavowals made during the prosecution of ancestor pa-

tent applications.” Ormco Corp. v. Align Tech., Inc., 498 F.3d 1307, 1314 (Fed. Cir. 2007) (quot-

ing Omega Eng'g, Inc. v. Raytek Corp., 334 F.3d 1314, 1333 (Fed. Cir. 2003)).  The question is 

whether the statements from the prosecution “relat[e] to the same subject matter as the claim 

language at issue in the patent being construed.”  Id.  Here, the statements do not just relate to the 

same subject matter—the claim language at issue in prosecution is identical to the language of 

the ’707 patent’s claims.3 

                                                 
3 See, e.g., Ex. 7 at 3 (claim for “A process for purifying a protein on a hydrophobic interaction 

chromatography column comprising mixing a preparation containing the protein with a combination of a 
first salt and a second salt, loading the mixture onto a hydrophobic interaction chromatography column, 
and eluting the protein, where the first and second salts are citrate and phosphate salts, and wherein the 
concentration of each of the first salt and the second salt in the mixture is between about 0.1 M and about 
1.0 [M]” (emphasis added)); id. at 4 (claim for “A method of increasing the dynamic capacity of a hydro-
phobic interaction chromatography column for a particular protein, comprising mixing a preparation con-
taining the protein with a combination of a first salt and a second salt, and loading the mixture onto a hy-
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Nor can Amgen resort to the doctrine of equivalents and argue  

 “is equivalent to a concentration within the claimed range.”  D.I. 1, ¶ 

50.  For one thing, Amgen’s arguments during prosecution (described immediately above) estop 

it from arguing that concentrations below 0.04 M are equivalent to the claimed lower limit of 

“about 0.1 M,” no less than they bar Amgen from claiming literal infringement.  See, e.g., Trad-

ing Techs., 728 F.3d at 1323; Festo, 535 U.S. at 734.   

3. Coherus’ Elution Buffer Is Irrelevant To Infringement.   

 

 

 

 

 

  

   

First, the salt in the elution buffer is irrelevant because all of the claims require that the 

two-salt process increase the “dynamic capacity” of the column.  That language is present in the 

claims themselves.  See ’707 Patent at 15:9-10 (process “such that the dynamic capacity of the 

column is increased”); Id. at 16:9 (“method of increasing the dynamic capacity”).  In addition, 

and as explained above, Amgen distinguished prior art during prosecution for not providing any 

increase in dynamic capacity.  See supra.   

 

                                                                                                                                                             
drophobic chromatography column, wherein the first and second salts are citrate and phosphate salts, and 
wherein the concentration of each of the first and second salts in the mixture is between  about 0.1 M and 
about 1.0 M” (emphasis added)).  
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Dynamic capacity, the patent makes clear, is an attribute that the column must possess 

before elution. The specification defines “dynamic capacity” as “the amount of protein that can 

be loaded onto a column without ‘breakthrough’ or loss of protein to the solution phase before 

elution.” ’707 Patent at 3:37-41 (emphasis added).  As a logical matter, salts added as part of the 

elution buffer cannot decrease the amount of protein lost before the elution step, and hence can 

have no impact on the column’s dynamic capacity.  Rather, to accomplish the required increase 

in dynamic capacity, the salt pairs recited by claims 1 and 10 must be present in the column in 

the correct concentrations before elution begins. 

Second, the salt in the elution buffer is irrelevant because—consistent with the require-

ment to increase dynamic capacity—the claims list the mixing step before the step in which the 

protein is loaded.  Claim 1 states that the process comprises “mixing a preparation containing the 

protein with a combination of a first salt and a second salt, loading the mixture onto a hydropho-

bic interaction chromatography column, and eluting the protein.”  ’707 Patent at 15:11-14 (em-

phasis added).  Similarly, Claim 10 states that the process comprises “mixing a preparation con-

taining the protein with a combination of a first salt and a second salt, and loading the mixture 

onto a hydrophobic interaction chromatography column.”  Id. at 16:11-14 (emphasis added).  In 

each instance, the salt pair must be mixed with the protein preparation before the mixture is 

loaded onto the column.4  It would make no sense, therefore, to treat salts added during elution—

                                                 
4 Consistent with this common-sense understanding, the complaint alleges that “the Coherus mix-

ture containing protein and dual salts is loaded onto a hydrophobic interaction chromatography column.”  
Compl. ¶ 50. 
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after the protein has already been mixed and loaded, and bound to the column—as satisfying the 

salt pair limitation.    

Third, Amgen cannot overcome these problems by resorting to the doctrine of equiva-

lents.  For one thing, as noted above, any salt present in the elution buffer necessarily cannot per-

form the function of the salts in Amgen’s claimed invention—namely, to increase the column’s 

dynamic capacity—because the protein has already been loaded and bound onto the column.  

See, e.g., Akzo Nobel Coatings, Inc. v. Dow Chem. Co. 811 F.3d 1334, 1341-1342 (Fed. Cir. 

2016) (equivalent element must “perform[] the same function in substantially the same way to 

reach the same result” (emphasis added)).  Indeed, the patent defines dynamic capacity as the 

amount of the desired protein that can be introduced into the column without washing away be-

fore elution begins.  For another thing, prosecution history estoppel (which is a question of law) 

bars Amgen from treating the salt concentration in Coherus’s elution buffer as equivalent to the 

salt concentration in the loading solution recited in the claims.  Amgen overcame the Examiner’s 

rejection by arguing that the invention increased dynamic capacity, whereas the prior art did not.  

See supra.  Amgen is therefore barred from contending that salt concentrations that cannot pos-

sibly increase dynamic capacity—such as any salt added during elution—infringe under the doc-

trine of equivalents. 

Finally, even if the elution salts could somehow be relevant,  

  Once again, the claims all require one of three listed salt pairs: acetate and sulfate, acetate 

and phosphate, or sulfate and phosphate.   

  

The absence of any listed pair means that Amgen cannot show literal infringement; for the rea-
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sons stated above, moreover, it cannot show infringement by equivalents either.  See supra § 

V.B.1.    

C. The Court Can Grant Coherus’s Motion Now.  
 
Amgen will likely maintain that the arguments herein are better suited to a later stage of 

the case.  Not so: Dismissal at this early stage is entirely appropriate, in view of the parties’ ex-

change of information and the clarity of the issues. 

First, this case comes to the Court in a different posture from the typical patent case, and 

even from the typical Hatch-Waxman case.  The BPCIA envisions that the parties will exchange 

a significant amount of information before any lawsuit is filed, including detailed infringement 

and invalidity contentions.  See 42 U.S.C. § 262(l).  The parties here have done just that—and, as 

a result, have considerably narrowed the issues for litigation.  See Compl. ¶ 36. 

Second, no amount of discovery could change Amgen’s (or the Court’s) understanding of 

the accused process in any way material to this motion.  Coherus’s aBLA describes the process 

in sufficient detail to establish, as a matter of law, that there can be no infringement.   

 

 

  And it is the aBLA that 

controls the infringement inquiry: that document is itself the predicate for Amgen’s infringement 

action, as well as the foundation for the parties’ exchange of detailed infringement contentions.  

See, e.g., 42 U.S.C. § 262(l)(3)(A)(i) (addressing possible infringement through the unlicensed 

“making, using, offering to sell, selling, or importing into the United States of the biological 

product that is the subject of the subsection (k) application” (emphasis added)); 25 U.S.C. §§ 

271(e)(2), 271(e)(2)(C)(i) (filing an aBLA “shall be an act of infringement”); Compl. ¶ 15 (“Co-
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herus committed an act of infringement with respect to the ’707 Patent under 35 U.S.C. § 

271(e)(2)(C)(i) when it submitted its aBLA for the purpose of obtaining FDA approval to engage 

in the commercial manufacture, use, or sale of the Coherus Pegfilgrastim Product.”).  Mean-

while, marketing of pegfilgrastim manufactured in a manner different from what the aBLA de-

scribes would be outside the scope of FDA approval sought by Coherus. And regardless of 

whether it would be lawful for Coherus to market pegfilgrastim made with a non-aBLA process, 

the complaint provides no reason to think that such an eventuality is more than hypothetical. 

Third, there is no need to wait for a formal process of claim construction.  No construc-

tion of the relevant claim terms could possibly encompass the process described in the aBLA.  

That much is clear not only from the claim language, but from Amgen’s arguments during prose-

cution—as described in detail above.  Waiting until a Markman ruling would merely saddle Co-

herus with the costs of defending against Amgen’s meritless infringement suit. 

VI. CONCLUSION 

For the foregoing reasons, the motion to dismiss should be granted. 

Dated: June 1, 2017     

OF COUNSEL: 
Bradford P. Lyerla 
Louis E. Fogel 
JENNER & BLOCK LLP 
353 N. Clark Street 
Chicago, IL 60654 
(312) 222-9350 
 

 
    /s/ Kenneth L. Dorsney                                    
Kenneth L. Dorsney (#3726) 
Richard K. Herrmann(#405) 
MORRIS JAMES LLP 
500 Delaware Avenue, Suite 1500 
Wilmington, DE 19801 
(302) 888-6800 
kdorsey@morrisjames.com 
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JN THI~ UNITEJ) STATES PATENT ANO TRADEMARK OFFICE 

In the AppHcation of: 
Anna Senczuk and R.alph Klinkc 

Group .. Art Unit: 1654 

Examiner: Teller. Roy H. 
Filed: June 23, 2010 

Confirmation No.; 5094 
For: PROCESS FOR PURI FYlNG PROTEINS 

Ad\lENUf\JENT AFTER FINAL RE.JECTION l.lNDER 37 CFR Ll 16 

1Vbi! Stop AF 
Comrnissioner for Patents 
P.(J Box 1450 
Alexandria, VA 22313~1450 

Sir: 

T'his paper is being fik'.d in response to the Office /\.ction dated April 7, 2011, having a 

term that expired on July 7. 201 l. ,An m.rthori:rntfon to chl:rrg.t: a t\vo trnmth extension tee to 

Deposit Account 0 ! ~0519 in the name of Amgen Inc. is endnsed here\vith .. 

Applicants respectfully request that the subject amendment bt~ enk~r,~d and tlrnt the 

outstanding rejections l:K~ reconsidered in light Qf the fo!h:Ywing arncndrncnts and remarks. 

Amcndmt.~nts to du.~ Claims are reflected in the listing of claims \Vhkh begins rm page 2 

of this paper. 

Remarks/Arguments begin on page 4 of this paper. 

CERTIFICATE OF EFSvWEB TRANSMISSION 
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Ptpp!n No, 12/822,072 
Reply lo Office Action of April 7, 201 ·1 

Remarks 

.L .............. SJ;JBgL~1J ... Ch~i1m~ 

Claims I -l 3 are currently pending in the application and lmvt~ been examim.~d. 

Claims 12 and 1 J \Vere objected to as: depending from ;.~ no1H .. ~xistcnt claim" 

Clairns 1-13 stand rejected under 35 U .S.C. § l03(a) as being unpatentublc -over !·foltz ct 

aLi US Patent No. 5)3 ! ~I 78, 

Claims 9 and I 1~!3 have h.~en ainended in the instant Response. The arnendrnents 

merely c<>rrect typographirnl errors and revise depeni:.:font.'.ies, and therefore do not incoq)orate 

anv ne\-v matter. ,. 

l L Response to thi:.:' Objection tftil:;ih.ns L2 m1Q.JJ. 

Tht'. Patent Office ol~jected to daims 12 and lJ as depending from a non-existent daim, 

claim 20. AppHcants have amended claims ! 2 and l 3 to depend from c!ain1 10. 

If L_~mJ)£dm:m11_,$er1£t!!k:.fiJJ~~~~!lu1tll~mJLn,~kr 3 5 U. s. C, § l 3 2 

Filed \Vith the Response offanumy_HL 2Ull 

Upon review of the record, it has cume to applicants' attention that Exhibit A of 
·r- 1 S' k' f) J · J ..... -L's···, ··1·~') ~1 · ··1 !' , •) i . .. ke. ~mrnt ,, cnczu ·· ·s . cc aratw.n tm<.icr ~') .:.-.. t, § j.;:_. ti e<.i \V!.tl appncants· h.cspotbC'. m 

January l 0, 20 I 1 appears lo have been inadvertently ornittcd frorn the submission, although the 

data contained in Exhibit A is referenced in paragraphs 3 and 4, As a t.:omponem of the instant 

Rt.'.Sponst.~, applicants resubmit Dcdarant Sencznk's Dedaratkm in 1ts entirt~ty Rnd n.~gret any 

contiision this inadvertent omiss:im1 rnay have ('.aUsed tht~ PaK~nt omce, 

IV. Response to the Rejection of Ch:1in)s l-~13 Under 35U.~,,C,'5103tl1 

The Pat,mt Office maintained its rejection of claims 1-!3 under 35 U.S.C § 103(a) as 

obvious over the single dted rcforenc1..~, Holtz ct aL~ US Patent No. 5,23L178 ('Tfohz ct aL·'), for 

the reasons presented in the previous Office Actimt The Patent Office again contends that l·fohz 

ct aL discloses a method for purifying insulin-like gn.)wlh horrnone vvherein ''rwior to cz)ntacting 

the eluate '>Vith the first hydrophobic interaction chron1atogrnphy .matdx., the initial eluate is 

butlered to a pH bet-..veeri 4.0-7 .0. Salts contcmp!att'.d f{Jr such use are thos\~ sHlts \vhkh improve 

4 
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the hydrophobk~ intcrm::tion of lGF- l and the hydrophobic interndfrm chronrntography matrix~ 

e.g,, sodium. sulfate, pNassium sulfate, mnmoniun1 su1fiitc, pot~l:>sium ph<>sphatc, S(Kiium acetate, 

an1n1oniu111 <Ketak, sodium. chloride, sodium citrate and tht:'. like, The salt contenJ \Vill faH in the 

mnges of about 02 up to 2.0 l'vt: with salt content of abotH HA up to ltvI being prelerred. '' ({.(!?ce 

Action, page 3. The Patent Offict~ again <:.:(mdudt,$ that ""H \VOtdd have bc(~n obvi<)US to one of 

ordinary skill in the art at the time the daimcd invention was made to purify a prntdn including 

an insulin~likc gro\vth hom1one via the instantly claimed steps based upon the nveral! beneficial 

teachings provided by the cited reforence,'' (:?{flee Acfion, page 3. The l\ltent Office app1..•ars w 

base its conclusion on its belief that "The adjustment of p<ffticu!ar \.VOrking conventional \vorking 

conditions (if not expressly taught) is deemed merely a nmttcr of judicious se.!ection and routine 

optimization which is \veil \vithin tht~ purvkw oftht.' skilled artisan:' q,(.llce Action, page 3-4. 

i\pplicants <:igl:lin twverse the rejection and submit the fri!kmring z:orn.mt~nts, 

IVA. flofiz el al, Dofs not Disclose Each and Evet)' Ehmnmt oltlw Claimed Aletfwd 

Applicants strenuously disagree v.dth the Patent Office's condu':'ion and submit that the 

Patent Office\; argument again overlooks l\vo demt:'.nts of the dnirned methnd ..... ~the us;;:~ of a 

combination of s~dts in a HJC opt~rathm, and the enhancement <V'ifw (f,vnamic capacizv (tf"a HIC 

column irnparted hy applicants' method. 

!V.A. l ffol!z er at Dofs nol Disclose a C'omhination f!{S'ahs 

Applicants previously argued that Holtz et aL does not teach 1..~ach and every dement of 

the daimed invention, na.tnel.y the use of a combination of salts in a IHC st~paration, and 

c.onsequenlly cannot render the dairned invention obvious. A..pplir.ants reiterate their position 

and auain urge that a readinu of lfolt.z et at indicah.~s that Huhz et aL merdv teaches a standard ;,;;,_.· ..... ..... .... 

step in HIC i;.:bronwtc>graphy~~adding a high concentration of ammonium sulfat<:~ t<) a low 

concentration of a buffer solution to prepare a prokin for a HIC column, Holtz et aL simply does 

not dis.close, suggest or contt~mplate any steps involving a combinatfon nf hVi) :>.alts for any 

purpose vvhatsoeveL 

ln this regard; applicants also submit thiit Hohz et al ,foes not even rnake reference a 

''single salt system. Applicants submit that this is due tz) the fai:.~t that until appfo.::ants" disck)surc 

highlighting a dual salt system the wry tem1 '"single salt syste.m" was redundant in th<::'. traditional 

s 
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HIC prot(\SS. lndeed, applicants selected the term ''dual ::;ah systcrn'· to diO:{:rentfate thdr 

disclosed method from the traditional (Holtz') HIC process. 

lVA. 2 !Jolt: et al. Does not Disclose Enhancing !he l~ww.mic Capacity 1".?la ff!(' C'o!umn 

Applicants again tH)te that, to the extent Holtz et aJ applied a sah in a HIC operation, it 

vvas a singk salt and it \Vas used in a traditional and wdl-t.~stab!ished capm:.dty, namely to alter 

the hydrophobk intt~ractions in a butlered siilH.:omaining solution so as to induce the target 

protein to associate \Vhh the !:UC column matrix. As the data provided. hy Dedan.mt Senczuk in 

her Declaration under 35 U.S.C. §132 demonstrates, the use a single satf. .... ·~ven a '•juc.fa.:.ious!y 

sdccte1r salt~~v~dll not. enhance the dynarnic capacity of a ff!C column. Holtz el aL did not, 

ho\vevcr. consider, recognize or solve the issue of 1:.~nhanc.ing the dynarnk C<)padty of the H!C 

i:.:ohmm matrix; applicants' method solves this prohkm ns demonstraH..'d hy the examples and as 

underscored by Dcdarnnt Sencrnk's Dcdaration.. Applican.ts suhrnit that. vvhik~ it may be 

argued that Holtz et al:s single salt metkxi is dTcctivc in enhancing adsorption of IFG-l to a 

BIC column inatrix in the context of a separafom, Holtz 1:.~t aL ·s 1nethod docs not d.iscfose the 

idea of enhancing the dynamic cap~H.:ity of the HIC cdunm, as recited in the pending dain1s. !n 

fact, applicants cannot identit)1 any point in the cited reterence at which the dynamic capacity of 

a f!lC column is mentiorK~d, fl(lf C~l!1 ~lpplic~mts find any disdosure of enlrnncing the dynumic 

capacity ofa HIC column. 

As stated in \.fPEP 2143.03, "Al! words in \:l claim m.ust be considered .in iud.v.11w. the . ... .._..:. \,,.:· 

pakntability of that claim against tht:'. prior art'' In re fVil.wm, 424 F.2d 1382, 13:85, l65 USPQ 

494, 496 (CCPA 1970). Since the cited rcforence fails to disclose (a) a combnation of salts or 

(b) any enhanN~ment of the dynamic capacity of ~1 HJC i:.:olumn, which ate n:.~chcd in applicants' 

pending t.:laims, Holtz 1:.~t at canni.)t render the pending claims obv1ous .. 

lVB. "Routine Optimization" Does not Lead to llw Claimed fnvemion 

The Patent Office is of the position that the leap from Holtz t:~t al. to ~ipplic~mts· claimed 

inventhm is men..~ly a matter of "adjustment of partkular c(mv,~ntional '\Vorking conditions'' and 

·'is deenu.~d merely a matter of judicious sdection and routine optimization \vhkh is well withiu 
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the purview of the skilkd artisan!' Office .Action" pages 3-4, Applicants resp(~cdblly submit this 

s\-veeping conchlsion is unsupported and ignores the lengthy dcvdoprnent path pn.~S(:~Htl~d in the 

Exarnp!es of the pending appl.ication. As the Exampk:s dearly demonstrate, arrivjng at the 

claimed .invention was a lengthy and irHkplh e);crcisi-~; it "\WIS nN men.~ly a nwtt.:_~r of ':j1.H.lki~)US 

selection and r(mtine optimization," Development of the C.'.fafrned method required tnaldng a 

detcn11inafam nf the optimum concentration rnngt-~ for the individual salt so!utizms by generating 

"salting out" or prt~ciphation c1.irves fhr each protein. A sccz)nd series of salting out cun'e::; \Vas 

subsequt::'.ntly generated for t\vo salt combinations in \Vhich the first salt ccmccntnnion \VHS kept 

constant and th.:,~ second saH conccntml1nn \Vas incre~l::>ed, In a second series of experinK~nts the 

second salt \Vas kept constant and the first sah varied. The dynamk \.0apadtics were determined 

fbr the salts a!cine at the previously t.k~tcnni.ned optin1um concentrations, and then for the 

\.::ombinations of salts ai the previously deH.~rmined nptfrnum concentrations, in order to 

determine what combinations of salts \Voukl intrc~b:c the dynamic capacity for the proteins on 

the rue column. Applicants submit this frKllSCd and time-C(msuming devdopm,~nt process 

represents ~l significantly m('r'~ in-depth development process than thl:• 'judicious selection and 

routine <)ptimizatinn'' urged by the Pat,'.nt Offi<X'.. 

Underscoring the above, applicants further submit that rm.~rely adding a sc<.xmd salt to the 

traditional JUC process, as the Patent Ofilce appears to suggest, \Vil! nut produce applicants' 

claimed method. !n fac1, merely adding u second salt to the tnKfaional HlC process \Viii not even 

provide a \vorking method: in this scenario the protein to be purified vdl! precipitate out of 

solution and it \VW not lx) possible to load the prNdn <.mto the HIC column. 

!V.C Ar~olicants ·Secondary .Eridence q(Non-abviousness 

Applicants also direct allcntion to se,'.<.mdary evidence of non-obviousness, The 

Declaration of Anna Scnczuk under 35 U.S.C § 132. which is of n.~czwd. /\s Dcc!anmt Senczuk 

states in paragraph 3 r1f her Declaration, she tested several single salts for their ability to enhance 

dynmnic breakthrough on a l·HC colmnn and subsequenUy tested scvl~ral pairs of salts for the 

same property. She observed that the coinbination of salts markedly enharn..:t~d dynamic 

breakthrough on the HIC colmnn, \Vhi!e the single salts perf{)rnwd n;,; expected. ln the case of 

the dual salt combination of sodimn sulfate and sodium citrate, this provided a 38(~ .. h increase in 

the dyn<.Hnic capacity of the column ovt.~r the single salt, sodium sulfri!e. As Dedarant Sem:zuk 

7 
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states in paragraph 4 of her Dedaration, this unexpected observation trnns!ates in a significant 

cost savings over using a singk'. salt as described by !fohz d aL namdy a cost savings of $1297 

whena sulfate/citrate or sulfate at~ctate combination is used instead of a single sulfate sah, 

$12972 \vhen a sulfate/acetate combination is used instead of a single acetate sah nnd $11675 

when an acetak/citrnte salt combination is used instead of a single ac.t•tak' salL Thus. the data 

provided by Dedarnnt Senczuk provides yet further ev.idence of norH)tWiousness, 11arndy the 

comm.erdal value of ernploying applicants' daimed method in a cornmercbl setting. •,cvhich is 

one of the Graham factors. 

Applicants respcctfl1!Iy submit that the sok cited reference, Holtz ct aL, cannot support 

the Patent Offo::e's rejection of clairns l-13 under 35 C 5J:'., § i 03(a) <~S obvifHJS .and rnspectful ly 

requesi that the rejection of dahn 1-13 under 35 U,S,C §l03(a) he reconsidered and \'VithdnnvrL 

\
,. 
" Conclusions 

Applicants submit that thl'. dahns are in c<mdhion for allmvarn.:1.~- Accordingly, applh:::t)nts 

n.~spectfl!Uy requc~st that the n.~iections of record be rewnsidered and \Vithdnm'11< and <) Nntkx~ or 
Alkwvance issued, 

If anv small matter remains <>utstandirn..t after the Examiner bas reviewed the <:imcndments 
~· ~ . . 

and remarks presenk~d herein, the Examiner is respectfully requested to h.~k'.phone the 

undersigned attorney at the telephone number provided bdow· t() n..~sdve any such matter, 
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Exhibit A 

Sulfate Acetate Sulfate 0.5M 
(0.5M) (l.2M) with 

Citrate 0.3M 
or 

Sulfate 0.5M 
with acetate 

1.0M 

Cycles 3 12 2 

Processing 10 32 7 
time 

$/Kg product 3,961 15,636 2,664 

Assumptions: 12 kL bioreactor, l.5g/L, 20 batches per year. 
Each saved cycle contributes to saving $470,000/year. 

Acetate Citrate 0.7M with 
0/6M with Sulfate 0.28M 

Citrate 0.5M 

2 2 

10 7 

3,961 2,664 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the Application of: 
Anna Senczuk and Ralph Klinke 

Serial No: 12/822,072 

Filed: June 23, 2010 

For: PROCESS FOR PURIFYING PROTEINS 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22131-1450 

Docket No.: 3470-US-DIV 

Group Art Unit: 1654 

Examiner: Teller, Roy R. 

Confirmation No.: 5094 

RESPONSE TO OFFICE ACTION 

Sir: 

This paper, and the accompanying Declaration under 37 C.F.R. §1.132 is 

being filed in response to the Office Action dated October 13, 20 I 0, having a term 

that expired on January 13, 2011. An authorization to charge any extension fee to 

Deposit Account 01-0519 in the name of Amgen Inc., is enclosed herewith. 

Applicants respectfully request that the subject amendment be entered and that 

the outstanding rejections be reconsidered in light of the following amendments and 

remarks. 

Pending Claims begin on page 2 of this paper. 

Remarks and arguments begin on page 4 of this paper. 

CERTIFICATE OF EFS-WEB TRANSMISSION 
I hereby certify that this paper (along with any paper referred to as being attached or 
enclosed) is being transmitted electronically through EFS-WEB to the Commissioner 
for Patents, P.O. Box 1450 Alexandria, VA 22313-1450, on the date appearing 
below. 

Date Namer-

January 26, 2011 
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What is claimed is: 

I. (Original) 

PENDING CLAIMS 

A process for purifying a protein on a hydrophobic 

interaction chromatography column such that the dynamic capacity of the column is 

increased for the protein comprising mixing a preparation containing the protein with 

a combination of a first salt and a second salt, loading the mixture onto a hydrophobic 

interaction chromatography column, and eluting the protein, wherein the first and 

second salts are selected from the group consisting of citrate and sulfate, citrate and 

acetate, and sulfate and acetate, and wherein the concentration of each of the first salt 

and the second salt in the mixture is between about 0.1 M and about 1.0. 

2. (Original) The process of claim 1 wherein the pH of the mixture 

loaded onto the column is between about pH 5 and about pH 7. 

3. (Original) The process of claim I wherein the column is eluted 

with a solution having a pH between about pH 5 and pH 7. 

4. (Original) The process of claim 1 wherein the first and second 

salts are selected from the group consisting of sodium, potassium and ammonium 

salts. 

5. (Original) The process of claim 1 wherein the protein is a fusion 

protein or an antibody. 

6. (Original) The process of claim 1, further comprising diluting the 

protein. 

7. (Original) The process of claim 1, further comprising filtering the 

protein. 

8. (Original) The process of claim I, further comprising formulating 

the protein. 
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9. (Original) 

the protein. 

IO. (Original) 

The process of claim 1, further comprising lyopholizing 

A method of increasing the dynamic capacity of a 

hydrophobic interaction chromatography column for a protein, comprising mixing a 

preparation containing the protein with a combination of a first salt and a second salt, 

and loading the mixture onto a hydrophobic interaction chromatography column, 

wherein the first and second salts are selected from the group consisting of citrate and 

sulfate, citrate and acetate and sulfate and acetate, and wherein the concentration of 

each of the first and second salts in the mixture is between about 0. lM and about 1.0 

M. 

11. (Original) The process of claim I 0 wherein the pH of the mixture 

loaded onto the column is between about pH 5 and about pH 7. 

12. (Original) The process of claim 20, wherein the citrate and 

phosphate salts are selected from the group consisting of sodium, potassium and 

ammonium salts. 

13. (Original) The process of claim 20 wherein the protein is a fusion 

protein or an antibody. 
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REMARKS 

I. Status of Claims 

Claims 1-13 are currently pending in the application and have been examined. 

Claims 1-13 stand rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1-13 of U.S. Patent No. 

7,781,395. 

Claims 1-13 stand rejected under 35 U.S.C. §103(a) as being unpatentable 

over Holtz et al., US Patent No. 5,231,178. 

No claims have been amended in the instant Response. 

II. Response Claim Rejections Under Obviousness-type Double Patenting 

Claims 1-13 were rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1-13 of U.S. Patent No. 

7,781,395. The Patent Office states "[a]lthough the conflicting claims are not 

identical, they are not patentably distinct from each other because the instant claims 

are drawn to a process for purifying a protein on a hydrophobic interaction 

chromatography column such that the dynamic capacity of the column is increased for 

the protein, wherein the first and second salts in combination with the protein are 

selected from the group consisting of sodium, potassium and ammonium salts. The 

'395 claims are drawn to a process for purifying a protein on a hydrophobic 

interaction chromatography column such that the dynamic capacity of the column is 

increased for the protein, wherein the first and second salts in combination with the 

protein are selected from the group consisting of sodium, potassium and ammonium 

salts." Office Action, page 3. Applicants traverse the rejection and submit the 

following comments. 

Applicants refer to the voicemail provided by Examiner Teller to applicants' 

attorney on January 26, 2011. In his voicemail, Examiner Teller stated that, upon 

further review of the outstanding Office Action, he is withdrawing the rejection of 

claims 1-13 as unpatentable over claims 1-13 of U.S. Patent No. 7,781,395. Examiner 

Teller indicated that he will send an Interview Summary to this effect. 
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Applicants thank Examiner Teller for his voicemail and for his withdrawal of 

the Obviousness-type Double Patenting rejection. As this rejection is now moot, 

applicants do not address it in the instant response. 

III. Response to Claim Rejections Under 35 U .S.C. § I 03(a) 

Claims 1-13 have been rejected under 35 U.S.C. §103(a) as allegedly prima 

facie obvious over the single reference of U.S. Patent 5,231, 178 to Holtz et al. 

Applicants traverse the rejection and submit the following comments. 

It is the Patent Office's position that the claimed subject matter is obvious 

over the disclosure in the Holtz et al., in particular, columns 11-13, 26-27 and 32. 

The Patent Office states that Hotz et al. discloses the use of a number of salts between 

0.2 M and 2.0M concentration, preferably between 0.4 and I M concentration, 

including sodium sulfate, potassium sulfate, ammonium sulfate, potassium phosphate, 

sodium acetate, ammonium acetate, sodium chloride, sodium citrate and the like on a 

hydrophobic interaction chromatography (HIC) matrix. It is the Patent Office's 

position that it would have been obvious to one of ordinary skill in the art to purify a 

protein including IGF-1 based on the cited reference, and that "the adjustment of 

particular conventional working conditions (if not expressly taught) is deemed merely 

a matter of judicious selection and routine optimization which is well within the 

purview of the skilled artisan." (page 3 of Office Action). Applicants do not agree. 

Applicants submit that a prima facie case of obviousness has not been made. 

Applicants point out that the pending claims recite a particular combination of salts. 

No combinations of salts is taught nor suggested in the Holtz et al. patent, nor is the 

particular combinations of salts recited in the pending claims taught nor suggested in 

this reference. Applicants point out that the patent to Holtz et al. is directed to "a 

method for recovery and purification of intact, correctly-folded, monomeric insulin­

like growth factor- I peptide" (Abstract of the patent), that is, this patent is directed to 

optimizing a purification scheme for a particular protein. The claimed subject matter 

is directed to use of combinations of salts that increase the dynamic capacity of the 

hydrophobic interaction chromatography columns. There is no description or 

suggestion in Holtz et al. for the use of any combination of salts to increase the 

dynamic capacity of a HIC. Applicants point out that optimizing a purification 

scheme for a particular protein is not the same as increasing dynamic capacity of HIC. 
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To that point, applicants provide the attached Declaration of Anna Senczuk under 37 

C.F.R. § 1.132. As stated in paragraph 2 of that Declaration, the use of dual salts to 

increase dynamic capacity was not previously known based on "any information on 

HIC available from the scientific literature or other sources at the time" of the 

invention, and "it was not know that salt combinations had anything to do with 

improving dynamic capacity of a HIC." As pointed out in paragraph 4 of the 

Declaration, "The improvement resulting from the use of dual salts in HIC goes 

beyond merely optimizing a column to best suit a particular protein. Use of this 

particular combination of salts greatly improves the cost-effectiveness of commercial 

manufacturing by reducing the number of cycles required for each harvest and 

reducing the processing time for each harvest." 

The United States Supreme Court, in its decision in KSR v. Teleflex, 550 U.S. 

398 (2007), reaffirmed that a proper determination of obviousness requires an 

objective analysis of the factors set forth in Graham v. Deere, which include: 

1) the scope and content of the prior art; 

2) the differences between the prior art and the claims; 

3) the level of ordinary skill in the pertinent art resolved, and 

4) secondary evidence of non-obviousness, such as commercial success, long 

felt but unsolved needs, failure of others, etc., 

The court further explained that the analysis of obviousness should focus on 

whether the combination [of elements] giving rise to the improvement is "more than 

the predictable use of prior art elements according to their established functions." Id 

at 13. Thus, "[a] patent composed of several elements is not proved obvious merely 

by demonstrating that each of its elements was, independently, known in the prior 

art." Id at 14. There must, in addition, be some technical or logical basis for asserting 

that the advantages of the combination would have been predictable. Again, there is 

no suggestion in Holtz et al. that any particular combinations of salts would have the 

result demonstrated in the instant application of increasing dynamic capacity of a 

HIC. There is no mention in Holtz et al. of any connection at all between dynamic 

capacity and combinations of salts. 

Further, the Declaration of Anna Senczuk under 37 C.F.R. § 1.132 and the 

accompanying Exhibit A also provide secondary evidence of non-obviousness, that is, 
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the advantages of the use of the dual salts as claimed in a commercial setting. The 

calculations presented demonstrate that the use of dual salts in HIC result in an 

increase in cost-effectiveness of purifying an IgG2 antibody in a commercial setting. 

This provides evidence of commercial success or value, one of the Graham v. Deere 

factors. 

Based on the accompanying Declaration of Anna Senczuk under 3 7 C.F. R. § 

1.132 and Exhibit A, and the arguments presented above, applicants request 

reconsideration and withdrawal of the rejection of claims 1-13 on the basis of 3 5 

U.S.C. §103(a) as allegedly primafacie obvious over U.S. Patent 5,231,178 to Holtz 

et al. 

IV. Conclusions 

Applicants submit that the claims are m condition for allowance. 

Accordingly, applicants respectfully request that the rejections of record be 

reconsidered and withdrawn, and a Notice of Allowance issued. 

If any small matter remains outstanding after the Examiner has reviewed the 

amendments and remarks presented herein, the Examiner is respectfully requested to 

telephone the undersigned attorney at the telephone number provided below to resolve 

any such matter. 

The Patent Office is authorized to charge any additional fees due or credit any 

fee owed to Deposit Account 01-0519 in the name of Amgen Inc. 

Please send all future correspondence to: 
US Patent Operations/ JAL 
Dept. 10200, MIS 28-2-C 
AMGEN INC. 
One Amgen Center Drive 
Thousand Oaks, California 91320-1799 
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Jo merdin 
ttorne I Agent for Applicant(s) 

Registration No.: 44,858 
Phone: (805) 313-6398 
Date: January 26, 2011 
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IN THE UNITED STATES PATENT AND TRADE1\.-1ARK OFFICE 

ln the Application of; Docket No.: 3470-US-DJV 
Anna Senczuk and Ralph Klinke 

Group Art Unit: l 654 
Serial No: 12/822,072 

Filed: June 23, 20 IO 
Examiner: Teller, Roy R. 

For: PROCESS FOR PURJfYlNG PROTEINS 

DECLARATION OF ANNA SENCZUK UNDER 37 C.F.R § 1.132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

I, Anna Senczuk, do hereby declare as foilows that: 

l. I, Anna Senczuk, am one of the inventors in the above-referenced patent 

application. J have been employed as a senior associate scientist at Amgen and 

Jmmunex since December I, 2000. Prior to Amgen, I \vorked at the University of 

Calgary, Alberta, Canada. I received my B.S. and M.S. degrees at University of 

Calgary in Cell Molecular and Microbial Biology. I have approximately 13 years of 

experience in the field of protein purification. 

2. I have performed the experiments testing single salts and combination of salts 

(dual salts) described in the above-referenced patent application. My co-inventor and 

I discovered that using certain combinations of salts will greatly improve the dynamic 

capacity of a hydrophobic interaction chromatography (H!C) column, or the amount 

of protein that can be loaded onto the column without ·'breakthrough" or leakage of 

protein into the solution phase before elution. This result was not expected in light of 

any information on HIC available from the scientific literature or other sources at the 

time of our invention. Previously, it was not known that salt combinations had 

anything to do with improving dynamic capacity ofa HIC. 

3. Increasing the dynamic capacity of the HIC is very significant in a commercial 

manufacturing setting, since this allows more protein to be purified per purification 
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cycle. This greatly improves the efficiency and reduces the cost of manufacturing a 

therapeutic protein. 1 performed calculations illustrating the benefits for commercial 

manufacturing of using a specific dual salt combination to load protein onto a HJC 

compared with a single salt for a commercial purification of an 1gG2 antibody. 

The single sulfate salt, 0.8 M sodium sulfate at pH 6.0, was calculated to have 

a dynamic capacity of 24 gll.A for the particular IgG2 monoclonal antibody, whereas 

the dual salt combination. 0.5M sodium sulfate plus 0.3 M sodium citrate at pH 6.0 

was calculated to have a dynamic capacity of 33 g/L-r for the same IgG2 monoclonal 

antibody. This represents an increase of 38% for the dynamic capacity of this 

particular dual salt combination compared with a single salt for the same antibody. 

The single acetate salt, 1.2 M sodium acetate at pH 6.0, was calculated to 

have a dynamic capacity of 5 g/L·r for the particular lgG2 monoclonal antibody, 

whereas the dual salt combination, l .OM sodium acetate plus 0.5 M sodium sulfa.te at 

pH 6.0 was calculated to have a dynamic capacity of 33 g/L-r for the same IgG2 

monoclonal antibody. This represents an increase of 550% for the dynamic capacity 

of this particular dual salt combination compared with a single salt for the same 

antibody. 

4. The benefits that result from the use of dual salts in the HTC column are 

presented in Exhibit A. The increase in dynamic capacity for the HIC resulting from 

the use of the dual salt combination in the HIC for an estimated harvest of 1.5 g/L in a 

2 kL bioreactor allows for 2 instead of 3 cycles of purification for each bioreactor 

harvest in the case of a single sulfate salt versus the sulfate/citrate and sulfateiacetate 

combination, and for 2 instead of 12 cycles for each bioreactor harvest in the case of a 

single acetate salt versus the acetate/sulfate and acetate citrate combination. 

Additionally, the increase in dynamic capacity for the HIC resulting from the 

use of the dual salt combination in the HIC fr>r an estimated harvest of l .5 g/L in a 12 

kL bioreactor reduces the processing time from l 0 hours to 7 hours in the case of a 

single sulfate salt versus the sulfate/citrate combination and the sulfate/acetate 

combination, and from 32 hours to l 0 hours in the case of a single acetate salt versus 

an acetate/citrate combination, 

As a consequence the use of salt combinations reduces the estimated cost/kg 

product produced from an estimated $3,961/kg for a single sulfate salt to $2,664/kg 

when the sulfate/citrate or sulfate/acetate salt combination is used, and from 
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$15,636/kg for a single acetate salt to $2,664/kg when the sulfate/acetate combination 

is used and from $15.636/kg to $3,961/kg when the acetate/citrate salt combination is 

used, thus reducing the cost of purifying a therapeutic protein on a commercial scale. 

The improvement resulting from the use of dual salts in HlC goes beyond 

merely optimizing a column to best suit a particular protein. Use of this particu.lar 

combination of salts greatly improves the cost-effectiveness of commercial 

manufacturing by reducing the number of cycles required for each harvest and 

reducing the processing time for each harvest. 

5, I further declare that all statements made herein of my own knowledge are 

true, that all statements made on information and belief are believed to be true, and 

that these statements were made with the knowledge that willful false statements and 

the like so made are punishable by fine or imprisonment or both (18 U.S.C. § JOOJ), 

and may jeopardize the validity of the application or any patent issuing thereon. 

10.11 
Date Anna Senczuk 
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USSN 10/895,581 

RECEIVED 
CENTRAL FAX CENTER 

Response to Offii;e Aetion and Ameudm1;mt 

IN TBE UNITED STATES PATENT AND TRADEMARK. OFFICE 

In the Application of: 
Anna Senczuk and Ralph Klinke 

Serial No: 10/895,581 

Filed: July 21, 2004 

Docket No.: 3470-US-NP 

Group Art Unit: 1654 

Examiner: Teller, Roy R. 

For: PROCESS FOR PURIFYING PROTEINS 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22131-1450 

RESPONSE TO OFFICE ACTION AND AMENDMENT 

Dear Sir: 

In response to the Office Action dated 7/17/2007, please consider the 

following response to the Office Action and amendment of the claims. This response 

is submitted with a request for a one month extension of time and the appropriate fee. 

Amendments to tbe Specification begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims which begins on 

page 3 of this paper. 

Remarks begin on page 5 of this paper. 

CERTIFICATR OF FACSIMILE TRANSMTSSTON 
T hereby certify that this correspondence (alons w1th any referred to as being attached or enclosed) is 

being facsimile transmitted. to the:: United States Patent and Trademar]< Officc on the; date indicated below. 

NOV 1 6 2007 
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1
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RECEIVED 
CENTRAL FAX CENTER 

AMENDMENT TO THE SPECIFICATION 

Please replace the paragraph on page 25, under the heading "ABSTRACT''. 

with the following amended paragraph. 

NOV 1 6 2007 

The invention relates to a process for purifying a protein by mixing a protein 

preparation with a solution having a first salt and a second sal~ wherein each salt has 

a different lyotropic value, and loading the mixture onto a hydrophobic interaction 

chromatography column. The dynam~c capacity of the column for a protein using the 

two salt combination will be increased compared with the the dynamic capacity of the 

column for either single salt alone. 
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RECEIVED 
CENTRAL FAX CENTER 

AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in 

the application. Entry of the arnendments of the claims is respectfully requested. 

What is claimed is: 

NOV 1 6 2007 

1. (currently amended) A process for purifying a protein on a hydrophobic 

interactive chromatography column comprising mixing a preparation containing the 

protein with a seh:1:tie'R se1itaiB:ing combination of a first salt and a second salt, loading 

the mixture onto a hydrophobic interaction chromatography colunm, and eluting the 

protein eeffimn, wherein the first and second salts are citrate and phosphate salts B&¥e 

ei£Tureat lyea:epie values, ae:el w:herem at least eae salt Se:s e: l:nilTer.isg S3flaGit:y at a 

pH e.t whieh the 13Feteia is stehle, and wherein the concentration of each of the first 

salt and the second salt in the mixture is between about 0.1 M and about 1.0 M. 

2. (original) The process of claim 1 wherein the pH of the mixture loaded 

onto the column is between about pH 5 and about pH 7. 

3.-5. (canceled) 

6. (original) The process of claim 1 wherein the column is eluted with a 

solution having a pH between about pH 5 and about pH 7. 

7. (currently amended) The process of claim 1 wherein the B'fst salt aBa 

seee~ citrate and phosphate salt.§. are selected from the group consisting of eitrate aHe 
sttifa.f;e; ei~Fate a:ee asetate; sii=Fate aH:e phe51Jltate; aeetate aad setfate; and su.lfate and 

pheS)3hate sodium. potassium and ammonium salts. 

8. (original) The process of claim 1 wherein the protein is a fusion protein or 

an antibody. 

9. (original) The process of claim 1, further comprising diluting the protein. 

lO. (original) The process of claim 1, further comprising filtering the protein. 

3 
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11. (original) The process of claim 1, further comprising formulating the 

protein. 

12. (original) The process of claim 1, further compiis1ng Iyopholizing the 

protein. 

13.- 19. (canceled) 

20. (currently amended) A method of mmfimizing increasing the dynamic 

capacity of a hydrophobic interaction chromatography col~ for a particular protein 

at a desired pH e;amprisiag seleetiHg a eememe.aea af ee:aeeatm1:ieBS faF e: first salt 

imd a. seeend salt whe'fein: the first salt aHd the seeond salt ha;<e diffei:ent lyetl'epie 

v:alees. a.ad least ene salt has a baffering eapaeity at the aesired pH, and "rhefein the 

eefl:eeffifati:&.B:S efthe Hfst salt and the seee11d salt ai=e deteFf.FliaeEl •tsing preeipitatieE: 

eurves fer the salts individlially am! fer the eembi"HatioH ef salts, comprising mixing a 

preparation containing the protein with a combination ofa first salt and a second salt. 

and loading the mixture onto a hydwphobic 1nteraction chromatography column. 

wherein the first and second salts are citrate and phosphate salts, and wherein the 

concentration of each of the first and second salts in the mixture is between about 

O. lM and about 1.0 M. 

21 , (new) The process of claim 20 wherein the pH of the mixture loaded onto 

the column is between about pH 5 and about pH 7. 

22. (new) The process of claim 20, wherein the citrate and phosphate salts are 

selected from the group consisting of sodium, potassiuni and ammonium salts. 

23. (new) The process of claim 20 wherein the protein is a fusion protein or an 

antibody. 

4 
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REMARKS 

The specification has been amended to correct a typographical error, as shown 

above. 

Claims 1-2. 6-12, 20, and new claims 21-23 are currently pending in the 

application. Claims 3-5 and 13-19 have been canceled without prejudice to future 

filing. Claims 1, 7, and 20 are currently amended. 

Claims l and 20 are currently amended in response to the previously issued 

restriction requirement. In addition, claims 1 and 20 are amended to more clearly 

recite the subject matter considered to be the invention. Support for these 

amendments is found in the application as filed. for example, page 3, page 8, and page 

9, line 30 to page 11, line 3. Claim 7 is amended to recite the types of citrate and 

phosphate salts. Support for this amendment is found in the application, for example, 

page 3, lines 9-11, page 5, line 30 to page 6, line 7. Support for claims 21-23 is found 

in the specificatio~ pages 8, and 9-13, for example. Therefore, no new matter is 

added by the amendments to the claims or new claims 21-23. Entry ofthe 

amendments to the specification and claims is respectfully requested. 

REJECTIONS UNDER 35U.S.C.§112, FJltST PARAGRAPH 

Claims 1-2, 4-14, and 16-20 are rejected under 35 U.S.C. § 112, first 

paragraph as allegedly lacking enablement for the claimed processes. This rejection 

is respectfully traversed. 

35 U.S.C. § 112, first paragraph requires that the specification shall oontain a 

written descnption of the invention and of the manner and process of making and 

using it. in such full, clear, concise, and exact terms as to enable any person skilled in 

the art to which it pertains, .... to make and use the same. 

The Examiner has alleged that the Applicants have only provided guidance for 

the use of citrate, acetate, phosphate and sulfate salts, and have provided no guidance 

for any other salt that could be used to purify a protein. Applicants do not agree. 

First, Applicants point out that the claimed invention is directed to the use of the 

combination of an intermediate concentration of a buffering salt in combination with 

an intermediate concentration of a second buffering or non-buffering salt for purifying 

proteins on a HIC column (page 4, lines 22-26). This combination of salts offers 

advantages of previous methods of preparing and using HIC columns to purify 

proteins, by increasing the dynamic capacity of the column (page 6, lines 23-29, for 

5 
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example). The instant application teaches how to select combinations of salts and 

their concentrations for use in the improved methods of purifying proteins on me 

NOV 1 6 2007 

columns. This is described in detail in the specification, for example, page 7, line 29, 

to page 8. and Examples l and 2, pages 17-22, as illustrated in Figures lA-lE. 

Potential salts are described in the application on page 6, lines 9-21, and line 31 to 

page 7 ofthe specification. Therefore. according to thein re Wands factors listed.by 

the Ex:aniiner in the Office Action. Applicants have provided both specific guidance 

and direction in the specification, and actual working examples. Applicants therefore 

submit that on the basis of this specific guidance and the working examples, together 

with the high level of those skilled in the art. and the state of the art at the filfog date 

of the application, the claims previously presented were in fact enabled by the 

specification. 

In accordance with the restriction requirement, the claims have now been 

amended to recite citrate and phosphate salts, as shown above. The Examiner has 

stated in the Office Action, page 3, that the specification is enabling for the 

combination of citrate and phosphate salts. Therefore. on the basis of the arguments 

presented above, in addition to the amendments to the claims, Applicants respectfully 

request reconsideration and withdrawal of the rejection of the claims on the basis of 

35 US .C. § 112. first paragraph. 

Applicants• attorney invites the Examiner to call her at the number given 

below if it would be helpful in advancing the prosecution of this application. 

Immunex Corporation 
Law Department 
1201 Amgen Cow1 West 
Seattle, WA 98119 
Telephone (206) 265-7000 

Respectfully submitted, 

/)'/ ~ - -?;J, ~ 
~llas 
Registration No. 34,122 
Direct Dial No. (206) 265~8294 
Date: November 16, 2007 

ikl.61901 11/16/07 
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Office Action Summary Examiner Art Unit 

ROY TELLER 1654 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZ! Responsive to communication(s) filed on 16 November 2007. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1.2.6-12 and 20-23 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1.2.6-12.20-23 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20080212 
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This office action is in response to the amendment, received 11/16/07. Applicant has 

amended claims 1, 7 and 20; cancelled claims 3-5 and 13-19; and added new claims 21-23. 

Claims 1, 2, 6-12 and 20-23 are under examination. 

Response to Amendments/ Arguments 

Applicant's amendments and arguments filed 11/16/07 are acknowledged and have been 

fully considered. Any rejection and/or objection not specifically addressed is herein withdrawn. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

Claims 1, 2, 6-12 and 20-23 are rejected under 35 U.S.C. 102(b) as being anticipated by 

Holtz et al. (USPN 5,231,178). 

The instant invention is drawn to a process for purifying a protein on a hydrophobic 

interactive chromatography column comprising mixing a preparation containing the protein with 

a combination of a first salt and a second salt, loading the mixture onto a hydrophobic interaction 

column, and eluting the protein, wherein the first and second salt are citrate and phosphate salts, 

and wherein the concentration of each of the first salt and the second salt in the mixture is 

between about O.IM and about I.OM, wherein the column is eluted with a solution onto the 
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column is between about pH 5 and 7. The instant specification reads on insulin-like growth 

factors as one of the proteins to be purified (see, e.g., instant specification, page 15, line 6). 

Holtz et al. discloses a method of purification of insulin-like growth hormone, in which 

prior to contacting the eluate with the first hydrophobic interaction chromatography matrix, the 

initial eluate is buffered to a pH between 4.0- 7.0. Salts contemplated for such use are those salts 

which improve the hydrophobic interaction ofIGF-1 and the hydrophobic interaction 

chromatography matrix, e.g., sodium sulfate, potassium sulfate, ammonium sulfate, potassium 

phosphate, sodium acetate, ammonium acetate, sodium chloride, sodium citrate and the like. The 

salt content will fall in the ranges of about 0.2 up to 2.0m; with salt content of about 0.4 up to 

IM being preferred. See entire document including, for example, columns 11-13, 26-27 and 32. 

This reads on instant claims 1, 2, 6-12 and 20-23. 

Therefore, the cited prior art is deemed to anticipate the instant claims. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103( c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 
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Claims 1, 2, 6-12 and 20-23 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Holtz et al. (USPN 5,231,178). 

Holtz et al. beneficially discloses a method of purification of insulin-like growth 

hormone, in which prior to contacting the eluate with the first hydrophobic interaction 

chromatography matrix, the initial eluate is buffered to a pH between 4.0- 7.0. Salts 

contemplated for such use are those salts which improve the hydrophobic interaction ofIGF-1 

and the hydrophobic interaction chromatography matrix, e.g., sodium sulfate, potassium sulfate, 

ammonium sulfate, potassium phosphate, sodium acetate, ammonium acetate, sodium chloride, 

sodium citrate and the like. The salt content will fall in the ranges of about 0.2 up to 2.0m; with 

salt content of about 0.4 up to IM being preferred. See entire document including, for example, 

columns 11-13, 26-27 and 32. 

It would have been obvious to one of ordinary skill in the art at the time the claimed 

invention was made to purify a protein including an insulin-like growth hormone via the 

instantly claimed steps based upon the overall beneficial teachings provided by the cited 

reference. The adjustment of particular conventional working conditions (if not expressly 

taught) is deemed merely a matter of judicious selection and routine optimization which is well 

within the purview of the skilled artisan. 

Thus, the invention as a whole is primafacie obvious over the reference, especially in the 

absence of evidence to the contrary. 
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All claims are rejected. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

Page 5 

examiner should be directed to ROY TELLER whose telephone number is (571)272-0971. The 

examiner can normally be reached on Monday-Friday from 5:30 am to 2:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Cecilia Tsang, can be reached on 571-272-0562. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

/Roy Teller/ 
Examiner, Art Unit 1654 
2/12/08 

/Christopher R. Tate/ 
Primary Examiner, Art Unit 1655 
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RECEIVED 
CENTRAL FAX CENTER 

JUL 1 4 2008 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the Application of: Docket No.: 3470-US-NP 
Anna Senczuk and Ralph K.linke 

Group Art Unit: 1654 
Serial No: 10/895,581 

Filed: July 21, 2004 
Examiner: Teller, Roy R. 

For: PROCESS FOR PURWYING PROTEINS 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA22131-14SO 

RESPONSE TO OFFICE ACTION AND AMENDMENT 

Dear Sir: 

In response to the Office Action dated 2/14/1008, please consider the 

following Response to the Office Action and Amendment of the claims. Thls 

response is submitted with a request for a two month extension of time and the 

appropriate fee. 

Amendments to the Specification are shown on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims which begins on 

page 3 of this paper. 

Remarks and argwnent.s begin on page 5 of this paper. 

CERTIFICATE. OF FACSJMJLE TRANSMISSION 
I hereby certify that this paper (along with any referred to 11.!l being a.tta.ched or enclosed) is 'being 

transmitted to the United States Patent und nudemark Office via :fucsimile to facsimile number 571-273-8300 on 
tho: dati:: indicated below, and is addressed to Mail Stop Amendmerit; Commissioner for Patents, P.O. Box 1450, 
Alexandria. VA2231)·14_50. . ~ 

'"'""''' ~9~~ °""' t±. uoj 1J..~o? 't l~ Prin e 0 ':=f. 

rai 003 

07/15/2008 VBUI11 00000027 090089 10895581 

I 

I 

01 FC:1252 460.00 DA 
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JUL. l ~ 2008 

AM£NDMENTS TO THE SPECIFICATION 

:Please replace lines 1-6 on page 21, and Table 2, Jines 12~15, on page 21, with 

the followjng amended lines and Table 2. 

-varied. The additional proteins were the fusion protein TNFE,:Fc described above, 

and three monoclonal antibodies designated mAb 1, mAb2, and mAb3. The three 

monoclonal antibodies were partially purified and obtained as eluants from other 

types of chromatography columns. The TNFR:Fc fusion protein was obtained as a 

fully purified protein. The concentrations of the proteins used was between 4-5 

mg/rnl, for this particular experiment.it. 

Protein Cone. Sodium Cone. Sodium Combination Salt 
Citrate Phosohate 

mAbl 0.6M 0.9M 0.55M NaCitrate/ 
0.4M Na Phosphate 

mAb2 0.7M 1.lM 0.55M Na Citrate/ 
0.4M Na Phosphate 

mAb3 0.7M l.OM 0.55M Na Citrate/ 
0.2M Na Phosphate 

TNFR:Fc 0.55M l.OM 0.4M Na Citrate/ 
0.2M Na Phosphate 

Table 2. Salt concentrations at which protein begins to precipitate (taken from the 
precipitation curves.)--

On page 22, please replace Table 3 with the following amended Table 3. 

Protein Na Citrate Na Phosphate Combination 
mAbl 37 20 49 
mAb2 36 30 44 
mAb3 21 12 25 
TNFR'.Fc 17 18 25 
T&hle~ Table 3. Dynamic capacities under the salt conditions listed in Table 2. 

2 
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AMENDMENTS TO THE CLAIMS 
This listing of claims will replace all prior versions, and listings. of claims in ··· 

the application. Entry of the amendments of the claims is respectfully requested. 

What is claimed is: 

1. (currently amended) A process for purifying a protein on a hydrophobic 

iffie£e.etiw interaction chromatography column comprising mixing a preparation 

containing the protein with a combination of a first salt and a second salt, loading the 

mixture onto a hydrophobic interaction chromatography column, and eluting the 

protein, wherein the first and second $alts are citrate and phosphate salts, and wherein 

the concentration of each of the first salt and the second salt in the mixture is between 

about 0.1 Mand about 1.0. 

. 
2. (original) The process of claim 1 wherein the pH of the mixture loaded 

onto the column is between about pH 5 and about pH 7. 

3.-5. (canceled) 

6. (original) The process of claim 1 wherein the colwnn is eluted with a 

solution having a pH between about pH 5 and about pH 7. 

7. (previously presented) The process of claim 1 wherein the citrate and 

phosphate salts are selected from the group consisting of sodium. potassimn and 

ammonium salts. 

8. (original) The process of claim 1 wherein the protein is a fusion protein or 

an antibody. 

9. (original) The process of claim 1, further comprising diluting the protein_ 

10. (original) The process ofcla.im 1, further comprising filtering the protein. 

11. (original) The process of claim l, further comprising formulating the 

protein. 

3 
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12. (original) The process of claim 1. further comprising lyopholizing the 

protein. 

13.- 19 (canceled) 

20. (previouslypresented) A method of increasing the dynamic capacity of a 

hydrophobic interaction chromatography column for a particular protein, comprising 

mbdng a preparation containing the protein with a combination of a first salt and a 

second salt, and loading the mixture onto a hydrophobic interaction chromatography 

column, wherein the first and second salts are citrate and phosphate salts, and wherein 

the concentration of each of the first and second salts in the mixture is between about 

O.IM and about 1.0 M. 

21. (previously presented) The process of claim 20 wherein the pH of the 

mixture loaded onto the column is between about pH 5 and about pH 7. 

22. (previously presented) The process of claim 20, wherein the citrate and 

phosphate salts are selected from the group consisting of sodium, potassium and 

ammonium salts. 

23. (previously presented) The process of claim 20 wherein the protein is a 

fusion protein or an antibody. 
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REMARKS 

The Specification has been amended as shown above to correct "TNF:Fc" to 

''TNFR:Fc", and to correct two typographical mistakes. TNFR:Fc was correctly 

presented in the application on page 13, paragraph 3, which describes tumor necrosis 

factor receptor-Fe fusion protein (TNFR.:Fc). Page 13, paragraph 3 states .. An 

example of au Fc-contahring protein capable of being purified according to the 

present invention is tumor necrosis factor receptor-:-Fc fusion protein (TNFR;Fc)." 

Therefore, amending the specification on pages 21 and 22 to correct TNF:Fc to 

TNFR:Fc does not represent new matter. Entry of the amendments to the 

specification is respectfully requested. 

Claims 1-2, 6-12, and 20-23 are currently pending in the application. Claims 

3-5 and 13-19 have been canceled without prejudice to future filing. Claim 1 is 

currently amended to correct a typographical error by changing "interactive" to 

''interaction". No new matter is presented by this amendment, and en~ of the 

amendment to claim 1 is respectfully requested. 

REJECTION UNDER 35 U.S.C. S 102(b) 

Claims 1-2, 6-12, and 20-23 have been rejected under 35 U.S.C. § 102 (b), as 

allegedly anticipated by U.S. Patent No: 5,231,178 (Holtz et al.). This rejection is 

respectfully traversed. 

The Examiner has alleged that the claimed invention is disclosed throughout 

the entire Holtz et al. document, for example, columns 11-13, 26-27, and 32. 

Applicants do not agree. 

A claimis anticipated only if each and every element as set forth in the claim 

is found, either expressly or inherently described, in a single prior art reference. 

Verdegall Bros v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ 2d 1051, 

1053 (Fed. Cir. 1987). 

Claim 1 of the instant application recites a proeess for purifying a protein on a 

hydrophobic interaction chromatography column comprising mixing a preparation 

containing the protein with a combination of a first salt and a second salt, loading the 

mixture onto a hydrophobic interaction chromatography column, and eluting the 

protein, wherein the.first and second salts are citrate and phosphate salts, and 

wherein the concentration of each ofthe first sah and the second salt in the mixture is 

between about 0.1 Mand about 1.0 (emphasis added). 
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Holtz et al. describes a detailed process for recovery and purification of 

monomeric, intact, correctly folded IGF-1 through the use of a seriei;; of columns. 

Holtz et al., colwnn 11, Jines 42 to 62, describes mixing the eluate of a first cation 

exchange column with a buffered salt solution pH 4.0 to 7.0, preferably 4.5 to 5.0, 

before loading onto a hydrophobic interaction column, where the salts are in the range 

of0.2 to 2.0M. preferably .4 to 1.0M, and where the salts are selected from "sodium 

sulfate, potassium sulfate, ammonium sulfate, potassium. phosphate, sodium acetate, 

ammonium acetate, sodium chloride, sodium citrate, and the like. Broadly, the salt 

content employed will fall in the range of about 0.2 up to 2.0M, with a salt content of 

about 0.4 up to lM being presently preferred. An especially preferred salt is 

anunonium sulfate, at a concentration of about 0.4 to 0.8M." (column 11, lines 55-

62). Holtz et al. on column 11 does not describe or suggest combining the protein to 

be purified with the particular combination of two salts, citrate and phosphate salts, as 

recited in the claimed process, at concentrations of each of the first and second salt 

being between about O. IM and LOM, before loading the protein on the HIC column. 

Holtz et al., columns 26 and 27, describe methods ofprepa:ring and loading 

· IGF-1 eluant from a cation exchange co1wnn onto a HIC column. Column 26, line 60 

. to column 27, line 16 describes diluting IGF-1 eluant from the cation exchange 

column into a buffer: containirig .5M sodium chloride, 0.5 M sodium acetate, and 0.5 

sodium phosphate. pH 4.0, and then adding 80% saturated solution of ammonium 

sulfate untiJ IGF-1 protein precitates. The precipitated protein is then resrispended to 

a concentration of 425 mg/5 liters (85 mg/I), in a solution of 16% saturated 

ammonium sulfate, 40 mM sodium acetate, 40 mM sodium phosphate, pH 4.5, and 

0.4M NaCl, and this solution is then loaded onto the HIC column (column 26, line 61 

to column 27, Jine 10). Again Holtz et al. column 26 and 27 does not teach or suggest 

combining the protein to be purified with the particular combination of two salts. 

citrate and phosphate salts at concentrations of between about 0.1 Mand 1. OM before 

loading the protein on the me column. Instead, a protein solution containing lower 

concentrations of sodium acetate and sodium phosphate, together with NaCl and a 

high concentration of ammonium sulfate (four salts, not a combination of two salts as 

recited in the claimed method), is loaded onto the HIC column. Further, Holtz et al., 

column 27. lines 17 to 3 l, describes a second method of preparing IGF-1 for a HIC 

column, comprising collecting the IGF-1 eluant from the cation exchange column. 

diluting into sodium acetate/phosphate buffer in addition to adding ammonium sulfate 
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to 15% of saturation levels (three salt combination instead of two salts). Again Holtz 

et al. does not disclose the particular combination of two salts, citrate and phosphate 

salts> at concentrations of between about O. lM to l.OM, at a pH of between about 5.0 

to about 7.0. 

Holtz et al., column 32, lines 19 to 31, describes solutions of the IGF-1 protein 

:in 50mM sodium acetate and 50 mM sodium phosphate buffer, pH 4.5, with added 

ammonium sulfate (up to 10% saturation) to prepare and load onto a second IITC 

column. Again Holtz. et al. does not describe the combination of two salts, citrate 

and phosphate, at concentrations of between about O. lM to l .OM., at a pH of between 

about 5.0 to about 7.0 (claim 2). 

Therefore, because the reference to Holtz et al. does not descf.ibe all of the 

elements of the claimed process for purifying a pwtein comprising mixing the protein 

with a combination of two salts only, citrate and phosphate, at concentrations of 

between about O.lM and l.OM, and loading this mixture onto the column, Applicants 

submit that Holtz et al. does not anticipate the claimed subject matter. 

Reconsideration and withdrawal of the rejection on the basis of35 U.S.C. § 102 (b) is 

respectfully requested. 

REJECTION UNDER 3S U.S.C. § 103(a) 

Claims 1, 2, 6-12 and 20-23 have been rejected under 35 U.S.C. §103(a) as 

allegedly primafacie obvious over U.S. Patent 5,231,178 to Holtz et al. This 

rejection is respectfully traversed. 

103(a) states: "A patent may not be obtained though the invention is not 

identically disclosed or described as set forth in section 102 of this title, if the 

differences between the subject matter as a whole would have been obvious at the 

time the invention was made to a person having ordinary skill in the art to which said 

subject matter pertains." 

The Examiner has a1leged that it would have been obviou.s to one of ordinary 

skill in the art at the time the invention was ~de to purify a protein using the steps 

set forth in the claimed invention based on the teachings of Holtz et al. The Examiner 

has alleged that adjustment of the "particular conventional working conditions (if not 

expressly taught) is deemed merely a matter of judicious selection and routine 

optimization which is well within the view of the skilled artisan." (page 4 of Office 

Action). Applicants do not agree for the following reasons. 
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Applicants submit first that there are significant differences between what is 

disclosed in Holtz et al. and the claimed process, as pointed out 'in detail above:. The 

methods employed in Holtz et al. represents the typical methods used prior to the 

instant invention, that is, adding a high concentration of anunonimn sulfate to a low 

concentration of a buffer solution to prepare a protein for a HIC column (see the 

instant application, page 4). Holtz et al. merely describes in detail methods for 

pUrifyi.ng a single protein IGF-1 so that the protein is intact and correctly folded. 

Holtz et al. does not describe optimizing the pwification process for conunercial 

production of any-protein by increasing the dynamic capacity of the me column(s) 

through the novel use of particular combinations of only two salts. Further, there is 

110 suggestion in Holtz ct al. to use two salts, let alone the particular combination of 

salts of the claimed method, since, as described above, more than two. salts are used in 

the protein solutions for every HIC column described in Holtz et al. 

Further, Applicants submit that it would require more than "routine 

optimization" to bridge the gap between what is disclosed in Holtz et al. and the 

instant claimed method.. The instant application describes how the claimed process 
\ 

was derived, in Examples 1 and 2. First, the optimum concentration range for the 

individual salt solutions was determined by preparing salting out or precipitation 

curves for each protein. Then a second series of salting out curves was prepared for 

two salt combinations in which the first salt concentration was kept constant and the 

second salt concentration was increased. Then the second salt was kept constant and 

the first salt varied (see page 18, Example 1, of the instant application). Finally, the 

dynamic capacities were determined for the salts alone, at the. previously determined 

optimum concentrations, and then for the combinations of salts, at the previously 

determined optimum concentrations, in order to determine what combinations of salts 

would increase the dynamic capacity for the proteins on the HIC column. This was 

performed for four antibodies and TNFR:Fc (See pages 18-21, Examples 1and2). 

Applicants submit that the work descnoed in Examples 1 and 2 of the instant 

' application represents more than "routine optimization", but rather a lengthy series of 

experiments leading to a new approach for the seJ ection of combinations of salts for 

optilnizing the dynamic capacity of a protein on a hydrophobic interaction 

chromatography column. Therefore, for these reasons, Applicants submit that the 

claimed processes are not in fact primafacie obvious over Holtz et al. 
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Further, the United States Supreme Court in its recent decision in KSR v. 

Teleflex, 127 S.Ct. 1727 (2007), has indicated that an analysis of obviousness should 

focus on whether an improvement represented by a claimed invention is "more than 

the predictable use of prior art elements according to their established functions." Id. 

at 13. There must, in addition, be some technical or logical basis for asserting that the 

advantages of the claimed process would have been predictable based on the prior art 

reference. 

Applicants point out that the Examiner has not provided a technical or logical 

basis for asserting that the advantages of the particular combination of salts of the 

claimed process would have been predictable based on Holtz et al. Thus, Holtz et al. 

neither describes nor suggests the particular combination of two salts of the claimed 

process, nor were the advantages of the claimed two salt processes predictable based 

on Holtz et al. 

Therefore, based on the arguments presented above, Applicants request that 

. the rejection on the basis of 35 U.S.C. §103(a) as allegedly primafacie obvious over 

U.S. Patent 5,231,178 to Holtz et al. be reconsidered and withdrawn. 

Applicants submit that the claims are currently in form for allowance. 

Applicants' attorney invites the Examiner to call her at the number given below if it 

would be hc::lpful in advancing the prosecution of this application. 

Immunex Corporation 
Law Department 
1201 Amgen Court West 
Seattle, WA 98119 
Telephone (206) 265-7000 

j~141901 7/14/08 

9 

Respectfully submitted, 

Christine M. Bellas 
Registration No. 34,122 
Direct Dial No. (206) 265-8294 
Date: July 14, 2008 

~011 

PAGE 11/11 1 RCVD AT 7/14/2008 6:35:59 PM [Eastern Daylight rune) I SVR:USPTO-EFXRF-4i8 1 DNIS:2738300 g CSID:2062330644 g DURATION (mm-ss):0&-30 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 80 of 105 PageID #: 482



 
 

Exhibit 8 
 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 81 of 105 PageID #: 483



USOO7781395B2 

(12) United States Patent (10) Patent N0.: US 7,781,395 B2 
Senczuk et al. (45) Date of Patent: Aug. 24, 2010 

(54) PROCESS FOR PURIFYING PROTEINS (58) Field of Classi?cation Search ..................... .. None 
See application ?le for complete search history. 

(75) Inventors: Anna Senczuk, Shoreline, WA (US); . 
Ralph Klinke, Sammamish, WA (US) (56) References C‘ted 

U.S. PATENT DOCUMENTS 
(73) Assignee: Immunex Corporation, Thousand Oaks, 

CA (Us) 5,231,178 A * 7/1993 HoltZ et a1. ............... .. 530/399 
5,395,856 A 3/1995 Haase 

( * ) Notice: Subject to any disclaimer, the term of this 59289“ A 7/1999 warner et 31' 

patent is extended or adjusted under 35 * Cited by examiner 

U'S'C' 154(b) by 229 days' Primary ExamineriChristopher R. Tate 
Iqo'Z ASSiSZLlI’lZ ExamineriRoy Teller 

’ (74) Attorney, Agent, or Firm4Christine M. Bellas 

(22) Filed: Jul. 21, 2004 
(57) ABSTRACT 

(65) Prior Publication Data _ _ _ _ _ 
The mventlon relates to a process for punfymg a protem by 

Us 2006/0229437 A1 OCR 12, 2006 mixing a protein preparation With a solution having a ?rst salt 
_ _ and a second salt, Wherein each salt has a different lyotropic 

Related U-s- APPllcatlon Data value, and loading the mixture onto a hydrophobic interaction 

(60) Provisional application No. 60/540,587, ?led on Jan. Chromatography 9011111111 The dynalmc caPaQitypf the? 001' 
30s 2004 umn for a protem usmg the two salt combmatlon W111 be 

increased compared With the dynamic capacity of the column 
(51) Int C]_ for either single salt alone. 

C07K 16/00 (2006.01) 
(52) US. Cl. ...................................... .. 514/2; 530/3871 13 Claims, 5 Drawing Sheets 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 82 of 105 PageID #: 484



US 7,781,395 B2 Sheet 1 0f 5 Aug. 24, 2010 US. Patent 

3 2:? 28:5 .2 ucm Bur-amosm mz 

wd 

=3 28$ 25o 2:222 
.30 

Nd w 

mm 

/ 

mm vm mm om I no . mm mm 
/ cow 

Pow 
Meroeao/o 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 83 of 105 PageID #: 485



Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 84 of 105 PageID #: 486



US 7,781,395 B2 Sheet 3 0f 5 Aug. 24, 2010 US. Patent 

2 2:? 
=8 38$ 2: B 2.22: 

v no G 

_ _ S 

5 

/ 8 / w, 

00? 

x C . No? 
/ < wow 

wow wow 

m4, 

2334. m2 ucm 8355 m2 

MeraeHO/o 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 85 of 105 PageID #: 487



US 7,781,395 B2 Sheet 4 0f 5 Aug. 24, 2010 US. Patent 

E 2:? 
=3 28% 2: B 5.36: N 3 r 2 o 

_ _ _ O 

8. 

./ ./ 3 
// / 8 

/f/\i</h@k MM? ow? 
Mammal-1% 

¢u6u¢0< NZ UCG map-2U NZ 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 86 of 105 PageID #: 488



US 7,781,395 B2 Sheet 5 0f 5 Aug. 24, 2010 US. Patent 

E 2:5 
=8 28$ 2: E 3:22; F g QC 2 No Q 

_ _ _ _ 0 

ON 
3 m 

:25 23+ 8 w 
swam 286+ m 

by cw m 

9/? +Vllu?w|l|e 2: 
8? 

225w mz .26 2.25 mz 

Case 1:17-cv-00546-LPS-CJB   Document 15   Filed 06/08/17   Page 87 of 105 PageID #: 489



US 7,781,395 B2 
1 

PROCESS FOR PURIFYING PROTEINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. provisional 
application No. 60/540,587, ?led Jan. 30, 2004, the entire 
disclosure of which is relied on and incorporated by refer 
ence. 

FIELD OF THE INVENTION 

This invention relates to protein puri?cation and speci? 
cally to a process for protein puri?cation using hydrophobic 
interaction chromatography. 

BACKGROUND OF THE INVENTION 

The puri?cation of proteins for the production of biological 
or pharmaceutical products from various source materials 
involves a number of procedures. Therapeutic proteins may 
be obtained from plasma or tissue extracts, for example, or 
may be produced by cell cultures using eukaryotic or pro 
caryotic cells containing at least one recombinant plasmid 
encoding the desired protein. The engineered proteins are 
then either secreted into the surrounding media or into the 
perinuclear space, or made intracellularly and extracted from 
the cells. A number of well-known technologies are utilized 
for purifying desired proteins from their source material. 
Puri?cation processes include procedures in which the pro 
tein of interest is separated from the source materials on the 
basis of solubility, ionic charge, molecular size, adsorption 
properties, and speci?c binding to other molecules. The pro 
cedures include gel ?ltration chromatography, ion-exchange 
chromatography, af?nity chromatography, and hydrophobic 
interaction chromatography. 

Hydrophobic interaction chromatography (HIC) is used to 
separate proteins on the basis of hydrophobic interactions 
between the hydrophobic moieties of the protein and 
insoluble, immobilized hydrophobic groups on the matrix. 
Generally, the protein preparation in a high salt buffer is 
loaded on the HIC column. The salt in the buffer interacts with 
water molecules to reduce the solvation of the proteins in 
solution, thereby exposing hydrophobic regions in the protein 
which are then adsorbed by hydrophobic groups on the 
matrix. The more hydrophobic the molecule, the less salt is 
needed to promote binding. Usually, a decreasing salt gradi 
ent is used to elute proteins from a column. As the ionic 
strength decreases, the exposure of the hydrophilic regions of 
the protein increases and proteins elute from the column in 
order of increasing hydrophobicity. See, for example, Protein 
Puri?cation, 2d Ed., Springer-Verlag, New York, 176-179 
(1988). 
When developing processes for commercial production of 

therapeutically important proteins, increasing the ef?ciency 
of any intermediate puri?cation steps is highly desirable. One 
way of improving the ease and ef?ciency of manufacturing is 
to increase the load capacity of one or more of the interme 
diate steps of the puri?cation process to the point that the 
number of cycles required to purify a batch of protein is 
reduced without compromising the quality of the protein 
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2 
separation. The present invention improves the process of 
protein puri?cation by increasing the capacity and ef?ciency 
of an intermediate step. 

SUMMARY OF THE INVENTION 

The present invention provides a process of purifying a 
protein comprising mixing a protein preparation with a solu 
tion containing a ?rst salt and a second salt, forming a mixture 
which is loaded onto a hydrophobic interaction chromatog 
raphy column, wherein the ?rst and second salts have differ 
ent lyotropic values, and at least one salt has a buffering 
capacity at a pH at which the protein is stable. In one embodi 
ment, the pH of the mixture and equilibrium buffer is between 
about pH 5 and about pH 7. The process further comprises 
eluting the protein. 
The present invention provides combinations of salts use 

ful for increasing the dynamic capacity of an HIC column 
compared with the dynamic capacity of the column using 
separate salts alone. These combinations of salts allow for a 
decreased concentration of at least one of the salts to achieve 
a greater dynamic capacity, without compromising the qual 
ity of the protein separation. The ?rst and second salt combi 
nations are selected for each particular protein through a 
process of establishing precipitation curves for each salt indi 
vidually, and precipitation curves for the combination of salts 
holding one salt constant and varying the second. The con 
centrations of the salt combinations can be optimized further, 
for example, to ensure protein stability at room temperature 
and to prevent formation of aggregates in the protein prepa 
ration. 

Preferred ?rst salts are those which form effective buffers 
at a pH at which the protein is stable. In one embodiment, the 
?rst and second salts are selected from acetate, citrate, phos 
phate, sulfate, or any mineral or organic acid salt thereof. In 
one embodiment the pH of the mixture is between about pH 5 
and about pH 7. In one embodiment, the ?nal salt concentra 
tions of the ?rst salt and second salts in the mixture are each 
between about 0.1M and 1.0 M, in another embodiment 
between about 0.3 M and about 0.7 M. The cations can be 
selected from any non-toxic cations, including NH4+, K”, and 
Na+. Preferred cations are those which do not tend to denature 
the protein or to cause precipitation in combination with other 
ions, including NH4+ and Na+. 
The two salt buffers of the present invention result in an 

increase in dynamic capacity of an HIC column for a particu 
lar protein compared with the dynamic capacity achieved by 
single salts. This results in decreased number of cycles 
required for purifying a batch of protein. Therefore, the 
present invention has special applicability to commercial 
manufacturing practices for making and purifying commer 
cially important proteins. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shows dual salt precipitation curves for an antibody 
against EGFR performed as described in Example I below. 
FIG. 1A shows the precipitation curve for 0.5 M sodium 
sulfate with increasing concentrations of sodium phosphate 
and the precipitation curve for 0.4 M sodium phosphate with 
increasing concentrations of sodium sulfate. FIG. 1B shows 
the precipitation curves for 0.55 M sodium citrate with 
increasing concentrations of sodium phosphate, and 0.4 M 
sodium phosphate with increasing concentrations of sodium 
citrate. FIG. 1C shows the precipitation curves for 0.6 M 
sodium acetate with increasing concentrations of sodium sul 
fate, and 0.5 M sodium phosphate with increasing concentra 
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tions of sodium sulfate. FIG. 1D shows the precipitation 
curves for 0.6 M sodium acetate with increasing concentra 
tions of sodium citrate, and 0.55 M sodium citrate with 
increasing concentrations of sodium acetate. FIG. 1E shows 
the precipitation curves for 0.55 M sodium citrate with 
increasing concentrations of sodium sulfate, and 0.5 M 
sodium sulfate with increasing concentrations of sodium cit 
rate. 

DETAILED DESCRIPTION OF THE INVENTION 

Hydrophobic interaction chromatography (HIC) is now 
widely used as an important bioseparation tool in the puri? 
cation of many types of proteins. The process relies on sepa 
ration of proteins on the basis of hydrophobic interactions 
between non-polar regions on the surface of proteins and 
insoluble, immobilized hydrophobic groups on the matrix. 
The absorption increases with high salt concentration in the 
mobile phase and the elution is achieved by decreasing the 
salt concentration of the eluant (Fausnaugh et al. J Chro 
matogr 359, 131-146 (1986)). A protein preparation at any 
stage of puri?cation is “conditioned” in preparation for HIC 
by mixing with high salt buffers to prepare the HIC “load” to 
be loaded onto the column. Generally, salt conditions are 
adjusted to individual proteins. Generally, requirements of 
between about 0.7 and about 2 M ammonium sulfate and 
between about 1.0 and 4.0 M NaCl salt concentration has 
been considered as useful for purifying proteins using HIC 
columns. The practice was to add a high concentration of salt 
to a low concentration buffer solution, such as, for example, 
1.4 M NH4SO4 added to a 0.024 M phosphate buffer for the 
puri?cation of monoclonal antibodies at pH 7.2 (Nau et al. 
BioChromotography 62 (5), 62-74 (1990)); or 1.7 M ammo 
nium sulfate in 50 mM NaPO4 for purifying yeast cell surface 
proteins (Singleton et al., J Bacteriology 183 (12) 3582-3588 
(2001)). The present invention differs from these practices in 
the use of an intermediate concentration of a buffering salt in 
combination with an intermediate concentration of a second 
buffering salt, or in combination with an intermediate con 
centration of a second non-buffering salt, to achieve increased 
dynamic capacity. 

It has also been recognized that increasing salt concentra 
tions can increase the “dynamic capacity” of a column, or the 
amount of protein that can be loaded onto a column without 
“breakthrough” or loss of protein to the solution phase before 
elution. At the same time, high salt can be detrimental to 
protein stability. High salt increases the viscosity of a solu 
tion, results in increased formation of aggregates, results in 
protein loss due to dilution and ?ltration of the protein after 
elution from the column, and can lead to reduced purity 
(Queiroz et al., J. Biotechnology 87:143-159 (2001), Sofer et 
al., Process Chromatography, Academic Press (1999)). The 
present invention, however, provides a process of purifying 
proteins that increases the dynamic capacity of an HIC col 
umn for a particular protein while reducing the concentration 
of the salts used, without reducing the quality of the protein 
separation or raising manufacturing issues. 
As used herein, the term “hydrophobic interaction chroma 

tography (HIC)” column refers to a column containing a 
stationary phase or resin and a mobile or solution phase in 
which the hydrophobic interaction between a protein and 
hydrophobic groups on the matrix serves as the basis for 
separating a protein from impurities including fragments and 
aggregates of the subject protein, other proteins or protein 
fragments and other contaminants such as cell debris, or 
residual impurities from other puri?cation steps. The station 
ary phase comprises a base matrix or support such as a cross 
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4 
linked agarose, silica or synthetic copolymer material to 
which hydrophobic ligands are attached. 
As used herein the term “dynamic capacity” of a separation 

column such as a hydrophobic interaction column refers to 
the maximum amount of protein in solution which can be 
loaded onto a column without signi?cant breakthrough or 
leakage of the protein into the solution phase of a column 
before elution. More formally, K' (capacity factor):moles of 
solute in stationary phase divided by moles of solute in 
mobile phaseIVr—Vo/Vo, where Vr is the volume of the 
retained solute and V0 is the volume of unretarded solute. 
Practically, dynamic capacity of a given HIC column is deter 
mined by measuring the amount of protein loaded onto the 
column, and determining the resin load which is mg protein/ 
column volume (mg/ml-r). The amount of protein leaving the 
column in the solution phase after the column is loaded 
(“breakthrough”) but before elution begins can then be mea 
sured by collecting fractions during the loading process and 
?rst wash with equilibrium buffer. The load at which no 
signi?cant breakthrough occurs is the dynamic capacity of 
the protein for those conditions. 
As used herein, the term “buffer” or “buffered solution” 

refers to solutions which resist changes in pH by the action of 
its conjugate acid-base range. Examples of buffers that con 
trol pH at ranges of about pH 5 to about pH 7 include citrate, 
phosphate, and acetate, and other mineral acid or organic acid 
buffers, and combinations of these. Salt cations include 
sodium, ammonium, and potassium. As used herein the term 
“loading buffer” or “equilibrium buffer” refers to the buffer 
containing the salt or salts which is mixed with the protein 
preparation for loading the protein preparation onto the HIC 
column. This buffer is also used to equilibrate the column 
before loading, and to wash to column after loading the pro 
tein. The “elution buffer” refers to the buffer used to elute the 
protein from the column. As used herein, the term “solution” 
refers to either a buffered or a non-buffered solution, includ 
ing water. 
As used herein, the term “lyotropic” refers to the in?uence 

of different salts on hydrophobic interactions, more speci? 
cally the degree to which an anion increases the salting out 
effect on proteins, or for cations, increases the salting-in 
effect on proteins according to the Hofmeister series for pre 
cipitation of proteins from aqueous solutions (Queiroz et al. J. 
Biotechnology 87: 143-159 (2001), Palman et al. J. Chroma 
tography 131, 99-108 (1977), Roe et al. Protein Puri?cation 
Methods: A Practical Approach. IRL Press Oxford, pp. 221 
232 (1989)). The series for anions in order of decreasing 
salting-out effect is: PO43—>SO42—>CH3COO—>Cl—>Br— 
>NO3—>CIO4—>I—>SCN—, while the series for cations in 
order of increasing salting-in effect: NH4+<Rb+<K+<Na+ 
<Li+<Mg2+<Ca2+<Ba2+ (Queiroz et al., supra). According 
to the present invention, combining two different salts having 
different lyotrophic values with a protein preparation allows 
more protein to be loaded onto a column with no or negligible 
breakthrough compared with higher salt concentrations of 
each single salt. 

It is an objective of the present invention to produce con 
ditions for particular proteins which maximize the amount of 
protein which can be loaded and retained by an HIC column 
with little or no reduction in the quality of separation of the 
protein. The present invention is a process for purifying a 
protein comprising mixing a protein preparation with a buff 
ered salt solution containing a ?rst salt and a second salt, 
wherein each salt has a different lyotropic value, and loading 
the protein salt mixture onto an HIC column. 

It is now understood that several factors in?uence the 
hydrophobic interactions which control the retention of a 
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native protein to the hydrophobic groups attached to the 
matrix. These include van der Waals forces, or electrostatic 
interactions between induced or permanent dipoles; hydro 
gen bonding, or electrostatic interactions between acidic 
donor and basic acceptor groups; the hydrophobicity of the 
protein itself; and the in?uence of various salts on hydropho 
bic interactions. (Queiroz et al., J Biotechnology 87: 143-159 
(2001)). The Hofmeister (“lyotropic”) series is an ordering of 
anions and cations in terms of their ability to precipitate 
proteins from aqueous solutions, as described above. The 
series for anions in order of decreasing salting-out effect is: 
PO43—>SO42—>CH3COO—>Cl—>Br—>NO3—>CIO4—>I— 
>SCN—, while the series for cations in order of increasing 
salting-in effect: NH4+<Rb+<K+<Na+<Li+<Mg2+<Ca2+ 
<Ba2+ (Queiroz et al., supra) 

The ions at the beginning of the series promote hydropho 
bic interactions and protein precipitation or salting out 
effects, and are called antichaotropic (Queiroz et al., supra). 
They are considered to be water structuring, whereas the ions 
at the end of the series are salting-in or chaotropic ions, and 
randomize the structure of water and tend to decrease the 
strength of hydrophobic interactions and result in denatur 
ation (Porath et al., Biolechnol Prog 3: 14-21 (1987)). The 
tendency to promote hydrophobic interactions is the same 
tendency which promotes protein precipitation, and thus 
determining the salt concentration which causes a particular 
protein to begin to precipitate is a means of determining an 
appropriate concentration of that salt to use in an HIC col 
umn. 

According to the present invention a ?rst salt and a second 
salt are selected which have differing lyotropic values. This 
combination of salts acts together to increase the dynamic 
capacity of the HIC column for a particular protein. It has 
been found according to the present invention that each salt in 
combination can be provided at a lower concentration that the 
concentration of the salt alone to achieve a higher dynamic 
capacity for a protein compared with the dynamic capacity 
using a single salt. According to the present invention at least 
one salt has a buffering capacity at the desired pH. 

According to the present invention, the appropriate con 
centrations of the salts are determined for a particular protein 
by generating precipitation curves for individual salts, then 
for combined salts. On the basis of individual salt precipita 
tion curves, precipitation curves for combinations of salts are 
generated by holding one salt concentration constant, and 
varying the concentration of the second salt. Then the con 
centration of the second salt is held constant, and the concen 
tration of the ?rst salt is varied. From these two-salt precipi 
tation curves, concentrations of salts useful for increasing the 
dynamic capacity of an HIC column can be determined. This 
is demonstrated in Examples 1 and 2 below, in which the 
concentrations of two salt combinations are determined using 
precipitation curves for each particular protein. In addition, 
the salt concentrations can be optimized to in order to confer 
additional stability on a protein at room temperature, for 
example, or to limit aggregate formation. Therefore, the 
present invention further provides a method of maximiZing 
the dynamic capacity of a hydrophobic interaction chroma 
tography column for a particular protein by selecting a com 
bination of concentrations for a ?rst and second salt having 
different lyotropic values by generating a series of precipita 
tion curves for the salts alone, and then in combination hold 
ing a each salt constant while varying the second. 

The salts of the present invention are selected from those 
having a buffering capacity at the pH at which the protein to 
be puri?ed is stable. In one embodiment, salt combinations 
are chosen with a buffering capacity at between about pH 5 to 
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6 
about 7. These include, for example, citrate, phosphate, and 
acetate, and other mineral acid or organic acid buffers, and 
combinations of these. A second salt is selected from a salt 
which may or may not buffer at the desired pH, and can be 
added to the buffered solution, such as ammonium or sodium 
sulfate. Cations are selected from those which are non-toxic 
and non-denaturing. Preferred cations according to the 
present invention are sodium, potassium, and ammonium, 
with sodium being the most preferred for manufacturing pur 
poses. Preferred salts for purifying proteins according to the 
present invention include combinations of sodium citrate, 
sodium phosphate, sodium acetate, and sodium sulfate. 
The concentration of the salts used according to the present 

invention will depend on the characteristics of the particular 
salts. In one embodiment, the salts are used at concentrations 
from about 0.1 M to about 1.0 M in the ?nal concentration of 
the mixture of salt solution and protein preparation depending 
on the salt and protein, in another embodiment is in the range 
between about 0.3 M and about 0.7 M. The pH of the buffered 
solution may be varied depending on requirements of the 
protein separation. In one embodiment, the pH varies 
between about pH 5 to about pH 7. 

Hydrophobic Interaction Chromatography Column 
The present invention can be used with any type of HIC 

stationary phase. Stationary phases vary in terms of ligand, 
ligand chain length, ligand density, and type of matrix or 
support. Ligands used for HIC include linear chain alkanes 
with and without an amino group, aromatic groups such as 
phenyl and N-alkane ligands including methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl and octyl (QueiroZ et al, supra). 
Many types of HIC columns are available commercially. 
These include, but are not limited to, SEPHAROSETM col 
umns such as Phenyl SEPHAROSETM (Pharmacia LCK Bio 
technology, AB, Sweden), FAST FLOWTM column with low 
or high substitution (Pharmacia LKB Biotechnology, AB, 
Sweden); Octyl SEPHAROSETM High Performance column 
(Pharmacia LKB Biotechnology, AB, Sweden); FRACTO 
GELTM EMD Propyl or FRACTOGELTM, EMD Phenyl col 
umns (E. Merck, Germany); MACRO-PREPTM Methyl or 
MACRO-PREPTM t-Butyl Supports (Bio-Rad, California); 
WP HI-Propyl (C3)TM column (J . T. Baker, New Jersey); and 
TOYOPEARLTM ether, phenyl or butyl columns (TosoHaas, 
Pennsylvania). 

In one embodiment, TOYOPEARLTM BUTYL-M col 
umns have been used for purifying proteins as described in 
Examples 1 and 2. 
The mobile phase of HIC according to the present inven 

tion is the two salt solution. Commercial applications pro 
cesses for purifying large quantities of proteins require that 
the exact ion concentrations of the two salt solution be con 
stant and consistent. Therefore, the adjustment of the dis 
solved salt solution is made with the acid form of the salt, such 
as citric acid mixed with citrate to get an exact ion concen 
tration. The salts of the present invention are all commercially 
available from a number of vendors. At least one salt in the 
two salt solution will have a buffering effect at the pH at 
which the protein to be puri?ed is stable. In one embodiment, 
the buffering capacity of at least one salt is between pH 5 to 
about pH 7 according to the present invention. 
The protocol for using an HIC column according to the 

present invention is generally as follows. The column is ?rst 
regenerated with several column volumes of sodium hydrox 
ide, 0.5 N NaOH, for example, then washed with water. The 
column is then equilibrated with several column volumes of 
equilibration buffer, which is the same buffer containing the 
protein preparation for loading onto the column. The protein 
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preparation is prepared by “conditioning” or mixing with the 
two salt buffered solution. Generally the salt solution is added 
slowly with the protein preparation at a rate of about 1-2% 
volume per minute, to avoid protein destabilization. Next, the 
protein/buffered salt solution mixture is loaded onto the col 
umn, and the column washed with several column volumes of 
equilibrium buffer. The HIC column is then eluted. Elution 
can preferably be accomplished by decreasing the salt con 
centration of the buffer using a salt gradient or isocratic elu 
tion. The gradient or step starts at equilibrium buffer salt 
concentration, and is then reduced as a continuous gradient, 
or as discrete steps of successively lower concentrations. The 
elution generally concludes with washing the column with a 
solution such as a no-salt buffer, such as low ionic strength 
MES buffer, for example. Elution of the subject protein can 
also be accomplished by changing the polarity of the solvent, 
and by adding detergents to the buffer. The protein when 
puri?ed can be dia?ltered or diluted to remove any remaining 
excess salts. 

The method of purifying a protein according to the present 
invention applies to protein preparations at any stage of puri 
?cation. Protein puri?cation of recombinantly produced pro 
teins typically includes ?ltration and/or differential centrifu 
gation to remove cell debris and subcellular fragments, 
followed by separation using a combination of different chro 
matography techniques. 
A wide range of concentrations of protein can be loaded 

onto an HIC column using the two salt system of the present 
invention. The protein preparation to be puri?ed according to 
the present invention may be of any concentration, however 
preferably may be varied from about 0.1 mg/ml to about 100 
mg/ml or more, more preferably between about 2.5 mg/ml to 
about 20 mg/ml in an aqueous solution. As used herein the 
term “protein” is used interchangeably with the term 
“polypeptide” and is considered to be any chain of at least ten 
amino acids or more linked by peptide bonds. As used herein, 
the term “protein preparation” refers to protein in any stage of 
puri?cation in an aqueous solution. The concentration of a 
protein preparation at any stage of puri?cation can be deter 
mined by any suitable method. Such methods are well known 
in the art and include: 1) colorimetric methods such as the 
Lowry assay, the Bradford assay, and the colloidal gold assay; 
2) methods utilizing the UV absorption properties of proteins; 
and 3) visual estimation based on stained protein bands in gels 
relying on comparisonwith protein standards of known quan 
tity on the same gel such as silver staining. See, for example, 
Stoschek Methods in Enzymol. 182:50-68 (1990). 

For the purposes of the present invention a protein is “sub 
stantially similar” to another protein if they are at least 80%, 
preferably at least about 90%, more preferably at least about 
95% identical to each other in amino acid sequence, and 
maintain or alter the biological activity of the unaltered pro 
tein. Amino acid substitutions which are conservative substi 
tutions unlikely to affect biological activity are considered 
identical for the purposes of this invention and include the 
following: Ala for Ser, Val for He, Asp for Glu, Thr for Ser, Ala 
for Gly, Ala for Thr, Ser for Asn, Ala for Val, Ser for Gly, Tyr 
for Phe, Ala for Pro, Lys forArg, Asp forAsn, Leu for He, Leu 
for Val, Ala for Glu, Asp for Gly, and the reverse. (See, for 
example, Neurath et al., The Proteins, Academic Press, New 
York (1979)). 

The method of purifying proteins according to the present 
invention is directed to all types of proteins. The present 
invention is particularly suitable for purifying protein-based 
drugs, also known as biologics. Typically biologics are pro 
duced recombinantly, using procaryotic or eukaryotic expres 
sion systems such as mammalian cells or yeasts, for example. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Recombinant production refers to the production of the 
desired protein by transformed host cell cultures containing a 
vector capable of expressing the desired protein. Methods and 
vectors for creating cells or cell lines capable of expressing 
recombinant proteins are described for example, inAusabel et 
al, eds. Current Protocols in Molecular Biology, (Wiley & 
Sons, New York, 1988, and quarterly updates). 
The method of purifying proteins according to the present 

invention is particularly applicable to antibodies. As used 
herein, the term “antibody” refers to intact antibodies includ 
ing polyclonal antibodies (see, for example Antibodies: A 
Laboratory Manual, Harlow and Lane (eds), Cold Spring 
Harbor Press, (1988)), and monoclonal antibodies (see, for 
example, U.S. Pat. Nos. RE 32,011, 4,902,614, 4,543,439, 
and 4,411,993, and Monoclonal Antibodies: A New Dimen 
sion in BiologicalAnalysis, Plenum Press, Kennett, McKeam 
and Bechtol (eds.) (1980)). As used herein, the term “anti 
body” also refers to a fragment of an antibody such as F(ab), 
F(ab'), F(ab')2, Fv, Fc, and single chain antibodies which are 
produced by recombinant DNA techniques or by enzymatic 
or chemical cleavage of intact antibodies. The term “anti 
body” also refers to bispeci?c or bifunctional antibodies, 
which are an arti?cial hybrid antibody having two different 
heavy/light chain pairs and two different binding sites. Bispe 
ci?c antibodies can be produced by a variety of methods 
including fusion of hybridomas or linking of Fab' fragments. 
(See Songsivilai et al, Clin. Exp. Immunol. 79:315-321 
(1990), Kostelny et al., J. Immunol. 148:1547-1553 (1992)). 
As used herein the term “antibody” also refers to chimeric 
antibodies, that is, antibodies having a human constant anti 
body immunoglobin domain is coupled to one or more non 
human variable antibody immunoglobin domain, or frag 
ments thereof (see, for example, U.S. Pat. No. 5,595,898 and 
Us. Pat. No. 5,693,493). Antibodies also refers to “human 
ized” antibodies (see, for example, U.S. Pat. No. 4,816,567 
and WO 94/10332), minibodies (WO 94/09817), and anti 
bodies produced by transgenic animals, in which a transgenic 
animal containing a proportion of the human antibody pro 
ducing genes but de?cient in the production of endogenous 
antibodies are capable of producing human antibodies (see, 
for example, Mendez et al., Nature Genetics 15:146-156 
(1997), and Us. Pat. No. 6,300,129). The term “antibodies” 
also includes multimeric antibodies, or a higher order com 
plex of proteins such as heterdimeric antibodies. “Antibod 
ies” also includes anti-idiotypic antibodies including anti 
idiotypic antibodies against an antibody targeted to the tumor 
antigen gp72; an antibody against the ganglioside GD3; or an 
antibody against the ganglioside GD2. 
One exemplary antibody capable of being puri?ed accord 

ing to the present invention is an antibody that recognizes the 
epidermal growth factor receptor (EGFR), referred to as “an 
antibody against EGFR” or an “anti-EGFR antibody”, 
described in Us. Pat. No. 6,235,883, which is herein incor 
porated by reference in its entirety. An antibody against 
EGFR includes but is not limited to all variations of the 
antibody as described in Us. Pat. No. 6,235,883. Many other 
antibodies against EGFR are well known in the art, and addi 
tional antibodies can be generated through known and yet to 
be discovered means. A preferred antibody against EGFR is a 
fully human monoclonal antibody capable of inhibiting the 
binding of EGF to the EGF receptor. The puri?cation of an 
antibody against EGFR using a dual salt HIC according to the 
present invention is described herein in Example 1. 

Additional exemplary proteins are three lgG monoclonal 
antibodies having the following designations: mAb1, mAb2, 
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and mAb3. Puri?cation of these monoclonal antibodies 
according to the present invention is described herein in 
Example 2. 

The invention is also particularly applicable to proteins, in 
particular fusion proteins, containing one or more constant 
antibody immunoglobin domains, preferably an Fc domain of 
an antibody. The “Fc domain” refers to the portion of the 
antibody that is responsible for binding to antibody receptors 
on cells. An Fc domain can contain one, two or all of the 
following: the constant heavy 1 domain (CH1), the constant 
heavy 2 domain (CH2), the constant heavy 3 domain (CH3), 
and the hinge region. The Fc domain of the human IgG1, for 
example, contains the C H2 domain, and the C H3 domain and 
hinge region, but not the C H1 domain. See, for example, C. A. 
Hasemann and J. Donald Capra, Immunoglobins: Structure 
and Function, in William E. Paul, ed. Fundamental Immunol 
ogy, Second Edition, 209, 210-218 (1 989). As used herein the 
term “fusion protein” refers to a fusion of all or part of at least 
two proteins made using recombinant DNA technology or by 
other means known in the art. 
An example of an Fc-containing protein capable of being 

puri?ed according to the present invention is tumor necrosis 
factor receptor-Fc fusion protein (TNFR:Fc). As used herein 
the term “TNFR” (tumor necrosis factor receptor) refers to a 
protein having an amino acid sequence that is identical or 
substantially similar to the sequence of a native mammalian 
tumor necrosis factor receptor, or a fragment thereof, such as 
the extracellular domain. Biological activity for the purpose 
of determining substantial similarity is the capacity to bind 
tumor necrosis factor (TNF), to transduce a biological signal 
initiated by TNF binding to a cell, and/or to cross-react with 
anti-TNFR antibodies raised against TNFR. A TNFR may be 
any mammalian TNRF, including murine and human, and are 
describedinU.S. Pat. No. 5,395,760, US. Pat. No. 5,945,397, 
and US. Pat. No. 6,201,105, all ofwhich are herein incorpo 
rated by reference. TNFR:Fc is a fusion protein having all or 
a part of an extracellular domain of any of the TNFR polypep 
tides including the human p55 and p75 TNFR fused to an Fc 
region of an antibody. An exemplary TNFR:Fc is a dimeric 
fusion protein made of the extracellular ligand-binding por 
tion of the human 75 kDa tumor necrosis factor receptor 
linked to the Fc portion of the human IgG1 from natural 
(non-recombinant) sources. The puri?cation of the exem 
plary TNFR:Fc according to the present invention is 
described in Example 2 below. 

Additional proteins capable of being puri?ed according to 
the present invention include differentiation antigens (re 
ferred to as CD proteins) or their ligands or proteins substan 
tially similar to either of these. Such antigens are disclosed in 
Leukocyte Hping VI (Proceedings of the Vlth International 
Workshop and Conference, Kishimoto, Kikutani et al., eds., 
Kobe, Japan, 1996). Similar CD proteins are disclosed in 
subsequent workshops. Examples of such antigens include 
CD27, CD30, CD39, CD40, and ligands thereto (CD27 
ligand, CD30 ligand, etc.). Several of the CD antigens are 
members of the TNF receptor family, which also includes 
4 1 BB ligand and 0X40. The ligands are often members of the 
TNF family, as are 41BB ligand and 0X40 ligand. 
An exemplary ligand capable of being puri?ed according 

to the present invention is a CD40 ligand (CD40L). The native 
mammalian CD40 ligand is a cytokine and type II membrane 
polypeptide, having soluble forms containing the extracellu 
lar region of CD40L or a fragment of it. As used herein, the 
term “CD40L” refers to a protein having an amino acid 
sequence that is identical or substantially similar to the 
sequence of a native mammalian CD40 ligand or a fragment 
thereof, such as the extracellular region. As used herein, the 
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10 
term “CD40 ligand” refers to any mammalian CD40 ligand 
including murine and human forms, as described in US. Pat. 
No. 6,087,329, which is herein incorporated by reference in 
its entirety. Biological activity for the purpose of determining 
substantial similarity is the ability to bind a CD40 receptor. A 
preferred embodiment of a human soluble CD40L is a trim 
eric CD40L fusion protein having a 33 amino acid oligomer 
izing zipper (or “leucine zipper”) in addition to an extracel 
lular region of human CD40L as described in US. Pat. No. 
6,087,329. The 33 amino acid sequence trimerizes spontane 
ously in solution. 

In addition, a number of other proteins are capable of 
puri?ed according to the improved puri?cation methods of 
the present invention include a number of proteins of com 
mercial, economic, pharmacologic, diagnostic, or therapeutic 
value. Such proteins may be monomeric or multimeric. These 
proteins include, but are not limited to, a protein or portion of 
a protein identical to, or substantially similar to, one of the 
following proteins: a ?t3 ligand, erythropoietin, thrombopoi 
etin, calcitonin, Fas ligand, ligand for receptor activator of 
NF-kappa B (RANKL), TNF-related apoptosis-inducing 
ligand (TRAIL), thymic stroma-derived lymphopoietin, 
granulocyte colony stimulating factor, granulocyte-macroph 
age colony stimulating factor, mast cell growth factor, stem 
cell growth factor, epidermal growth factor, RANTES, 
growth hormone, insulin, insulinotropin, insulin-like growth 
factors, parathyroid hormone, interferons, nerve growth fac 
tors, glucagon, interleukins 1 through 18, colony stimulating 
factors, lymphotoxin-[3, tumor necrosis factor, leukemia 
inhibitory factor, oncostatin-M, and various ligands for cell 
surface molecules ELK and Hek (such as the ligands for 
eph-related kinases or LERKS). Descriptions of proteins that 
can be stabilized according to the inventive methods may be 
found in, for example, Human Cytokines: Handbook for 
Basic and Clinical Research, Vol. II (Aggarwal and Gutter 
man, eds. Blackwell Sciences, Cambridge, Mass., 1998); 
Growth Factors: A Practical Approach (McKay and Leigh, 
eds., Oxford University Press Inc., New York, 1993); and The 
Cytokine Handbook (A. W. Thompson, ed., Academic Press, 
San Diego, Calif., 1991). 

Additional proteins capable of being puri?ed according to 
the present invention are receptors for any of the above 
mentioned proteins or proteins substantially similar to such 
receptors or a fragment thereof such as the extracellular 
domains of such receptors. These receptors include, in addi 
tion to both forms of tumor necrosis factor receptor (referred 
to as p55 and p75) already described: interleukin-1 receptors 
(type 1 and 2), interleukin-4 receptor, interleukin-15 receptor, 
interleukin-17 receptor, interleukin-18 receptor, granulocyte 
macrophage colony stimulating factor receptor, granulocyte 
colony stimulating factor receptor, receptors for oncosta 
tin-M and leukemia inhibitory factor, receptor activator of 
NF-kappa B (RANK), receptors for TRAIL, and receptors 
that comprise death domains, such as Fas or apoptosis-induc 
ing receptor (AIR). Proteins of interest also includes antibod 
ies which bind to any of these receptors. 

Proteins of interest capable of being puri?ed according to 
the present invention also include enzymatically active pro 
teins or their ligands. Examples include polypeptides which 
are identical or substantially similar to the following proteins 
or portions of the following proteins or their ligands: metal 
loproteinase-disintegrin family members, various kinases, 
glucocerebrosidase, superoxide dismutase, tissue plasmino 
gen activator, Factor VIII, Factor IX, apolipoprotein E, apo 
lipoprotein A-I, globins, an IL-2 antagonist, alpha-1 antit 
rypsin, TNF-alpha Converting Enzyme, ligands for any of the 
above-mentioned enzymes, and numerous other enzymes and 
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their ligands. Proteins of interest also include antibodies that 
bind to the above-mentioned enzymatically active proteins or 
their ligands. 

Additional proteins of interest capable of being puri?ed 
according to the present invention are conjugates having an 
antibody and a cytotoxic or luminescent substance. Such 
substances include: maytansine derivatives (such as DM1); 
enterotoxins (such as a Staphlyococcal enterotoxin); iodine 
isotopes (such as iodine-125); technium isotopes (such as 
Tc-99m); cyanine ?uorochromes (such as Cy5.5.18); and 
ribosome-inactivating proteins (such as bouganin, gelonin, or 
saporin-S6). Examples of antibodies or antibody/cytotoxin or 
antibody/luminophore conjugates contemplated by the 
invention include those that recognize the following antigens: 
CD2, CD3, CD4, CD8, CD11a, CD14, CD18, CD20, CD22, 
CD23, CD25, CD33, CD40, CD44, CD52, CD80 (B7.1), 
CD86 (B7.2), CD 147,1L-4, lL-5, lL-8, lL-10, lL-2 receptor, 
lL-6 receptor, PDGF-B, VEGF, TGF, TGF-B2, TGF-Bl, 
VEGF receptor, C5 complement, lgE, tumor antigen CA125, 
tumor antigen MUC1, PEM antigen, LCG (which is a gene 
product that is expressed in association with lung cancer), 
HER-2, a tumor-associated glycoprotein TAG-72, the SK-l 
antigen, tumor-associated epitopes that are present in 
elevated levels in the sera of patients with colon and/or pan 
creatic cancer, cancer-associated epitopes or proteins 
expressed on breast, colon, squamous cell, prostate, pancre 
atic, lung, and/or kidney cancer cells and/or on melanoma, 
glioma, or neuroblastoma cells, the necrotic core of a tumor, 
integrin alpha 4 beta 7, the integrin VLA-4, B2 integrins, 
TNF-(x, the adhesion molecule VAP-1, epithelial cell adhe 
sion molecule (EpCAM), intercellular adhesion molecule-3 
(lCAM-3), leukointegrin adhesin, the platelet glycoprotein 
gp llb/llla, cardiac myosin heavy chain, parathyroid hor 
mone, rNAPc2 (which is an inhibitor of factor Vlla-tissue 
factor), MHC I, carcinoembryonic antigen (CEA), alpha 
fetoprotein (AFP), tumor necrosis factor (TNF), CTLA-4 
(which is a cytotoxic T lymphocyte-associated antigen), Fc 
y-l receptor, HLA-DR 10 beta, HLA-DR antigen, L-selectin, 
lFN-y, Respiratory Syncitial Virus, human immunode? 
ciency virus (HIV), hepatitis B virus (HBV), Streptococcus 
mutans, and Staphylococcus aureus. 

The present invention is particularly useful in the context of 
commercial production and puri?cation of proteins, espe 
cially recombinantly produced proteins. By increasing the 
capacity of one step in the overall puri?cation scheme of a 
commercially important protein, the present invention can 
reduce the number of cycles required to purify a batch of 
protein. The present invention therefore increases the ef? 
ciency of protein puri?cation, without reducing the quality of 
the protein product. For large-scale production of commer 
cially important biologics, for example, this represents a sig 
ni?cant savings in cost and time. 

The invention having been described, the following 
examples are offered by way of illustration, and not limita 
tion. 

Example I 

Various combinations of salt solutions were tested for their 
ability to increase the dynamic capacity of an HIC column 
used for purifying an antibody against epidermal growth fac 
tor receptor (antibody against EGFR). 

First the range of effective concentrations for single salts 
(“salts”) and two salt buffers for the antibody against EGFR 
was determined by plotting precipitation curves for single 
salts and their combinations. The following salts were used: 
sodium citrate, sodium phosphate, sodium acetate, and 
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12 
sodium phosphate. All buffers were made by weighing out the 
appropriate chemicals, dissolving at approximately 80% of 
the ?nal volume, and adjusting the pH using 11.2 N HCl or 10 
NaOH to pH 6.0, at room temperature (21 -230 C.), and bring 
ing up to volume. For commercial applications, however, the 
buffered salts are prepared by mixing a salt with its acid form, 
such as sodium citrate with citric acid, to achieve an exact ion 
concentration, rather than adjusting to a pH with other acids 
or bases. 

The antibody preparation used for testing was a partially 
puri?ed eluant from a previous column having a concentra 
tion of approximately 5 mg/ml protein. Precipitation studies 
of this antibody using individual buffers were performed as 
follows: the antibody preparation was mixed with the buffer 
stock to make between 0 and 1 .2 M ?nal concentration of salt. 
The samples incubated for 20 minutes, centrifuged for 10 
minutes at approximately 6000><g, ?ltered, and the supema 
tant assayed for protein. The control sample was diluted with 
water, and its supernatant reading was taken as 100% recov 
ery. A salting out or precipitation curve was generated for the 
antibody by plotting amount of protein in the supernatant 
(percent recovery, compared with the control) versus salt 
molarity. The percent recovery decreased signi?cantly at 
greater than about 0.6 M for sodium citrate, while the percent 
recovery decreased signi?cantly at greater than about 0.8 M 
for sodium phosphate buffer, at greater than about 1.2 M for 
sodium acetate, and at greater than about 0.6 M for sodium 
sulfate. Using this information, a second series of salting out 
curves for two salt combinations was generated in which the 
concentration of the ?rst salt was kept constant, while the 
concentration of the second salt was increased. The precipi 
tation curves were generated by incubating the antibody and 
two salt mixture for twenty minutes and centrifuging as 
described for the single salts solutions. For example, sodium 
citrate was kept at 0.55 M while the concentration of sodium 
phosphate was increased, and the percent recovery of the 
antibody in the supernatant was measured and compared with 
that of the control. The reverse test was also performed keep 
ing 0.4 M sodium phosphate constant while varying the con 
centration of sodium sulfate. The results are shown in FIG. 1A 
through E. These results show that reduced concentrations of 
the salts together compared with a salt alone could precipitate 
the protein. This indicated that reduced concentrations of 
each salt in combination produced equivalent hydrophobic 
effects compared with higher concentrations of each salt 
alone. 
The results of the single and two salt precipitations pro 

vided a range of single and combined salt concentrations for 
the determination of dynamic capacity for an HIC column for 
the antibody against EGFR. The dynamic capacity was deter 
mined according to the following protocol. An approximately 
5 mg/ml antibody preparation was “conditioned” by diluting 
1 :1 with the appropriate buffered salt stock solution (2><). The 
salt stock was added to the antibody preparation at a rate of 
1-2% volume per minute with stirring. Further salt dilution 
was performed as necessary to provide a range of salt con 
centrations, and the mixture of antibody preparation and salt 
buffer was ?ltered on a 0.2 um cellulose ?lter. This mixture 
was the hydrophobic interaction chromatography (HIC) load. 
The HIC column used to determine dynamic capacity for 
single and two salt combinations was a Millipore (Bellerica, 
Mass.) VANTAGE column having 1.1 cm diameter and 
packed to 8.5 mL column volume (CV) (9 cm bed height) 
with TOYOPEARLTM BUTYL 650 M resin (TosoHaas). The 
column was prepared by regenerating with 0.5N sodium 
hydroxide at 180 cm/hr for 3 column volumes (CV), washing 
for 3 CV at 180 cm/hr with water, then equilibrating the 
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column at 180 cm/hr with the appropriate salt buffer or salt 
combination. Then the load mixture was loaded at 90 cm/hr 
and washed at 90 cm/hr with 3 CV of the same salt buffer 
(equilibrium buffer). For determining dynamic capacity, the 
columns were overloaded with protein, so that fractions were 
collected during the loading (“?ow-through”) and washing 
steps. Protein content was determined by absorption at 280 
nm, or by SDS-PAGE gels. The load concentration in mg/ml 
resin at which the % breakthrough is zero is considered to be 
the dynamic capacity of the antibody at that salt concentra 
tion. The dynamic capacity was determined from plotting 
HIC load versus percent breakthrough (BT) (?ow-through 
concentration/ load concentration). 

The antibody was then eluted at 180 cm/hr using a step 
elution or step gradient starting with the equilibrium condi 
tions to a concentration of 0.2 M salt. Fractions were collected 
and SDS-PAGE analysis was performed on 4-20% Tris/Gly 
cine Novex gels using silver stain (Pharmacia One-PlusTM kit) 
to visualize protein bands. 
Two salt concentrations were optionally further modi?ed 

in order to stabilize the monomer antibody preparation at 
room temperature, rather than 4-8° C., and also to minimize 
the formation of aggregates in the antibody sample. For 
example, the dynamic capacity of the column for the antibody 
using 0.4 M sodium phosphate buffer was 43/ml-r (ml-resin); 
the dynamic capacity of 0.35 M sodium phosphate was 40 
mg/ml-r, and the dynamic capacity of 0.3 M sodium phos 
phate was 38 mg/ml-r. However, 25% protein loss was found 
to occur at 0.5 M phosphate at room temperature, while only 
8% loss was found in 0.4 M for up to six days at room 
temperature. In addition, it was found that material that pre 
cipitated out between 0.3M and 0.4 M salt concentrations 
included almost all of the high molecular weight aggregates 
(HMW). 

In addition, the rate at which the salt stock was mixed with 
the antibody preparation in?uenced the stability of the anti 
body. At a rate of 2% volume/minute, only about 2% of the 
antibody was lost as fragments of the monomer, as opposed to 
12% lost at 10% volume/minute. 

The dynamic capacities of the HIC column for the antibody 
against EGFR for the various single and combination salts 
were determined as described above and are shown in Table 1 
below. 

TABLE 1 

Dynamic capacities of antibody against EGFR with four salts and their 
combinations. Only anions are listed; the cations were sodium for 

every salt 

Experimental Conditions Dynamic Capacity (mg/ml-r) 

0.55M Citrate 24 
0.5M Phosphate 12 
0.8M Sulfate 24 
1.2 M Acetate 5 
0.55M Citrate/0.3M Sulfate 30 
0.6M Acetate/0.5M Citrate 29 
0.35M Phosphate/0.6M Citrate 39 
0.6M Acetate/0.7M Sulfate 27 
0.5M Citrate/1 M Acetate 34 
0.5M Sulfate/1 M Acetate 33 
0.4M Phosphate/0.3M Sulfate 15 
0.5M Sulfate/0.3M Citrate 33 
0.5M Sulfate/0.3M Phosphate l7 
0.3M Citrate/0.6M Phosphate 35 

Table 1 shows that the combinations of citrate/sulfate, 
acetate/citrate, phosphate/citrate, acetate/sulfate, citrate/ac 
etate, sulfate/acetate, sulfate/citrate, and citrate/phosphate 
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increased the dynamic capacity of the HIC column for the 
antibody by factors varying from approximately 1.5 to 2 
times or more that of each salt alone. The phosphate/ sulfate 
combination did not increase the dynamic capacity for the 
following reasons: sulfate in combination with phosphate 
resulted in a precipitate, so that lower concentrations of sul 
fate were required to prevent precipitation. These low con 
centrations proved too low to improve dynamic capacity. In 
addition, phosphate and acetate did not prove to be an effec 
tive combination due to the precipitation which resulted when 
the two salts were mixed. 

Example 2 

Using the same procedures as described in Example 1 the 
dynamic capacities of four additional proteins was deter 
mined for the single salts sodium phosphate and sodium 
citrate, and two salt combination 0.55 M sodium citrate with 
phosphate concentration varied. The additional proteins were 
the fusion protein TNFRch described above, and three 
monoclonal antibodies designated mAb 1, mAb2, and mAb3. 
The three monoclonal antibodies were partially puri?ed and 
obtained as eluants from other types of chromatography col 
umns. The TNFRch fusion protein was obtained as a fully 
puri?ed protein. The concentrations of the proteins used was 
between 4-5 mg/ml, for this particular experiment. 

The precipitation curves for sodium citrate and sodium 
phosphate alone were ?rst determined for each protein, and 
then a two salt precipitation curve for 0.55M sodium citrate 
with sodium phosphate varied was determined. The concen 
tration at which each protein begins to precipitate is given in 
Table 2 below. 

TABLE 2 

Salt concentrations at which protein begins to precipitate (taken from 
the precipitation curves.) 

Conc. Sodium Conc. Sodium 
Protein Citrate Phosphate Combination Salt 

mAbl 0.6M 0.9M 0.55M NaCitrate/ 
0.4M Na Phosphate 

mAb2 0.7M 1.1M 0.55M Na Citrate/ 
0.4M Na Phosphate 

mAb3 0.7M 1.0 M 0.55M Na Citrate/ 
0.2M Na Phosphate 

TNFR:Fc 0.55M 1.0 M 0.4M Na Citrate/ 
0.2M Na Phosphate 

It is clear from Table 2 that the combination of salts pre 
cipitated the proteins at lower concentrations compared to the 
concentrations of each salt alone. 
The dynamic capacities of these proteins on TOYOPE 

ARLTM BUTYL 650M (TosoHaas) gels was determined for 
the salt concentrations shown in Table 2, using the same 
procedure described above for the antibody against EGFR. 
The results are given in Table 3 below. 

TABLE 3 

Dynamic capacities under the salt conditions listed in Table 2. 

Protein Na Citrate Na Phosphate Combination 

mAbl 37 20 49 
mAb2 3 6 30 44 
mAb3 21 12 25 
TNFR:Fc 17 18 25 
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Again, it is clear that the combination of salts increased the 
dynamic capacity for all four proteins over that achieved 
using the single salts by 1.5 to 2 times. 

The present invention is not to be limited in scope by the 
speci?c embodiments described herein, which are intended 
as single illustrations of individual aspects of the invention, 
and functionally equivalent methods and components are 
within the scope of the invention. Indeed, various modi?ca 
tions of the invention, in addition to those shown and 
described herein will become apparent to those skilled in the 
art from the foregoing description and accompanying draw 
ings. Such modi?cations are intended to fall within the scope 
of the appended claims. 

What is claimed is: 

1. A process for purifying a protein on a hydrophobic 
interaction chromatography column such that the dynamic 
capacity of the column is increased for that protein compris 
ing mixing a preparation containing the protein with a com 
bination of a ?rst salt and a second salt, loading the mixture 
onto a hydrophobic interaction chromatography column, and 
eluting the protein, wherein the ?rst and second salts are 
citrate and phosphate salts, and wherein the concentration of 
each of the ?rst salt and the second salt in the mixture is 
between about 0.1 M and about 1.0. 

2. The process of claim 1 wherein the pH of the mixture 
loaded onto the column is between about pH 5 and about pH 
7. 

3. The process of claim 1 wherein the column is eluted with 
a solution having a pH between about pH 5 and about pH 7. 
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4. The process of claim 1 wherein the citrate and phosphate 

salts are selected from the group consisting of sodium, potas 
sium and ammonium salts. 

5. The process of claim 1 wherein the protein is a fusion 
protein or an antibody. 

6. The process of claim 1, further comprising diluting the 
protein. 

7. The process of claim 1, further comprising ?ltering the 
protein. 

8. The process of claim 1, further comprising formulating 
the protein. 

9. The process of claim 1, further comprising lyophiliZing 
the protein. 

10. A process of increasing the dynamic capacity of a 
hydrophobic interaction chromatography column for a par 
ticular protein, comprising mixing a preparation containing 
the protein with a combination of a ?rst salt and a second salt, 
and loading the mixture onto a hydrophobic interaction chro 
matography column, wherein the ?rst and second salts are 
citrate and phosphate salts, and wherein the concentration of 
each of the ?rst and second salts in the mixture is between 
about 0.1M and about 1.0 M. 

11. The process of claim 10 wherein the pH of the mixture 
loaded onto the column is between about pH 5 and about pH 
7. 

12. The process of claim 10, wherein the citrate and phos 
phate salts are selected from the group consisting of sodium, 
potassium and ammonium salts. 

13. The process of claim 10 wherein the protein is a fusion 
protein or an antibody. 

* * * * * 
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