PURIFICATION OF CELL CULTURE DERIVED ALPHAI PROTEASE INHIBITOR TECHNICAL FIELD
Described herein are methods for purifying human recombinant cell culture derived alphalprotease
inhibitor (recAlP1) and removing a colored species that co-purifies with the recAlP1 protein.
BACKGROUND Alphaj-proteinase inhibitor (abbreviated herein as A.1PI; also known as alpha-1
protease 10 inhibitor, alpha-1 PI, MI, a-1 PI, aiPI, alpha-1 trypsin inhibitor, alpha’ antitrypsin, alpha-1
antitrypsin, alphalAT, A1A, and MAT, AAT, inter ails), is the major serine protease inhibitor (serpin) in
humanspAdielda-AuR exsed P AlReaRINRskl ProleikwithiesidlasTbR4 being a signal peptide. The
mature protein, consisting of residues 25-418, is a single chain glycoprotein having a molecular weight
of about 51 kD. See Figure 1. While AIPI does not contain any 15 disulfide bonds, the protein is highly
structured With-80%9kthe amino acids residing in eight well-defined a-helices and three large
13-sheets. Three asparagine-linked carbohydrates are found on Asn 70, Asn 107, and Asn 271
(numberegsasivitherfull-reagtie proteif): This'givebuisetganuitipleAlReisoftinms dheiving dgoelectric
points in the range of 4.0 to 5.0. The glycan monosaccharides include N-acetylglucosamin annose,
Galaciost e R e e B S A e R s
mg/mL. gdgkefunctions by protecting cells from proteases involved in clotting and inflammation. AlPI
inhibits trypsin, chymotrypsin, various forms of elastases, skin collagenase, renin, urokinase, and
proteases of polymorphonuclear lymphocytes, among others. AlPI serves as a pseudo-substrate for
these 23 pmxersemnvhich attack the reactive center loop of the AIPI molecule (residues Gly 368-Lys
392) by cleaving the bond between residues Met 358-Ser 359 forming an AlPI-protease complex. This
complex 18 TARIAR FES A RO thePBIG8 Eff cRifiBh. (O of tREridByensbis fles oPAtBIFSto
regulate;tine, actvity, of neutraphil glastase, whigh breaks.dawnrHiereignpiieieinsang injurasmative
tissue present in the lung. In the absence of sufficient quantities of \NCSR P06446v1Page 1 of 32
AIPI, the*BIHE(REE AR  Hovinudg diddde; WhicHndter tihd v4RBITBIRTRROAR: Wﬂ%‘@%&ﬂgﬁ%ﬁ‘i’fage and

emphysgmaif)R s afen puisiedfigrsblacd plasmamBee i rddd: HRtekNos: 6.284,874
6,462,180; 5 6,093,804; 7,879,800; and WO 1998/000154; WO 2002/048176; WO 2010/009388, for

example!gRshaaRisS; rEtdMBIHENR AP (red R EPNEcH B8 exprés4ed Sndspatifiels fiaty @ periety of
sourcesnaits & ol B ERERENOS dudl &73ande Reuld 3 Uik aleh! damlcarion BRligafions

Nos. US 2004/0124143 and US 2007/0218535; PCT Publication Nos. WO 2005/047323 and WO
2018/127988darvd MitHivaki el sPrieb Notuaeed, StihI8SA 87154 78+105182 890}, Wright et al.,

Not. B'%‘?&hﬁ@!% %f—@g’!pcég%%gi)three large B-sheets. Three asparagine-linked carbohydrates are

found on Asn 70, Asn 107, and Asn 271 {numbered as in the full-length protein}. This gives rise
to multiple AIP! isoforms, having iscelectric points in the range of 4.0 tc 5.0. The glycan
monosaccharides include N-acetylglucosamineg, mannose, galactose, fucose, and sialic acid.
20
Normat plasma concentrations of ALPI range from 1.3 to 3.5 mg/mL.  AlPI functions by
protecting cells from proteases involved in clotting and inflammation.  A1P| inhibits trypsin,
chymotrypsin, various forms of elastases, skin collagenase, renin, urokinase, and proteases of
polymorphenuclear lymphocytes, among others. A1PI serves as a pseudo-substrate for these
25  proteases, which attack the reactive center loop of the A1PI molecule (residues Gly 368-Lys
392) by cleaving the bond between residues Met 358-Ser 359 forming an AlPl-protease
compiex. This complex is rapidly removed from the blood circulation. One of the endogenous
roles of ALPI is to reguiate the activity of neutrophii elastase, which breaks down foreign

proteins and injures native tissue present in the lung. In the absence of sufficient quantities of
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Methods for expressing and purifying human recombinant, cell culture derived AlPI for therapeutic use
are described herein. Following purification, the AIPI solution had a yellow or amber color that may be
objectionable to clinicians and/or patients. Methods for diminishing 15the coloration are also described
herein. SUMMARY One embodiment described herein is a method of diminishing an amount of
colorant in a solution comprising cell culture derived alphai proteinase inhibitor (recAlP1) comprising
20incubating the solution comprising recAlP1 with a reducing agent and separating the recAlP1 from

the cologayt, I same:aspests deagihed herein dngeusing agent s pisteing, o PTT, 290 some

aspects described herein, the reducing agent is cysteine. In some aspects described hérein, the
reducinglaggest eoncenthationds from about 1 mM to about 100 mM. In some aspects described
herein, the reducing agent concentration is about 10 mM. In some aspects described herein, the
reducing agent concentration is about 1 mM. 5In some aspects described herein, the reducing
incubatienStepds oariediodtforattione gidrom. See, e.g., U.S. Patent Nos. 6,284,874, 6,462,180;

5 6,093,804; 7,875,800; and WO 1998/000154;, WO 2002/048176; WO 2010/009388, for
example. in addition, recombinant ALIP{ {recA1P!) can be expressed and purified from a variety
of sources. See, e.g., US Patent Nos. 4,931,373 and 5,134,119; U.S. Patent Application
Publications Nos. US 2004/0124143 and US 2007/0218535; PCY Publication Nos. WO
2005/047323 and WO 2010/127939; and Archibald et al,, Proc. Notl. Acod. Sci. USA 87:517&-

10 5182 (1990%; Wright et al., Nat. Biotechnofogy 9: 830 {1991},

Methods for expressing and purifying human recombinant, cell culture derived A1PY for
therapeutic use are described herein. Following purification, the A1P| solution had a yellow or
amber color that may be objectionable to clinicians and/or patients. Methods for diminishing

15 the coloration are alsc described herein.
SUMMARY
One embodiment described herein is @ method of diminishing an amount of colorant in a
solution comprising cell culture derived aipha; proteinase inhibitor (recAlPi} comprising
20 incubating the solution comprising recA1PI with a reducing agent and separating the recA1P
from the colorant.
In some aspects described herein, the reducing agent is cysteine or DTT.

25  insome aspects described herein, the reducing agent is cysteine.

in some aspects described herein, the reducing agent concentration is from about 1 mM to

about 100 m.
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about 1 to about 24 hours. In some aspects described herein, the reducing incubation step is carried
out at a temperature of from about 2 Ito about 60 C. 10 In some aspects described herein, the
reducing agent is 10 mM cysteine and the incubation is carried out overnight at about room
temperature. In some aspects described herein the separating the recAlP1 from the colorant
comprises 15chromatography. In some aspects described herein, the chromatography comprises ion
exchange, hydrophobic interaction, gel filtration, affinity, immunoaffinity, or combinations thereof. 20In
some aspegtiescined: harein b method samprises.eduehg e o cancgnifation. In some
aspects described herein, the iron concentration Is reduced (i.e., lowered) 2-to 100- fold. 25In some
aspects described herein, the iron concentration is reduced e., Iowered 5-to 50 fold. In some aspects
describe;d !})ereln g@& iron Ccr%n%egésr,at%orghlg 10.p dpl\4 oggles C{N_I}ncsé(‘)} ne aspects ¢ s @ed herein, the iron
concentration Is .§L orless. Another emb Entdescribed herein'is a1 me ho of purifying cell
culture derived human AIPI from an aqueous solution comprlsmg recAlPI, comprising: (a) performing a
wra_L}ma&:tlvatlon ste ep.o Qﬁ*’ lu |gn contt%ini ﬁg recAlPI Eb)( gass the Vlrglll)(l actlvated Iutlon
through an CE'RiION ex¢ é%rg':]eer 50 that recAPTBiRdEto the Anioh Sé>(:<%rﬁangoer I%Q utlng recﬂPl from
the anioskexchangesesirtasabiain an anion exchange eluate containing recAlPl; (d) adding a reducing
agent to the anion exchange eluate containing recAlP1 to obtain a reducing solution; (e) incubating the
reducing solution; (f) passing the reducing solution through a hydrophobic interaction chromatography

(HIC) resinsadhab seeAIPsL inads: todhe i Caesingane (@) istig is carried out at a temperature
of from about 2 °C 1o about 60 °C.
10
In some aspects described herein, the reducing agent is 10 mM cysteine and the incubation is

carried out overnight at about room temperature.

In some aspects described herein, the separating the recAlPI from the colorant comprises

15  chromatography.

in some aspects described herein, the chromatography comprises ion exchange, hydrophobic

interaction, gel filtration, affinity, immunoaffinity, or combinations thereof.
20 Insome aspects described herein, the method comprises reducing the iron concentration.

in some aspects described herein, the iron concentration is reduced {i.e., lowered} 2-to 100-

fold.
25  Insome aspects described herein, the iron concentration is reduced (i.e., lowered) 5-to 50-fold.
In some aspects described herein, the iron concentration is 10 uM or less.

In some aspects described herein, the iron concentration is 1 uM or less,
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10recAlP1 from the HIC resin to obtain an HIC eluate that contains recA1131. In some aspects
described herein, the viral inactivation comprises a solvent/detergent incubation. 15In some aspects
described herein the solvent is added in a range of 0.01% to about 0.5%. In some aspects described
herein, the detergent is added from about 0.5% to about 2.0% weight per volume of the resulting
mixture. 20In some aspects described herein, the solvent/detergent incubation comprises adding
about 0.5% polysorbate 20 and about 0.03% tri(n-butyl phosphate) at pH of about 8 and a temperature
of about 30 C. In some aspects described herein, the anion exchanger is a quaternary ammonium
esin. 25 In some aspects described herein, the quaternary ammonium resin is CaptoTM Q. In some
aspects/desttibed hereinthie ratucing rgentis eysteing (CVs): cystearhine fdithiothrerteh @ H);
dithiperythritol (DT%)?'] lutathione (é;SH‘ :2-m ptoethanol _(Z-XIE ; 2- _mercaptoethylamine (2-MEA);
(0. co DO RISt W (PR S St e A0, TR, B, it Ato e Ao
dinuclectigle {NADH);tnicatimeanice adetiibe (thueteoiide:phosphatediNADBR K uoibeomizingtians thereof.
5In5someﬁasnpect§ described herein gsh%iked%ucin agent is c:é/steine rDTT, In some ajg)ects described

xchanger so, that recALPi to the 8%@%?[[3 ‘aﬁ %m% Eﬁ%@&lj % H&ent

hergin, fiéfe ucing=agent is cysteine. n'some ans'ﬁfe‘ce%
concentiation dsciiongabeit 1dMiton100 IMdAMxchange eluate containing recA1Pl; (d} adding a

reducing agent to the anion exchange eluate containing recA1P] to obtain a reducing solution;
(e) incubating the reducing solution; {f) passing the reducing solution through a hydrophobic
interaction chromatography {HIC} resin so that recAlPl binds to the HIC resin; and {g) eluting

10 recAlP!l from the BIC resin to obtain an HIC eluate that contains recA1PL

In some aspects described herein, the viral inactivation comprises a solvent/detergent

incubation.
15 Insome aspects described herein, the solvent is added in a range of 0.01% to about 0.5%.

in some aspects described herein, the detergent is added from about 0.5% to about 2.0%

weight per volume of the resulting mixture.

20 In some aspects described herein, the solvent/detergent incubation comprises adding about
0.5% polysorbate 20 and about 0.03% tri{n-butyl phosphate) at pH of about & and a

temperature of about 30 °C.
In some aspects described herein, the anion exchanger is a guaternary ammaonium resin.
25

In some aspects described herein, the guaternary ammaonium resin is Capto™ Q.

In some aspects described herein, the reducing agent is cysteine (Cys); cysteamine;

dithiothreitol (DTT}; dithicerythritol (DTE); glutathione {GSH); 2-mercaptoethanol (2-ME); 2-
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In some aspects described herein, the reducing agent concentration is about 10 mM. In some aspects
described herein, the reducing agent concentration is about 1 mM. 15 In some aspects described
herein, the reducing incubation step is carried out for about 1 to 24 hours. In some aspects
described herein, the reducing incubation step is carried out from about 2 C to 2060 'C. In some
aspects described herein, the reducing agent is 10 mM cysteine and the incubation is carried out
overnight at about room temperature. 25In some aspects described herein, the HIC resin is Octyl
Sepharosg of LARIDT RN Rame Aspecis deserlRnd barein, (hemetiod campripes ipdycing the
iron concentration. In some aspects described herein the ifon concentration is reduced ﬁ.e.,?éwered)
240 100=fotdbin smine iaspests desdrbed hereilydteildm gohcentranem sieedirced:adjlowered): 5-to
50-fold. 5 Igss%rgg Spect _ggggrr}i]%%gaggfggirg;,ethgfiron concentration is 10 pM or less. In some aspects
describe%hhe?emt e iron concentration Is pm or less. 10Another embodiment described herein is a

method of purifying cell culture derived alphai

5  insome aspects described herein, the reducing agent is cysteine or DTT.
in some aspects described herein, the reducing agent is cysteine.

In some aspects described herein, the reducing agent concentration is from about 1 mM to 100

10 m.
In some aspects described herein, the reducing agent concentration is about 10 mM.

in some aspects described herein, the reducing agent concentration is about 1 mM.

i5
in some aspects described herein, the reducing incubation step is carried out for about 1 to 24
hours,
tn some aspects descriped herein, the reducing incubation step is carried out from about 2 “Cto
20 60 °C.

In some aspects described herein, the reducing agent is 10 mM cysteine and the incubation is

carried out overnight at about room temperature,

25 Insome aspects described herein, the HiC resin is Octyl Sepharose™ or Capto™ Octyl.

In some aspects described herein, the method comprises reducing the iron concentration.
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proteinase inhibitor (recA1PI) comprising incubating a solution comprising recA1PI with a reducing
agent and separating the recA1PI from the reducing agent and the reduced species. In some aspects
described herein, the reducing agent is cyste ne or D | 15 In some aspects described herein, the
reducing agen s cysteine. In some aspects described herein, the reducing agent concentration is from
about 1 mM to about 100 mM. 20 In some aspects described herein, the reducing agent concentration
is about 10 mM. In some aspects described herein, the reducing agent concentration is about 1 mM.

25In some aspects descyibed herein, the incubation step is carried out for a time of about 1 to
anout A T e O e e T & R B S W erature
of from abidut 2 C to about 60 C. In some aspects described herein, the reducing agent is about 10
mM cysteine and the incubation is carried out overnight at about room temperature. 5In some aspects
described herein, the separating the recA1PI from the reducing agent and reduced species comprises

chromatopgaphyis ik seme aspects descrbed hesetantheichromaiagaphy comprisestop®ekahange,
hydrSophobic interaction, gel filtration, affinity, immunoaffinity, or combinations thereof.

In some aspects described herein, the iron concentration is 10 uM or less.
In some aspects described herein, the iron concentration is 1 uM or less.

10 Another embodiment described herein is a method of purifying cell culture derived alpha;
proteinase inhibitor (recAlPl) comprising incubating a solution comprising recA1P! with a

reducing agent and separating the recA1P! from the reducing agent and the reduced species.

In some aspects described herein, the reducing agent is cysteine or DTT.

15
In some aspects described herein, the reducing agent is cysteine.
in sorme aspects described herein, the reducing agent concentration is from about 1 mM to
about 100 mM.

20

i some aspects described herein, the reducing agent concentration is about 10 mM.

in some aspects described herein, the reducing agent concentration is about 1 mM.

25  Insome aspects described herein, the incubation step is carried out for a time of from about 1

to about 24 hours,

In some aspects described herein, the incubation step is carried out at a temperature of from

about 2 °C to ahout 60 °C.
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10 In some aspects described herein, the reduced species comprises iron. In some aspects described
here n the iron concentration is reduced e. lowered) 2-to 100- fold. 15 In some aspects described
herein, the iron concentration is reduced e., lowered) 5-to 50-fold. In some aspects described herein,
the iron concentration is 10 pM or less. 20In some aspects described here n the iron concentration is 1
pM or less. BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 illustrates the primary sequence of
human AIPI and notable modification sites. 25FIGURE 2 shows a flow chart of the purification process
used for purifying recAlP1 that results in a purified recA1PI solution having a yellow color. FIGURE 3
shows a chromatogram of a sample of recAlP1 purified by immunoaffinity chromatography (i.e., ATT
Select resingGE HealthcasectidedSaieneesieFI&aIURE: agbows abbv+Vis specteypeofa sample of
recAlP1 purified by immunoaffinity chromatography (i.e., All Select resin, GE Healthcare Life
Science&)  BFIEURE™S GiowWs A ERTERIatolrah ‘6P LAMPFESf fecAIP L purified by gel filtration (i.e.,
size exclusion) chromatography using SuperdexTM 200 prep grade resin (GE Healthcare Life

Sciences). , _ , _
5 In some aspects described herein, the separating the recAlP! from the reducing agent and

reduced species comprises chromatography.

in some aspects described herein, the chromatography comprises ion exchange, hydrophobic

interaction, gel filtration, affinity, immunocaffinity, or combinations thereof.

10
In some aspects described herein, the reduced species comprises iron.
In some aspects described herein, the iron concentration is reduced (i.e., lowered) 2-to 100-
fold.

15

in some aspects described herein, the iron concentration is reduced {i.e., lowered} 5-to 50-fold.

in some aspects described herein, the iron concentration is 10 pM or fess,

20 insome aspects described herein, the iron concentration is 1 uM or less.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 iHustrates the primary sequence of human AIP! and notable modification sites.

25 FHGURE 2 shows a flow chart of the purification process used for purifying recA1PI that results

in a purified recA1Pi solution having a yellow color.

FIGURE 3 shows a chromatogram of a sample of recAl1P! purified by immunoaffinity

chromatography {i.e., ATT Select resin, GE Healthcare Life Sciences).
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FIGURE 6 shows a UV-Vis spectrum of a sample of recAlP1 purified by gel filtration (i.e., size
10exclusion) chromatography using SuperdexTM 200 prep grade resin (GE Healthcare Life Sciences).
FIGURE 7 shows UV-Vis spectra of three samples of human recombinant, cell culture derived AlPI
having a yellow color. Sample 1 contains 4 M guanidine hydrochloride (Gdn-FICI), sample 2
15contains 50 mM dithiothreitol (D Il ); sample 3 contains both 4 M GdnHCI and 50 mM D | | FIGURE
8 shows a chromatogram of recAlP1 treated with 50 mM OTT and then purified by gel filtration
chromatography. 20FIGURE 9 shows a chromatogram of recAlP1 without DI 1 treatment and then
purified by gel filtration chromatography. FIGURE 10 shows UV-Vis spectra of samples of recAlPI,
recAlP 1ri@aked avithds@ mMUQTTE, apethighlypurifiechptasmasderived AR« 25, FIGURE ditishows
UV-Vis sgectra of samples of recAlPI, recAlP1 treated with 50 mM D | I, and recAlP1 treated with 10

mM OTT "PIEUBEAY UHovid & EhTomatoyram froma" §él fia=abiF thromatography run of 50 mM DI |

in PBS. FIGURE 13 shows a chromatogram from a gel filtration chromatography run of recA1P1
treated 5with 50 mM DTT in PBS. FIGURE 14 shows a chromatogram from a gel filtration
chromatd§iPhy iR 8F Guritied piasma dErR/&arMis) et Wit 1oSANIVDee ) fiftration (i.e., size

exclusion} chromatography using Superdex™ 200 prep grade resin (GE Heaithcare Lfe

Sciences),

FIGURE 6 shows a UV-Vis spectrum of a sample of recAlP! purified by gel filtration {i.e., size
10 exclusion} chromatography using Superdex™ 200 prep grade resin (GE Healthcare [ife

Sciences),

FIGURE 7 shows UV-Vis spectra of three samples of human recombinant, cell culture derived
ALPI having a vellow color. Sample 1 contains 4 M guanidine hydrochloride (Gdn-HC); sample 2
15 contains 50 mM dithiothreite! {DTT}; sample 3 contains both 4 M Gdn-HC and 50 mM DTT.

FIGURE 8 shows a chromatogram of recAlP! treated with 50 mM DTT and then purified by gel

fiftraticn chromatography.

20 FIGURE 9 shows a chromatogram of recA1Pl without DTT treatment and then purified by gel

filtration chromatography.

FIGURE 10 shows UV-Vis spectra of samples of recAlPi, recAlP| treated with 50 mii DTT, and
highly purified, plasma-derived A1PL

25
FIGURE 11 shows UV-Vis spectra of samples of recAl1PL recAlPl treated with 56 mM DTT, and
recALPt treated with 10 mM DTT.
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10FIGURE 15 shows a chromatogram from a gel filtration chromatography column of recAlP1 treated
with 10 mM cysteine. FIGURE 16 shows a flow chart of the revised recA1PI purification procedure
including a cyste ne incubation step. Note that the cysteine incubation can be performed at other steps
in the 15process, such as after hydrophobic interaction chromatography or after passing through the
cation exchange membrane (bold arrows). FIGURE 17 shows a chromatogram of hydrophobic
interaction chromatography on Octyl Sepharosel” with recAIP1 not treated with cysteine. 20 FIGURE

18 showsg r togram of h diro hobic interactign chromatography gn Octyl SepharoseTM with
recAIP\llv‘?cﬁafé)%v[\%r?gg1 t%e%%r%gnctg\f\ﬂfﬁa mm t!c{}{/}g'geé’;n?té-é:i Qtr"ﬂ Eo%zé?ﬁo s"(f\?f\ﬁf% Q&Waangr&AlPl,

recAlP1resated with 10 mM cysteine, or highly 25purified plasma-derived AIPI. DETAILED
DESCRIPTION Described herein are methods for purifying recombinant, cell culture derived
alphai-protease inhibitor and removing a colored species that co-purifies with the recA1P1 protein.

One aspestdeswrineshhereinds asaethodoh puiiyingaiecombinant cefuitirederves human ALPI
from an aqueous solution containing recA1P1. Another method described herein is a method of

dim%ish?ﬁﬁ‘tﬁ%’ﬁ%d?ﬁiéfh%lsa solution of recombinant, cell culture derived A1PI comprising incubating
the recAlP1 solution with a 10reducing agent and separating the recA1P1 from reducing agent and the
colored species. Another method described herein is a method of purifying recombinant, cell culture
derived R Fohfoiisitg heubstiigearederrs sollitie witk urdatrsmphyet ahaussissrativgthe

recAlP1 from the isducing agen@ned thgreduced species.

10 FIGURE 15 shows a chromatogram from a gel filiration chromatography column of recAlPi

reated with 10 mM cysteine.

FIGURE 16 shows a flow chart of the revised recA1P| purification procedure including a cysteine
incubation step. Note that the cysteine incubation can be performed at other steps in the
15 process, such as after hydrophobic interaction chromatography or after passing through the

cation exchange membrane {boid arrows),

FIGURE 17 shows a chromatogram of hydrophobic interaction chromatography on Octyl
Sepharose™ with recA1Pi not treated with cysteine.

20
FIGURE 18 shows a chromatogram of hydrophobic interaction chromatography on Octyl

Sepharose™ with recA1PI following treatment with 10 mM cysteine.

FIGURE 19 shows UV-Vis spectra of recALPl recAlPi treated with 10 mM cysteine, or highly

25  puritied plasma-derived ALPL
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15 EXAMPLES Example 1 Cell Growth and Expression of Human Recombinant A1PlI Summary 20The
expression of recombinant human AIPI begins by culturing human PER.C6(r) cells (Crucell, Leiden,
Netherlands) containing a pAATopST3 plasmid construct for expressing glycosylated human recAlPI.
These cells are capable of producing high yields of glycosylated recAlPI, up to 22 picograms recAlP1
per cell per day (pcd). The PER.C6(r)/recA1P1 culture was taken through a series of scale-up steps
through a 10 L wave bioreactor and a 200 L bioreactor with a 25 target working volume of 150 L. The

culture Ining the recAlP1 was harvested 13-14 days later by centrifugation at 6,000
rpm in z:bl C%eéls'g? g‘é%?ﬁ!uge !geleros Separations, Foxboro, MA) followed by filtration prior to

purificatibesciitiall Feavinand ShakeFlaskinoeulpmedrainHre cell eulture process hegaprwith dhe

Crucel_l% human cells containing a pAATopST3 plasmid construct
R 1€ Finia

thawing ,o& cryovial of PER.C%S
for oxprC I b LG T 6 LT TE TP DL RERL SR HUas RoLBMEt ant alpha, proteass

inhibitor clone, expression, and 5 analyses of the expressed recombinant AlPI are described in WO
2010/127939 and U.S. Patent Application No. 13/138,912, which are incorporated by reference herein
for such YE&CHYS KRS R RAET B TRIB AR REARIEYY thre EENE RRRE trefbfuttet ea Ve 2N

flat-bottomrsihake flask apdbraught to & finplvelume of 15-25 mL of CDM4PERMADbI" basal media
(Hyclone) for a target viable cell density of 0.5 x 106 0.1 x 106 cells/mt. The 125 mL shake flask

(Passage #1) 10 were incubated for 96 4 hours at 90 rpm, 36.5C, 5.0% CO2. The cells were then

transferred tga 290wl Hal-betam-sbake flaskwith artaraehvalime o 400 ml, 2rd ayiable cell
density of 0.5 x 106 0.1 x 106 cells/mL. The 250 mL flat-bottom shake flask (Passage #2) was

incubate@fer 606 Ho G ¢4 H&ﬁ?é_)daﬁiﬁs FPAD SEBOT6:096 GO2: The/célIsspgreothentransferred
to 300k, dlat-bottom ahaks flask with 2 A2pgaLyolume Ak 220. 1 #0d.a yighle gell density of 0.5

Another method described herein is 3 method of purifying recombinant, celi culture derived
A1PIl comprising incubating a recA1PI solution with a reducing agent and separating the recAl1Pi
from the reducing agent and the reduced species.
15
EXAMPLES
Example 1
Cell Growth and Expression of Human Recombinant A1P|
Summary
20 The expression of recombirant human AIPI begins by culturing human PER.CE® cells (Crucell,
Leiden, Metheriands} containing a pAATopST3 plasmid construct for expressing glycosylated
human recAlPl. These cells are capable of producing high vields of glycosylated recAlP, ie.,
up to 22 picograms recAlPt per cell per day (pcd). The PER.CE%/recAlPt culture was taken
through a series of scale-up steps through a 10 L wave bioreactor and a 200 L bioreactor with a
25 target working volume of 150 L. The culture supernatant containing the recA1Pl was harvested
13—-14 days later by centrifugation at 6,000 rpm in a Celeros Centrifuge (Celeros Separations,

Foxboro, MA} followed by filtration prior to purification.
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15 x 106 0.1 x 106 cells/mL. The 500 mL flat-bottom shake flask (Passage 43) was incubated for 72
to 96 hours (4 hours) at 125 rpm, 36.5C, 5.0% COZ2. The cells were then transferredtoa 1 L
flat-bottom shake flask with a target volume of 600 mL and a viable cell density of 0.5 x 106 0.1 x 106
cells/mL. The 1 L flat-bottom shake flask (Passage #4) was incubated for 72 to 96 hours ( 4 hours) at
125 rpm, 36.5C, 5.0% CO2. 20 Wave Bioreactor Inoculum Train The volume from the 1 L shake flask
was transferred to a 10 L Cellbar on a 20/50EH WaveTM Bioreactor (GE Healthcare Life Sciences) to
achieve LWQ ki&%}{S'&’}(@E o'_f 3. i4'9: Lr an r%ixiable cell density of 0.5 x 106 0.1 x 106 cells/mL. The
10 L Cel bag&fwas opera eéatsor 7946498 Holrs 25 (4 hours) at 25 rpm, 7-rocking angle, 0.2 liters per
minute (T dirdiovw sate; 36shegandiS Qe CRRinEhe valumesfronrtrect0 (CLelbag.was transferred
to a 50 L Cellbag(r) on a 20/50EH Wave Bioreactor to achieve a working volume of 22-25 L and a

viable c&fi'HEHRLTE oF BN 408 S0 A% 166 RN THE SON E&IbayiH WAT Shetditd for*F2 18/ 96 hours

(4 hourg)eat22itpR,of reekinganglecBsdpanaisifilew rate:e36e hiang -3 0%-CR%£06: L Bigreactor
The contents of the 50 L Celibag(r) were transferred to the Xcellerex 200 L bioreactor through a sterile

Kleenpakr Es M SR GHAR BT AR IS LY R8s ciRe o 0 CmBiALIdP ik 80V S coMeElh a
minimum amarpi-(Ae0 13 ake PMARERMAbW.basal medis,(Firelene) apdheroperatianalahss.s C,

120 rpm, with a pH in the range of 7.2 0.4 prior to the addition of inoculum. The target working volume
was 1504t @t H'Gidisle it telsin 5108 X0 6deIeATLIONER1GE éelfs/MBThEtrdea BBAkE (an area

of signakrapge MeIRMC ASHRR QLW ¥as 12 0.4 anshineissalved.oxyaen Saoint yyas, 50%. The

pH was maintained by addition of 1. N 150 sodium garbonate or CO2 gas. At 96 hours ( 4 hours),
PerMABFradeddasediadtyptionty was Bddéd as!d duilliolud bhde eauatieke. BeskaP aseagitial working

volygne ig he higkeasiar, e Leermediadas added-2! a dowaaternl 10p:3001¥aimin, The fegd media

was maintained at room temperature during the run and was covered to prevent any degradation by
light. Antifcaphtvas ededatthbsdtaftok thittranagd2vppmant \WWasradded: iv drivateindremignis to

e P LT s S e 200 e,

for 72 to 96 hours {+ 4 hours) at 125 rpm, 36.5°C, 5.0% CO,. The cells were then transferred to
a 500-mi flat-bottom shake flask with 3 target volume of 250 mlL and a viable cell density of 0.5

15 x 10° £ 0.1 x 10° cells/mL. The 500 mi flat-bottom shake flask {Passage #3} was incubated for
72 to 96 hours (+ 4 hours) at 125 rpm, 36.5°C, 5.0% CU;. The cells were then transferred to a 1
L flat-bottom shake flask with a target volume of 600 mL and a viable cell density of 0.5 x 10° +
0.1 x 10° cells/mL. The 1 L flat-bottom shake flask {Passage #4} was incubated for 72 10 96
hours (£ 4 hours} at 125 rpm, 36.5°C, 5.0% COs.

20
Wave Bioreactor fnoculum Train
The voiume from the 1 L shake flask was transferred to a 10 L Ceilhag® on a 20/50EH Waye™
Bioreactor (GE Healthcare Life Sciences) to achieve a working volume of 3.0-4.0 L and a viable
cell density of 0.5 x 10° + 0.1 x 10° cells/mi. The 101 Cellbag® was operated for 72 to 96 hours

25 (+4 hours) at 25 rpm, 7°-rocking angle, 0.2 liters per minute {lpm) air flow rate, 36.5 °C, and
3.0% COy. The volume from the 10 L Cellbag was transferred to a 50 L Cellbag® on a 20/50EH
Wave Bioreactor to achieve a working volume of 22-25 L and a viabie cell density of 0.5 x 10° =
0.1 % 10° cells/mL. The 50 L Cellbag® was operated for 72 to 96 hours {+ 4 hours) at 22 rpm, 7°

rocking angle, 0.3 Ipm air flow rate, 36.5 °C, and 3.0% CO,.
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The material from the 200 L bioreactor was transferred to the Celeros APD-75 1 L bowl at a flow 20
rate of 0.5 Ipm with centrifugation speed of 6,000 rpm (Celeros Separations, Foxboro, MA). The
percent solids value was calculated prior to transfer to determine the number of bowl discharges
needed (the 1 L bowl can hold 1 kg of solids). The centrate (the clarified solution following
centrifugation) was transferred to a Millipore Pilot POD holder that contains two 1.1 m2 AIHC filters at
1 Ipm (EMD Millipore, Billerica, MA). Post depth-filtration, the material was 25filtered through a 0.5/0.2
pm Millipore SHC filter. Example 2 Purification of Human Recombinant AIPI from Cell Culture
Supernatant Summary The purification of recAlP1 begins with a three-hour solvent/detergent
treatmentéor Msaéabtaractivation, The recAlP1 was then captured and eluted from a CaptoTM 0

column (GE Healthca e Life Science, Piscatawa The followin the urification was
contlnueg%ﬁoﬁﬁeﬁéty @@p%a?o%%}?ﬂgco‘ﬂﬁﬁntrw el—ffig B WIS T g\ﬁé/ér@if G alaft8HEE fo enable

5-membyiane:puefication thabhwasfollowee-by nancditration fonadditienabyirabalearanee; bis material
was buffer-exchanged into the final formulation buffer and the protein concentration 10was adjusted to

maKe thefSARUREI B VARPHECiVioH ot C%%Mﬁﬁﬁnghpe?ﬁ%ﬁ'aﬁ‘fel%% HeyRTHerd cBf culture

supernaigetwasaveiohed -the AZBOTeadnandipliguets alkenfor samplingicFhe empgsatdreand pH
set points for this viral inactivation step were 28 C 2 C 15 and a pH of 7.8 0.2. A 100-x stock of the

TNBP/ptigsoisate’ 0 \Wes usedfor ﬂ?@ﬁ@aﬁﬁ%ﬁ%%rébéﬁéélbéﬁ/fﬁ'li)éi‘ﬁﬁsﬁ‘vSCIid)éf’pé@é‘cﬁ‘b%fé%@ 0.06
kg of trign-byyphosphaieINBEL aacwaterfarin %a%%&%\éw@mk&y&aouzarswgmmure This

stock was added to the cell culture supernatant at a 100-fold dilution and the treatment carried out for
2.5 hoursAnvithestiringsTrHecHinalecontantiations Wwete 07Bowforthe palysorbdte2eddit0.08% Yor the

T'\&%P Z0RRNowing ing T NRR{Pglusohate g0 teatment, fhe kel qure SUpematank wag fillgred.

Filtration
added as a daily bolus shot equal to 0.3% of the initial working volume in the bioreactor; the

feed media was added at a flow rate of 100300 mi/min. The feed media was maintained at
room temperature during the run and was covered to prevent any degradation by light
Antifoam was added at the start of the run at 12 ppm and was added in small increments 1o
15  maintain a Toam level in the bioreactor that was 2 inches or less. The 200L bioreactor was

harvested at 308-340 hours (12.8-14.2 days).

Centrifugation and Filtration

The material from the 200 L bioreactor was transferred to the Celeros APD-75 1 L bowl! at a flow
20 rate of 0.5 lpm with centrifugation speed of 6,000 rpm (Celeros Separations, Foxbore, MA). The

percent solids value was calculated prior to transfer to determine the number of bowl

discharges needed (the 1 L bowl can hold 1 kg of solids}. The centrate (the clarified solution

following centrifugation) was transferred to a Millipore Pilot POD holder that contains twe 1.1

m’ ALTHC filters at 1 lom (EMD Millipore, Billerica, MAJ. Post depth-filtration, the material was
25 filtered through a 0.5/0.2 um Millipore SHC fiiter.
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A Cuno 1207A Filter Disc 3M, St. Paul, MN) was rinsed with hot water for injection (HWFI) at not more
than 1 L/min for at least 10-minutes. This was followed by a rinse with cold water for 25 injection
(CWFI) of not less than 2 L and finally air dried at 20 psi. The TNBP/polysorbate 20- treated cell
culture supernatant was passed through this filter using an air pressure not less than 20 psi and a flow,
no greater than 1 L/minute Aliquots were taken for sampling and retains. Anion Exchange
Chromatography This step serves to capture recAlP1 and eliminate host cell proteins (HCPs) in the
flow-thrqQugh. 'IA‘ %0 cm inner diameter x 14 cm bed height column was used (10 L bed volume). The pH
ofthe T %glysorbate 20-treated cell culture supernatant was adjusted back to 7.0 0.1. The 5
conductiuityfiokthwn soNentidatergenidealietbstpet Talackpier sopeahamantoading was measured. The
amount of ambient WFI diluent was determined to ensure that the conductivity was no higher than 4
mS/cm dURREEIumn loading with inline dilution. The Unicorn program (GE Healthcare Life Sciences)
was userhto gunrtheiS-aptolvh i cokimi (G 10 Healthcare e piencge) and thednletdings of the

chromatography system were placed in the appropriate buffer tanks. A Durapore 0.3 pm in-line filter

(MifiporEPfiae ¥rangEReidr ehidty WAt oMalo GRRBHG LR ATk Eaptt QP c ORI WascrererUifibrated
with 1 coltmpcedume {GaR-ef B2 M glacialacaticapidialowed hy sauilibrationwithRikiés gf,20 mM

Na2HPO4, pH 6.0. The cell culture supernatant was loaded onto the Captorm Q column by in-line

dilution ﬁntr@m&éﬁpi_‘a{fbﬁefﬁ'é@wmwﬁn *ﬁﬁee&m@m@gﬂa‘@ﬁyw@ Wﬁé%@ﬁ'ﬁﬁéﬁrﬁécﬁt@bérﬁ;rm the
loading at.a.condugtivityRetmere fhan. 4 meicH ﬁgﬁokm%éw%J%&%m‘oﬁgpml%m%i(@adﬂng was

followed by a brief chase with WFI. The column was washed with 8 CV of wash buffer (20 mM
Na2HP 04t 2teimkaNadE peke18)gsionto the BW revstulilbration’evitn 20ha Rt Nel2PHPO@4n pkti6r0. Elution

waﬁ}acc‘ggg%@&qgm%gg t%&Cf}{r%EﬂQ{SQ%Eﬂ‘?””Q in 25 mM Na2HPO4, 200 mM NaCl, pH 20 7.0 or

by a step-wise increase in NaCl concentration. The single elution peak of recAlP1 was collected
beginning at 4 CV into the gradient and collection ends with a UV-watch gate of 0.10 AU. The elution
fraction yias F"aa?{f‘égﬁq {{6')[) }e&sq ﬁnd rgtalned L-cysteine was added to the eluate pool at a

concentration 0 and allowed to- %&"Silae"rtnight at room temperature. 25Hydrophobic Interaction

Chromatography tisiag Octy| Sephatosenmatkit A A4Sz iadetdiameten s, A emabecohetght cotumn (15 L

bed volume) Octyl Sepharoserm 4 FF hydrophobic. interaction chromatography (HIC) column (GE
FioalthoSTE PR L eP WAL B PGS &0 UFFHE LECHBAAOh GO (35 it NASHPOA,

0.1 Nakd alp¥sohMyamnoonivm sulfaies i ARy . TNE® L aRte Qaeduatevconiaining AbR1andGysteine
was loaded by o _
prepated by mixing 0.5 kg of polysorbate 20, 0.06 kg of tri-(n-butyliphosphate (TNBP), and
water for injection (WFi} to make up & liter of the mixture. This stock was added to the cell
culture supernatant at a 100-fold dilution and the treatment carried out for 2.5 hours with
stirring. The final concentrations were 0.5% for the polysorbate 20 and 0.03% for the TNBD,

20 Following the TNBP/polysorbate 20 treatment, the cell culture supernatant was filtered.

Filtration

A Cuno 120ZA Filter Disc (3M, St. Paul, MN) was rinsed with hot water for injection (HWF!) at

not more than 1 L/min for at feast 16-minutes. This was followed by a rinse with cold water for
25  injection (CWF1) of not less than 2 L and finally air dried at 20 psi. The TNBP/polysorbate 20-

treated cell culture supernatant was passed through this filter using an air pressure not less

than 20 psi and a flow, no greater than 1 L/minute. Aliguots were taken for sampling and

retains,
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inline dilution with the octyl dilution buffer (25 mM Na2HPO4, 0.1 M NaCl, 3 M (NH4)2504, pH 7.0) at a
flow rate of 150 cm/h to achieve a final concentration of 1.75 M (NH8)2504 in the loading material.
Following loading, the column was washed with 5 CV of the HIC equilibration buffer. Elution was
accomplished with a reverse salt gradient from the 1.75 M ammonium 5 sulfate in the wash buffer to
the elution buffer (20 mM Na2HPO4, pH 6.0) over 10 CV. UV absorbance watch commands of 0.05
AU on the front and 0.10 AU on the tail were used to collect the eluate pool. Ultrafiltration and
Diafiltration of the H1C Eluate 10Three 30 kDa molecular weight cut off (MWCO) 0.1 rn'7 membranes
were fluéﬁéod'\fﬁﬁ%wgi SRRMBEREERNY the pH of the permeate and retentate were between Sand 7.

The feedipresspiremas set foadasget of 25 (1ginacange ©f 24de28) psigwhile-theputles pressure
was set to 5 psig (e.g., a range of 4 to 8 psig). The system was equilibrated with 1-2 L of the HIC

elution Buffer oI M6t IR EEN 1 MTh ST SfHY FREBILLES WAl Mikbdshertie temperatifé haintained

15 at 15rR31Fp dines RN eate valime wasmaenitorech and:the: UEdvas stepped when.the copgcentration
has reached an A280 target of 30. Following the reduction in the volume of the feed, diafiltration was

perform&eNitH 6 diatolthiReSO(ERPY/ GE tRE RALIB R el IRRIBA BRI (@0 MY NCatiate, wH 5.4).
The A28Q0t theyrefeptate was cheekad t0enaUEadhiat ik was=30 and.heJalentate was digined into a

clean vessel. Two 11 volumes of cation equilibration 20 buffer were each recirculated with a feed
pressuré'af 10 highpsidortnotlessitha sobimates dngevihdeing it dombined with the retentate.
Cation Exchange Chromatography using an S membrane A Sartobind(r) S-membrane single use
capsule (Sartorius, Gottingen, Germany) with a membrane 25 surface area of 2500 crn2 was
equilibrated Wittpthep tztion égtitibrétioar buffers(ld mM sedisericitrate dikycthate,' gHc6l4)rensifring that
the conductivity of the effluent was not more than 4 ms/cm. The UF/DF-treated HIC eluate was loaded
ot e B S e B e B e R T here Tt ot
equilibratigndpuitier bntikthe k280 vilasapotranoeetham-Ork Alde Theiflourdhrotugthwas ¢ he cteehand

adjusted to pH,7.0_0.1. Nangofiltration, Nanofiltration was performed ysing a Viresolye NFP (0.085
R ViaNie ] FrF NP LT o EriSaN T ) L GlARY pFRLCTe i o

rn2; Millipore) wi VitgsolVe OH Was B

pressurefa@n &t yetimere: than oo bpstdThe: panbfiterwasrinsedanith daunb0Arol, yelgroesf cation
equilibration buffer. Final Ultrafiltration/Diafiltration A 10 kDa MWCO membrane with a 0.3 m2
membralffé SY8H ALY 7 tife St P Hofger Capto™ Q column by in-line dilution with water

15 for injection (WFl}. The chromatography skid was programmed to perform the loading at a
conductivity not more than 4 mS/cm at a linear flow rate of 300 cm/h. The Ioading was
followed by a brief chase with WFI. The column was washed with 8 CV of wash buffer (20 m
Na,HPO,, 20 mM Nall pH 6.0) pricr to a 2 CV re-equilibration with 20 miM Na,HPO., pH 6.0.
Elution was accomplished using an 8 CV gradient ending in 25 mM Na,HPO,, 200 mM NaCl, pH

20 7.0 or by a step-wise increase in NaCl concentration. The single elution peak of recAlPl was
collected beginning at 4 CV into the gradient and collection ends with a UV-watch gate of 0.10
AU. The elution fraction was sampied for testing and retained. t-cysteine was added to the

eluate poof at a concentration of 10 mM and allowed to mix overnight at room temperature,

25  Hydrophobic interaction Chromatography using Octyl Sepharose™ FF
A 45 cm inner diameter x 9 cm bed height column {15 L bed volume} Octyl Sepharose™ 4 FF
hydrophobic interaction chromatography {(HIC) column (GE Healthcare Life Sciences) was
equilibrated with 8 CV of HIC equilibration buffer (25 mM Na;HPO,, 0.1 M NaCl, 1.75 M

ammonium sulfate, pH 7.0}, The Capto Q eluate containing A1PI and cysteine was {oaded by
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and membrane were flushed with WEI at 40-50 T until the pH of the permeate and retentate 10 was
between 5 and 7. The feed pressure was set to a target of 25 psig (range of 24 to 28 psi) while the
outlet pressure was set to 5 psig (range of 4 to 8 psi). The system was equilibrated with 1-2 L of 20
mM Na7HPO4, pH 7.0 for not less than 10 minutes. The nanofiltrate was mixed well and the
temperature maintained at 15-25 C. The permeate was checked periodically for loss of recA1PI by
measuring its absorbance at 280 nm (i.e., A280) which should be < 0.04. If this 15 value was
exceeded, the UF/DF W%séstopped. The permeate volume was monitored and the UF was stopped

when th& EBndeRiARSH haLerSah 84 UL A BHBFaR HY- 882 FitoWind e Fedt MidN i th8vBltime of

the feed; djafiltsation was perfosnaegiwith 2ot thediafilration: bufier (26 nMiNa2kb 04,120 mM
NaCl, pH 7.0). The A280 of the retentate was checked to ensure that it was 30 and the retentate was

drained 'O AR FsSal OB ARIG IR 51° 26 BIaRIAL SR Dlsder ihsd-Wak €alEifred Wt when

added tg the retapiate wull sessiiinsadingl gonceniation el,pQiRbiMYMtENISAHNGE MAMME WS
divided in half and each volume was recirculated with a feed pressure of not more than 20 psig for 3-5

minttes:Eerifisee werd CSiBinedtifits the rebeffetd22 55tbrays fithe e8rfcBhiuted Bk re€¥mbinant
AIPI wagsterile. fitered intg Flexel,Pagss (%8 SRR PR & 1d G prigretexfingl filling., the

recAlP1 produced by the method described above was found to have a marked yellow color. The
identity &9tee Yetiewaspeeirls was unknown. Although the recA1PI was highly pure and active, removal
of the yellow colorant was desired for aesthetic reasons. 5Example 3 Immunoaffinity Chromatography
with Alpha-1 Antitrypsin Select Resin An AlPI-specific immunoaffinity column was performed to
determibiétiefisthtptrrngdiefilspeciesf cbeldib&lseirarated from the purified recAlPI. A 1.6 cm inner

diameter,x 10 ed height column (2 | lume) of Alpha-1 Antitrypsin Sel esin
A s P e R L S e R TR R e he
column Was@iuilioibted withf 20:mdinTeisdHGH pitk FidtcApprokimeadely 2008 Mg TofereeAl Ble atut® mg/mL

loaded onto this col t 5 mL/minute. Th , washed with 20 mM TrisHCI, pH 7.4,
100 oA 478 CRGH Gt S0 TR D78 B [Gse 45 EAAETORE e

collectedsipgeg anpegk dfactiompapn). The:fraciensvundgniheelutianipeak wererHoaled:rRAG:
15concentrated using Amicon UltraCell" 30 kDa MWCO concentrators (EMD Millipore, Billerica, MA).

A UV-VRUESEEAMNRRS HEGUREE O the B SHEEtPARetPSaMiisie 2nd the temperature maintained

15  at 15-25 °C. The permeate volume was monitored and the UF was stopped when the
concentration has reached an fAggy target of 30, Following the reduction in the volume of the
feed, diafiltraticn was performed with 6 diavoiumes [(DV) of the cation equilibration buffer (10
mM sodium citrate, pH 5.4}, The Asg of the retentate was checked to ensure that it was £ 30
and the retentate was drained into a clean vessel. Two 1-L volumes of cation equilibration
20 buffer were each recirculated with a feed pressure of 1015 psig for not less than 5 minutes.

The rinses were combined with the retentate,

Cation Exchange Chromatography using an S membrane

A Sartobind® S-membrane single use capsule (Sartorius, Gottingen, Germany} with 2 membrane
25  surface area of 2500 cm’ was equilibrated with the cation equilibration buffer {10 miv sodium

citrate dihydrate, pH 5.4} ensuring that the conductivity of the effiuent was not more than 4

mS/cm. The UF/DF-treated HIC eluate was loaded onto the S-membrane at 25 L/h using a

peristaitic pump and subsequently washed with cation equilibration buffer until the Assn was

not more than 0.1 AU, The flow-through was collected and adjusted topH 7.0+ 0.1
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The eluate, following concentration, was distinctly yellow in color. When analyzed by UV-Vis
spectroscopy (see Figure 4), the spectrum was very similar to that seen for recAlP1 prior to 20running
the immunoaffinity column. The conclusion from this result was that immuno-affinity chromatography
was ineffective at separating the yellow color from recAlPIl. Example 4 Gel Filtration Chromatography
with Superder 200 Resin 25A gel filtration experiment (aka size exclusion chromatography SEC) was
also attempted to remove the yellow species from recAlPI. A 1.6 cm inner diameter x 90 cm column
(bed volume of 181 mL) of Superdex’ 200 prep grade resin was packed (GE Healthcare Life
Sciences). The column was equilibrated with phosphate buffered saline (PBS; 12 mM phosphates, pH
7.4 137 nahdiagitod. 7 mM KCI). recAlP1 was loaded at 5% of the column volume (9 mL) and run at 2
mLiminute (60 cm/h). Fractions of 12 mL volume were collected for analysis. The chromatogram for

this colUMiATE ERERM W?%Z%F‘é*’%‘.eﬁlt%@g%ﬂﬁé%ﬁ I‘éf’f@d%%%ﬂfpf‘;"&“@é@lifﬁééﬁ%ﬁé‘féﬁé’éﬁled,
possiblyseyying tmsaturatienpfihe WV getestornT befractions undetthis peak wareanalyzed by

UV-Vis spectrophotometry (Figure 6). The recAlP fractions were visibly yellow and the UV-Vis spectra
of tReseffractivneitbesitmimr tocthat brite ROSdig M’ Bacsramylr e yerfiRfation column did
not remove the yellow color from recAlPIl. 10Example 5 Denaturant and Reducing Agent Analyses

Final Ultrafiltration/Diafiltration
A 10 kba MWCO membrane with a 0.3 m’ membrane area was used in this step. The holder
and membrane were flushed with WF at 40-50 °C until the pH of the permeate and retentate
10 was between 5 and 7. The feed pressure was set £o a target of 25 psig (range of 24 to 28 psi)
while the outlet pressure was set to 5 psig {range of 4 to 8 psi). The system was equilibrated
with 12 L of 20 mM Na,HPQO4, pH 7.0 for not less than 10 minutes. The nanofiltrate was mixed
well and the temperature maintained at 15-25 °C. The permeate was checked periodically for
loss of recA1P| by measuring its absorbance at 280 nm (i.e., Az} which should be < 0.04. If this
15  value was exceeded, the UF/DF was stopped. The permeate volume was monitored and the UF
was stopped when the concentration has reached an Agsg target of ~30. Following the
reduction in the volume of the feed, diafiltration was performed with 5 DV of the diafiltration
buffer {20 mM NaHPQ4, 120 mM NaCl, pH 7.0). The Az of the retentate was checked to
ensure that it was <€ 30 and the retentate was drained into a clean vessel. The amount of
20 diafiltration buffer rinse was calculated which, when added to the retentate, will result in a final
concentration of 50-56 mg/mb. This rinse volume was divided in half and each volume was
racirculated with a feed pressure of not more than 20 psig for 3-5 minutes, The rinses were

combined with the retentate.
25  Storage

The concentrated buik recombinant ALPI was sterile filtered into Flexel® bags (Sartorius) and

stored at =70 °C, prior to final filling.
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Because immunoaffinity and gel filtration chromatography were not successful in removing the yellow
color from recAlP1 the use of denaturants and/or reducing agents were sought as potential means for
removing or diminishing the yellow color. 15 Approximately 1 mL of the recAlP1 was mixed with 8 M
guanidine hydrochloride or 500 mM DTT to achieve final concentrations of 4 M guanidine
hydrochloride or 50 mM DTT, respectively. A third sample was mixed with both reagents. The samples
were incubated at 50 C for approximately 2 h and individually passed through PD-10 desalting
columns (GE Healthcare Life 20Sciences). The flow-through from these columns was collected by

centrifug3fidf A1 860X G fob's Nt E o6 FaribRfs MG MBI 8 Hob Hels it iririifsh and this

was reflegted imtheddVnYis spectium of dbisssamplecttigurealisdle 8Q:mMabh | reatedsample was
lighter yellow 25 compared with the guanidine hydrochloride treated sample. This sample did not have
the spelftaPSigiTatGra e 4es i that WS eharR RstiRANG GESEIVEUTor tRe recAIP1 (Figure 7). The
sample treated with the combination of guanidine and DTT was nearly colorless and missing in the
spectral features in the 300-400 nm range. The fact that both the guanidine hydrochloride and the D |
were reﬁﬁﬁl‘"@ﬂ*f—‘ogdiminish the yellow color may indicate that the yellow colored species is covalently

bound tg{ReAEHHRGERIERaeBE S QR RAGL{2Eh FAHERIAN fr REpLRARGrRPhY Additional experiments

were performed to follow-up on the DTT reduction and gel filtration chromatography done with the
PD-10 dolufriiésrefigotnmereaiarito cgeranongemesiarmmetotachidvertitterredsiutiba ot DI

I-treate mpl r qyang ce °1 for an lysis. 1 L6, inner
diam etgrég%Pc%?&ggagé%%g%?ﬁ? gg)?ugn&r?#v% l? rélge%?c%ﬁdlugn%%(;%gujgé%a?x %%560 g}@ P ggﬁ resin
was prepasetl (GErHealtheareckifer8cishees). Fdtelinfntitaspire-Edquitibrated Avith¥eBS: cGiitaining 5

mM.DTT. ample of recAIP1 in a.volume, of 9 mL was tre ith DI | at a concentration of 50 mM
g e ICah it b i A S G EH Pt sy ot
5% of theycbhrmadvelitimiantt thés calymin was agprak2nmbirinatedad crofhp Gonstapivolume

fractions of 14.5 mL, were collected for analysis. Appropriate fractions were pooled ang concentrated
pack 10 SBETOATY 80 o)L G RNToor OHACUT A ALPRESE P/ BB ESHebrbioie
(Milliporejo Asontol sampledhatias nottreated with DI T wasalsedurignde) ideaticahcongitions
collected based on peak fractionation. The fractions under the elution peak were pooled and
15 concentrated using Amicon UltraCel™ 30 kDa MWCO concentrators {EMD Millipore, Bilierica,

MAL A UV-Vis spectrum was acquired from the concentrated sample.

The eluate, following concentration, was distinctly yellow in color. When analyzed by UV-Vis
spectroscopy {see Figure 4}, the spectrum was very similar to that seen for recAlP| prior to
20 running the immunocaffinity column. The conclusion from this result was that immuno-affinity

chromatography was ineffective at separating the yellow color from recA1PI

Example 4
Gel Filtration Chromatography with Superdex™ 200 Resin

25 A gel filtration experiment (gka size exclusion chromatography; SEC) was also attempted to
remove the yellow species from recA1Pl. A 1.6 cm inner diameter x 90 cm column {bed volume
of 181 mt} of Superdex™ 200 prep grade resin was packed (GE Heaithcare Life Sciences). The

column was equilibrated with phosphate buffered saline (PBS; 12 mM phosphates, pH 7.4, 137
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20 The chromatogram for the 50 mM DTT treated sample is shown in Figure 8 and the control sample
is shown in Figure 9. There is a distinct smaller, second peak that was seen in the SEC run with the
DDT-treated sample. Fractions B1-B3, containing the recAlP1 were pooled and concentrated to
approximately 50 mg/mL using a 30 kDa MWCO spin concentrator. The 25 concentrated sample was
analyzed by UV-Vis spectrophotometry. The UV-Vis spectra shown in Figure 10, reveals that the
characteristic signature of the yellow starting material, recA1PlI, is significantly diminished in the

concentrate fro r d, gel filtration elyate. Highly purified, plasma-derived human AIPI was
et a5 b e o Eb e A A WHBCR GFfodel BoREbA oS of DTT
were analyzed:hy (poubatingrrecAdRIawvith DT o purifyingLhelsaraple usiag gel filtration

chromatography, and then obtaining the L1V-Vis spectra 5 of the concentrated purified samples. A 1.6
cm inner diameter x 90 cm bed height (181 mL column volume) column of Superdexim 200 prep grade

resin wassiseebtakobtealthoanaslife priences) il isigahensn was-nee-earilfyatedwith-PBS cgntaining
5 mM DI. The recAlP1 in a volume of 9 mL was treated with DTT at the appropriate concentration at

amBientimpfEattite CHRMRGNBOTHRY SXY Ho s EREER ‘8906 iR CoRaiAt0bIuE Rt e cBRfhn was
10 run ah2 pdmipse 00500, Gonstapkvalme:iretiongelild ) minwerespliested ApRiapriate

fractions were pooled and concentrated back to approximately 50 mg/mL using 30 kDa MWCO spin
concentr&tbls yeiPMe WY-\ig Sedtarsictive shifigresitreaiet Wishel O HRr DY LaMdSbdimMoBdmEshows

that the 1,0, 3mM RITicencantration is.as eligaivaias 20 mMRTH. tan diminishing ihe haacteristic

spectral signature of the yellow colored recAlP1 (Figure 11). Example 8 Bioanalytical Analysis on
DTT-treated, Gel Filtration-Purified recAIP1 20MALDI TOF Analysis

10 Examgple 5
Denaturant and Reducing Agent Analyses
Because immunocaffinity and gel filtration chromatography were not successful in removing the
yellow color from recAlP! the use of denaturants and/cr reducing agents were sought as
potential means for removing or diminishing the yellow color.
15
Approximately 1 mt of the recAlP| was mixed with 8 M guanidine hydrochioride or 500 mii
DTT to achieve final concentrations of 4 M guanidine hydrochleride or 50 mM DTT, respectively,
A third sample was mixed with both reagents. The samples were incubated at 50 °C for
approximately 2 h and individually passed through PD-10 desaiting columns {GE Healthcare Life
20 Sciences). The flow-through from these columns was collected by centrifugation at 1,000 x g

for 5 minutes.

Guanidine hydrochioride did not help with diminution and this was refiected in the UV-Vis
spectrum of this sample (Figure 7). The 50 mM DTT treated sample was fighter veliow
25  compared with the guanidine hydrochloride treated sample. This sample did not have the
spectral signature at 405 nm that was characteristically observed for the recAlPl (Figure 7).
The sample treated with the combination of guanidine and DTT was nearly colorless and

missing in the spectral features in the 300-400 nm range. The fact that both the guanidine
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Matrix-assisted laser desorption/ionization time of flight mass spectrometry experiments were
performed on recAlPIl. The expectation was that the small peaks generated by DI | treatment having a
yellow color might contain a species identifiable by mass spectrometry. However, nothing was
identified in these samples. Matrix effects may have interfered with the ionization 250f molecules in the
100-40,000 Da range. Iron Concentration Iron ions were suspected as a possible source of the yellow
color. Iron is an essential transition metal in cell culture and is added to the upstream cell culture
media as ferric ammonium citrate, Fe(NH4)yC6H1507. Iron analyses showed that a -30-fold reduction

in iron CHATEAREGF e 3060188 HELHEHE ST TerEadRaibcIp YoM (R GBI adicH B ofirhi €@ompared

to the startingdmatenahthathad, 66:uM,ofdren..See-Kigure 13. The yellow species indicated by the
arrow on the chromatogram had -50% of the iron from the loaded amount. 5 Activity Analysis Other

than the main peak fractions, none of the smaller peak fractions had recAlP1 activity. Example 9
10DTT fgehfpitrgtion Analysis A chromatography run was completed with DTT alone in the absence of
recAlP1 to see the chromatographic profile of OTT in the absence of recAlPI. A single peak was
obServ&® et ahand fsh Ribraten Shrormane@dire 12) which corresponds to the last peak, of identical

elution ¥abifPESRLIR- AR LeRE WAL FREAB S SRMRLE: e, raaon.uitha sighthuyalloy spler

15corresponding to the peak indicated by the arrow in Figure 13 is unique to the DTT-treated recAlP1
sampleshapehdsoatisam dethenddnithel #Onl Withionlys DIPeBrahipiee 1Ms to use a longer column to

achieve better resolution of the DTT-treated sample and to process a larger quantity of reduced
recALP! for analysis.

10
A 1.6 crinner diameter x 90 cm bed height (181 ml column volume) column of Superdex™ 200
prep grade resin was prepared (GE Heaithcare Life Sciences). This column was pre-equilibrated
with PBS containing 5 mM DTT. A sample of recA1Pl in a volume of 9 mL was treated with DTT
at a concentration of 50 mM at ambient temperature, overnight. This sample was loaded on

i5  the column: the load constituted 5% of the column volume and the column was run at 2
ml/minute {60 cm/h). Constant-volume fractions of 14.5 mlL were collected for analysis.
Appropriate fractions were pooled and concentrated back to approximately 50 mg/mL using
Amicon UltraCel™ 30 kDa MWCQO spin concentrators (Millipore). A control sample that was not
treated with DTT was also run under identical conditions.

20
The chromatogram for the 50 mM DTT treated sample is shown in Figure 8 and the control
sample is shown in Figure 9. There is a distinct smaller, second peak that was seen in the SEC
run with the DDT-treated sample. Fractions B1-B3, containing the recA1Pl were pooled and
concentrated to approximately 50 mg/mi using a 30 kDa MWCC spin concentrator. The

25  concentrated sample was analyzed by UV-Vis spectrophotometry. The UV-Vis spectra shown in
Figure 10, reveals that the characteristic signature of the yellow starting material, recAl1Pl, is
significantly diminished in the concentrate from the reduced, gel filtration eluate. Highly

purified, plasma-derived human A1Pi was used as a control.
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Treatment of Purified Plasma-Derived AIPI with 10 mM DTT 20A plasma-derived A1P1 product that
has a yellow appearance was tested to determine if treatment with reducing agent would also result in
a similar reduction in the yellow color. A 10 mL aliquot of plasma-derived AlPI at approximately 50
mg/mL was treated with DTT at a final concentration of 10 mM. Gel filtration chromatography on
SuperdexTM 200 prep grade resin was performed as described herein (GE Healthcare Life Sciences).
The chromatogram from the 25run with the Oil-treated plasma-derived AIPI is shown in Figure 14. The
fractionﬁx%orrqu}onding to recAlIP1 under the main peak were pooled and concentrated to 50 mg/mL.
The color of the sample was no different from that of the untreated sample. This indicated that the
source Offydllowerototioh delklgsiture-derived recAlP1 was different from that of the plasma-derived

AP Example L. Sanalysis.of Cystelne as aReducing Agent Cysteine was examined s 0,
alternative reducing agent because cysteine is mexpenswé’ an ryeatﬂfy availabie In dddition, as an
amino agief\cygteineas an agegptalier exsipienirAmexpeimentwascompieiedowheresanaliegiot of
recAIPl(\f\ét s treated with 10 mM cysteine and processed over a gel filtration column. The

chrdmaf 95FTREHGT B LRI BRuré 15° £6TREFaLABIEESHrEL Bh ARG TR ATR I Were
pooled apdsangsoiatedhiand0 snglmbrRysteine pias alariaceeptahle asreducingAgrateExample 12

Color Analysis 15A comparison of the color of samples treated with either DI 1 or cys eine at 10 mM
Sciénces). This column was pre-eguilibrated with PBS containing 5 mM DTT. The recAlPlin a
volume of § mbL was treated with DTT at the appropriate concentration at ambient
temperature, overnight. The load constituted 5% of the column volume and the column was

10 run at 2 ml/minute {60 cm/h).  Constant volume fractions of 14.5 mL were collected.

Appropriate fractions were pooled and concentrated back to approximately 50 mg/mL using 30

kDa MWCO spin concentrators.

The UV-Vis spectra of the samples treated with 10 mM DTT and 50 mM DTT shows that the 10
15  mM DTT concentration is as effective as 50 mM DTT for diminishing the characteristic spectral

signature of the yellow colored recAl1Pi (Figure 11

Example 8
Bioanalytical Analysis on DTT-treated, Ge! Filtration-Purified recA1Pi

20 MALDI TOF Analysis
Matrix-assisted laser desorption/ionization time of flight mass spectrometry experiments were
performed on recAlPl. The expectation was that the small peaks generated by DTT treatment
having a yellow color might contain a species identifiable by mass spectrometry. However,
nothing was identified in these samples. Matrix effects may have interfered with the ionization

25  of molecules in the 100~10,000 Da range.
tron Concentration

fron ions were suspected as a possible source of the vellow color. iron is an essential transition

metal in celi culture and is added to the upstream cell culture media as ferric ammonium
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concentration shows a substantial reduction in yellow color, at comparable protein concentration (-50
mg/ma The Amo/Aios ratio was followed as an indicator of yellowness of a sample, the rationale being
that the absorbance of a solution at 405 nm is a quantitative measure of yellow color. A higher
A280/A405 ratio corresponds to a lighter yellow color of the 20 sample. The significant yellow color of
the untreated sample is largely removed by the treatment with either DI 1 or cysteine. However, the
yellow color removal was not complete and a tinge of yellow remains in the treated samples. The
AzadAtios ratio trilg’ks this trend well and a 3-fold reduction is %ﬁ)'c lly seen following treatment with

|

reducing Hg&rtEHIgHIy-pliied PTadRN G i08Y KIPIE Hradki )I/rec HEPWith HRTASEBFAASY Hatio of

428. 25 RegembinanhCelf Cuituee Redved AIR| Astivity Reeourrytthe dacAIR L astiviydracovery from
experiments with size exclusion chromatography and treatment with reducing agents ranged from

80-1009% {5E&TARIE" P, "FRAIR™ 15 REOMBIRANCEEIN BYEIr derifelP A SRESEHVIRY FEEBUe 8m size

exclusiof glwamatearaphy folawing dreadment with PRT QK CYRISHIRG Sample recAlP1 #4 recAlP1 # 4+
50 mM DI 1 recAlP1# 6 recAlP1# 6 + 50 mM DTT recAlIP1# 6 + 10 mM OTT recAlP114 6 + 10 mM

cyst%ine *The measured activity of >100 % was due to assay-to-assay variability and was interpreted

to meanghalithareswas no loss of activity.

Other than the main peak fractions, none of the smaller peak fractions had recAlP! activity.

Example 9
10 DTT Gel Filtration Analysis
A chromatography run was completed with DTT alone in the absence of recAlPl to see the
chromatographic profile of DTT in the absence of recAlPL A single peak was ohserved with an
elution volume of 201 mL (Figure 12) which corresponds to the last peak, of identical elution
volume, seen in the test run with recA1Pi sample. The fraction with a siightly vellow color
15  corresponding to the peak indicated by the arrow in Figure 13 is unique to the DT7-treated

recAlPisamples and is absent in the control run with only DTT.

Exampile 10
Treatment of Purified Plasma-Derived A1PI with 10 mM DTT

20 A plasma-derived A1P! product that has a yellow appearance was tested 1o determine if
treatment with reducing agent would also result in a similar reduction in the yellow color. A 10
mL aliquot of plasma-derived A1PI at approximately 50 mg/mL was treated with DTT at a finaj
concentration of 10 mM. Gel filiration chromatography on Superdex™ 200 prep grade resin
was performed as described herein (GE Healthcare Life Sciences). The chromatogram from the

25 run with the DT T-treated plasma-derived A1P is shown in Figure 14.

The fractions corresponding to recAlPl under the main peask were pocled and concentrated to

50 mg/mL. The color of the sample was no different from that of the untreated sample. This
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Iron Content The iron concentration of the treated samples was considerably reduced after treatment
with reducing agents and chromatographic purification. Reduced and purified samples were 5
analyzed using inductively coupled plasma atomic absorption spectroscopy (1CP-AA). The extent of
ion concentration reduction ranged from approximately 14-fold for the cysteine treated sample to
27-fold for the 10 mM DTT-treated sample (Table 2) when compared to the untreated samples. Table
2: Iron concentration of AIPI samples from size exclusion chromatography following treatment with

DTT or %@teiggt %mEIeI%oQCCo?cthratiop ’(MMgﬁecﬁleéL_#@gA g%%ALI?%U# 4+§f OemNLD 1130

recAIP1F 812 6 rEAP12%6 10 MM B TT6 5 récAPI# 63720 mCM cyslteine % e rr%@lé 13 Revised

recAlP loPthfication-Peagedurs’i Reducing Agent Addition and Incubation following Anion Exchange

Chromatography
Example 11

5 Analysis of Cysteine as a Reducing Agent
Cysteine was examined as an alternative reducing agent because cysteine is inexpensive and
readily available. In addition, as an amino acid, cysteine is an acceptable excipient. An
experiment was completed where an aliquot of recAlP| was treated with 10 mM cysteine and
processed over a gel filtration column, The chromatogram for the run is shown in Figure 15.
10 The fractions corresponding to recAlP! were pooled and concentrated to 50 mg/mL. Cysteine

was alsc acceptable as reducing agent.

Example 12
Color Analysis

i5 A comparison of the color of samples treated with either DTT or cysteine at 10 mM
concentration shows a substantial reduction in yellow color, at comparable protein
concentration (~50 mg/mL). The Asge/Asns ratio was followed as an indicator of yellowness of a
sample, the rationale being that the absorbance of a solution at 405 nm is a guantitative
measure of yellow color. A higher Aygo/Aans ratio corresponds to a lighter yellow color of the

20 sample. The significant yellow color of the untreated sample is largely removed by the
treatment with either DTT or cysteine. However, the yeliow color removal was not complete
and a tinge of yellow remains in the treated sampies. The Agge/Asps ratio tracks this trend well
and a 3-foid reduction is typically seen following treatment with reducing agents. Highly
purified plasma-derived A1PI is practically clear with an Asge/Aags ratio of 428,

25
Recombinant Cel Culture Derived A1PI Activity Recovery
The recAlPl activity recovery from experiments with size exclusion chromatography and

treatment with reducing agents ranged from 80-100% (see Table 1).
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Figure 16 shows a flow chart of the revised recAlP1 purification procedure, where cysteine is 5 added
to the pooled anion exchange eluate. The revised procedure follows. After the solvent/detergent viral
inactivation step, cell culture supernatant, having a mass 11.2 kg, was purified on a 5 cm inner
diameter X 25 cm bed height (500 mL) Captol" Q column (GE Healthcare Life Sciences) at 300 cm/h.
The column was equilibrated in 20 mM Na2HPO4, pH 6.0; washed with 20 mM Na2HPO4, 20 mM
NacCl, pH 6.0; and eluted with 25 mM Na2HPO4 200 10 mM NacCl, pH 7. O over 8 CV. The A280 of

the Q I was orre un & mate ULCI € JUU ||u_ auquut of-this
Q-elua1eﬁlz%itgln?ﬁéom(bmaqma er%‘c’:%}lgﬁﬁ am *WJ&?&& Svﬁ':'t'h ’i HHRT cysteine (Acros
Chemic u.of,nﬁ*?c.o.'%u . .ohcr%“’c.ré%uff eﬁt 'fm"‘ %ﬂﬁ* ez m‘%fﬂd at-room-temperature-overnight (-25

C ca. 16 h). The tréaterisample was

dlluted 42“383@&1; HIC dilutidn buffekc?EtmRadtane1PO4,

mM Naq@giﬁgi 42 (NH4)2504, pH 7

ner.

0, and used to| load an Octyl SepharosevgL glymn of dimer

diameter x-10.3-cm-bed height (202 mL bed volume).-The. column was pnlullhmfpd

100
Isions,
ith 25

5cmi

MM Na2idE0’:, 1009 MWNAECL, 1.75

M (NH4)25048}:)H 7.0, and eluted with a g?&%lent of 20 mN

Na/HPO

over 10 CV. The
¢A§E§8

eluate Volum% 620 mL, was concentrat%(égy 50 ML usin
system.and.a Pellicc

n 30 kDa, 3 x’50 cm?2 filter (Millipore) Th amole was. 2

LabSC'

concentratedno#w#ﬁg/mm asing Amicon UItraCeIw;@O kDa MWC

9] concentraioaﬁfn(*Mllllpore) by

q
g a
further

centrifd gratlon at 3,500 rpm at 4 C. The concentrated sample was thenpassed gvera Sartobine
S-memb r%cr%mfn%uléo( Mtgrﬂs Gottingen, Germ@fév) equilibrated in 10 mM sofum citrate buffer, pH
5.4. Thismlg gvascd*aﬁﬂtg,rg@.,aga nst 5 colummv@lumes of PB%. 25A controégjgm was also

Lia. mv\ HEN ey o H
perforr I(:‘F(rlhl.%:lrl an ué]en IL, yiH f;(t?l % gé'sua {L})L,a%babc\l}]ar V§ M%? HIC é..%n i Iealilddc tical
manner, in t ?h nrce:zew%S Ositoeslglgf act roma ograp profi the ¢on ! E
cystein “Heated test samplco were w...pa. able-(cf.-Figure 17 and Figure-18)- Th:s indicated-that the

addition of cysteine did not change the purification profile of recAlIP1 over the hydrophobic interaction
column. Wheadibemsamples were concentrated to approximately 50 mg/mL, a substantial reduction in

the yeIIow color was observed that corres

(i.e., 73 V&S 248) “FHETVNAS ShbttEel

onded to a 3.4-fold improvement in the A280/A405 ratio
eI NS IfRSIRE PWit tHEP Praffifé BeRiEnepsiite-treated

sample being comparablato thatablighhpuiiied plasma-derved AIRE: ReeiFigule AR Ageardingly,

the overnlght cysteine incubation between the anion exchange column and hydrophoblc interaction

chrom

atSANPHY (S8 AR MBY iRpRiphrafiy s RS NEs PoRteR < BBFHParabe (FeRUIRY to Th6se of

bench-seale.experimentsintenmas obyelow clkLlearance andia eresprepding improygment in the

A280/A405 ratio. The scope of the devices and methods described herein includes all combinations of
embodirfiéntsd a3pettsicekafmpids sbeps) and Bréfeierieasiteréin vbsedbad erOtommsedattis claimed
is: A meulp@,%g)i glggmbﬁpgng an amount of colorant in a solution comprising cell culture derived alpha),
proteinase inhibitor (recAlP1) comprising incubating the solution comprising recAlP1 with a reducing
agent and separatlng the recAIP1 from the colorant. 2. The method of claim 1, wherein the reducing

e.0l D11

agent I>1L,%3LL—:

. treatment with DTT or cysteine

iron cancentration of A1Pi samples from size exclusion chromatography following

Sampie fron Concentration (M)
recAlPl # 4 66.4
recA1Pi # 4+ 50 m DT 3.0
recAiPi#6 12.6
recAIPI#H S+ 10 mM DTT 0.5
recAIPLH 6 + 10 mM cysteine 08

10
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3. The method of claim 1, wherein the reducing agent is cysteme. 4. The method of claim 1, wherein
the reducing agent concentration is from about 1 mM to about 100 mM. 5. The method of claim 1,
wherein the reducing agent concentration is about 10 mM. 6The method of claim 1, wherein the
reducing agent concentration is about 1 mM. 7. The method of claim 1, wherein the reducing
incubation step is carried out for a time of from about 1 to about 24 hours. 8. The method of claim 1,
wherein the reducing incubation step is carried out at a temperature of from about 2 C to about 60 C.
9. The method of claim 1, wherein the reducing agent is 10 mM cysteine and the incubation is carried
out overﬁ’fﬁmp § &Bout room temperature. 10. The method of claim 1, wherein the separating the

recAlP1{eaigetheceplnrapt 6OaREsa% stydmatogsanbng hiedhrdaribodaf alaipalRwhsreinige
chromatography comprises ion exchange, hydrophobic interaction, gel filtration, affinity,

immuno&fHiAfF*SP 2R GIHARALGFRARYT. 12. The method of claim 1, comprising reducing the iron
concentggiine. fe3dhe.method afclaimdz uharein thedron cansentiationds cediesd (i, lwered) 2-to

100-fold. 14.The method of claim 12, wherein the iron concentration is reduced (i.e., lowered) 5-to
50-fold. 3% e hethod St efhitRi 22, SYRRTBHS tALIHEN cOfcsRMERbIPTE M billfees, After the

solvent/detergent viral inactivation step, cell cuiture supernatant, having a mass 11.2 kg, was
purified on a 5 cm inner diameter x 25 cm bed height {500 ml) Capto™ Q column (GE
Healthcare Life Sciences) at 300 cm/h. The column was equilibrated in 20 mM Na;MPO,, oH
6.0; washed with 20 mM Na;HPO,, 20 mM NacCl, pH 6.0; and eluted with 25 mM Na,HPC,, 200
10 mM NaCl, pH 7.0, over 8 CV. The Az of the Q-eluate was 2.4, corresponding to an
approximate potency of 2 g/, A 500 mi aliguot of this Q-eluate containing approximately 1 g
of recAlP! by activity was treated with 10 mM cysteine {Acros Chemicals; Thermo Fisher
Scientific; New Jersey} and incubated at room temperature overnight (~25 °C ca. 16 h). The
treated sampie was diluted 42:58 with HIC dilution buffer, 25 mM Na;HPO,, 100 mM NaCl, 3 M
15 (NH4J2504, pH 7.0, and used to load an Octyl Sepharose™ column of dimensions, 5 ¢m inner
diameter x 10.3 cm bed height (202 mi bed volume]. The column was sguilibrated with 25 mM
NaHPQO,, 100 mM Nall, 1.75 M (NHs:S0., pH 7.0, and eluted with a gradient of 20 mM
Na;HPQO,, pH 6.0, over 10 CV. The eluate volume of 620 mL, was concentrated to 50 mb using a
LabScale™ TFF system and a Pellicon® 30 kDa, 3 x 50 cm’ filter (Millipore). The sampie was
20 further concentrated to 50 mg/ml using Amicon UltraCel™ 30 kDa MWCO concentrators
(Millipore) by centrifugation at 3,500 rpm at 4 °C. The concentrated sample was then passed
over a Sartebind® S-membrane capsule {Sartorius, Gottingen, Germany) equilibrated in 10 mivi

sodium citrate buffer, pH 5.4. This sample was diafiltered against 5-column volumes of PBS.

25 A controf run was also performed using an identical volume of Q-eluate and processed over the
HIC column in an identical manner, in the absence of cysteine. The HIC chromatography
profiles of the control and cysteine-treated test samples were comparable (cf. Figure 17 and
Figure 18). This indicated that the addition of cysteine did not change the purification profile of

recAlPl over the hydrophobic interaction column. When the samples were concentrated to

Page 24 of 32



16. The method of claim 12, wherein the iron concentration is 1 pM or less. 17. A method of purifying
cell culture derived human AIPI from an aqueous solution comprising recA1PI, comprising: (a)
performing a viral inactivation step on a solution containing recAlPh (b) passing the virally inactivated
solution through an anion exchanger so that recAlP1 binds to the anion exchanger; (c) eluting recAlP1
from the anion exchange resin to obtain an anion exchange eluate containing recAlPI; (d) adding a
reducing agent to the anion exchange eluate containing recA1P1 to obtain a reducing solution; (e)

incubating the reducing solution; (1)passingthereducingsolutionthroughahydrophopicinteraction
it e o L e e A o et A
HIC resirvte-ohtain-andiG eluate thatcenainsreehlRl,ingubation:.49.78he . methodrat clain;id 8,
wherein the solvent is added in a range of 0.01% to about 0,5%. 20. The method of claim 18, wherein

the detetgfernitds Btfust fromAb it e 8% to dbodt'. 6% Weight er Vol 6rAre redlififigthidure. 21.

The metheshaf glain 18 vwhargin the iselventdetergrpt incubationgempyises adding about 0.5%
polysorbate 20 and about 0.03% tri(n-butyl phosphate) at pH of about 8 and a temperature of about 30

C. 22. The method of claim 17, wherein the anion exchanger is a quaternary ammonium resin.
Accordingly, the overnight cysteine incubation between the anion exchange column and

hydrophaobic interaction chromatography {see Figure 16} in preparative-scale runs produces
comparable results to those of bench-scale experiments in terms of vellow color clearance and
a corresponding improvement in the Asge/Asgs ratio.

10
The scope of the devices and methods described herein includes all combinations of

embodiments, aspects, examples, steps, and preferences herein described.
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23. The method of claim 22, wherein the quaternary ammonium resin is Captorm Q. 24. The method of
claim 17, wherein the reducing agent is cysteine (Cys); cysteamine; dithiothreitol (D ); dithioerythritol
(DTE); glutathione (GSH); 2-mercaptoethanol (2- ME); 2-mercaptoethylamine (2-MEA);
tris(2-carboxyethyl)phosphine (TCEP); oxalic acid; formic acid; ascorbic acid; nicotinamide adenine
dinucleotide (NADH); nicotinamide adenine dinucleotide phosphate (NADPH); or combinations thereof.
25. The method of claim 17, wherein the reducing agent is cysteine or DTT. 26. The method of claim
17, wherein the reducing agent is cysteine. to 100 mM, 28. The method of claim 17, wherein the
reducin % concentration is about 10 mM. 29. The method of claim 17, wherein the reducing agent
concentrationssialbeut 3:mM, 30. The method of claim 17, wherein the reducing incubation step is
carried out for about 1 to 24 hours. 31The method of claim 17, wherein the reducing incubation step is
carried out from about 2 'C to 60C. 32. The method of claim 17, wherein the reducing agent is 10 mM
cysteine and theingubationdis.carAgd aut QusiRiobt atBhautiroanutemperatdresi#3. dnemathod of
claim 17 wherein the HIC resin is Octyl SepharoseTM or CaptoTM Octyl, 34. The method of claim 17,
comprising redif‘ffiﬁ@d[h@m‘@ﬁ JUALERTRS RN itor  (recAlPl} comprising incubating the solution

comprising recAlP! with a reducing agent and separating the recAlPl from the colorant.

2. The method of claim 1, wherein the reducing agent is cysteine or DTT.
3. The method of claim 1, wherein the reducing agent is cysteine.
4, The method of claim 1, wherein the reducing agent concentration is from about 1 mM

to about 100 mM,

5. The method of claim 1, wherein the reducing agent concentration is about 10 mM.
5 The method of claim 1, wherein the reducing agent concentration is about 1 mM.
7. The method of claim 1, wherein the reducing incubation step is carried out for a time of

from about 1 to about 24 hours.

8. The method of claim 1, wherein the reducing incubation step is carried out at a

temperature of from about 2 °C to about 60 °C.

9, The method of claim 1, wherein the reducing agent is 10 mM cysteine and the

incubation is carried out overnight at about room temperature.

10. The method of claim 1, wherein the separating the recA1Pl from the colorant comprises

chromatography.
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35. The method of claim 34, wherein the iron concentration is reduced e., lowered) 2-to 100-fold, 36.
The method of claim 34, wherein the iron concentration is reduced e., lowered) 5-to 50-fold. 37. The
method of claim 34, wherein the iron concentrationpM or less. 38. The method of claim 34, wherein the
iron concentration is 1 ktM or less. 39. A method of purifying cell culture derived alphal proteinase
inhibitor (recAlP1) comprising incubating a solution comprising recAlP1 with a reducing agent and
separating the recA1P1 from the reducing agent and the reduced species 40. The method of claim 39,
wherein the reducing agent is cysteine or DTT. 41. The method of claim 39, wherein the reducing
agent is cysteine. 42. The method of claim 39, wherein the reducing agent concentration is from about
1 mM tozabout R0 mdth4B. Fheamethod ©helaim 88 whereidbhe seducingragent.coneanisagien is
about 10 mM. 44. The method of claim 39, wherein the reducing agent concentration is about 1 mM.
45. The metholY6f WA 34! eV Bié THEXiRRtGH Stk 18 Eantel 6Lt 16f SRS BT HsrhM Bt 1 to
about 24 hours. 46. The method of claim 39, wherein the incubation step is carried out at a

temperature of from about 2 C to about 60C. 47. The method of claim 39, wherein the reducing agent
is about 0 mM ¥/E181AELH S FHE ihRFRRIGHTS 'CAHTE St BOBAGHMEAIBut room temperature.

13 The method of claim 12, wherein the iron concentration is reduced {i.e., lowered} 2-1o
100-fold.

14. The method of claim 12, wherein the iron concentration is reduced (i.e., lowered} 5-to
50-fold.

15 The method of claim 12, wherein the iron concentration is 10 vt or less,

16. The method of claim 12, wherein the iron concentration is 1T uM or ess.

17. A method of purifying cell culture derived human AlPI from an agueocus solution

comprising recALPI, comprising:

(a} performing a viral inactivation step on a solution containing recAlP:

(h) passing the virally inactivated solution through an anion exchanger so that
recA1Pl binds to the anion exchanger;

(c} eluting recA1Pl from the anion exchange resin to obtain an anion exchange
eluate containing recAlPl;

{d] adding a reducing agent to the anion exchange eluate containing recAlP! to
obtain a reducing solution;

{e) incubating the reducing solution;

i passing the reducing solution through a hydrophobic interaction
chromatography (HIiC) resin so that recA1P| binds to the HIC resin; and

{g) eluting recA1Pi from the HIC resin to obtain an HIC eluate that contains recA1PI.
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48. The method of claim 39, wherein the separating the recAlP1 from the reducing agent and reduced
species comprises chromatography. 49. The method of claim 48, wherein the chromatography
comprises ion exchange, hydrophobic interaction, gel filtration, affinity, irnmunoaffinity, or
combinations thereof. 50. The method of claim 39 wherein the reduced species comprises iron. 51.
The method of claim 50, wherein the iron concentration is reduced (i.e., lowered) 240 100-fold. 52. The
method of claim 50 wherein the iron concentration is reduced e. lowered) 5-to 50-fold. 53. The method
of claim 50, wherein the iron concentration is 10 pM or less. 54. The method of claim 50, wherein the
iron concentration is 1 pM or less. 12317 seguence_ST25 SEQUENCE LISTING <110> Grifols SA

Ranganathan, Senthil:eianizys Bavid <180 Rurification-at Gelis&ulivre, RedvedAlphad-Rroigase

inhibitor <130> 1300037/pal
incubation.

19. The method of claim 18, wherein the solvent is added in a range of 0.01% to about

0.5%.

20. The method of claim 18, wherein the detergent is added from about 0.5% to about 2.0%

weight per volume of the resulting mixture.

21, The method of claim 18, wherein the solvent/detergent incubation comprises adding
about 0.5% polysorbate 20 and about 0.03% tri(n-butyl phosphate) at pH of about 8 and
a temperature of about 30 °C.

22. The method of claim 17, wherein the anion exchanger is a guaternary ammonium resin.

23. The method of ciaim 22, wherein the guaternary ammonium resin is Capto™ Q.

24, The method of claim 17, wherein the reducing agent is cysteine (Cys); cysteamine;
dithiothreitol (DTT); dithioerythritel (DTE); glutathione (GSH); 2-mercaptoethanct (2-
ME); Z-mercaptoethylamine {2-MEA); tris{Z-carboxyethyliphosphine (TCEP): oxalic acid;
formic acid; ascorbic acid; nicotinamide adenine dinucleotide {NADH); nicotinamide
adenine dinucleotide phosphate (NADPH); or combinations thereof,

25, The method of claim 17, wherein the reducing agent is cysteine or DTT.

26. The method of claim 17, wherein the reducing agent is cysteine.
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<150> US 61/675,560 <151> 2012-07-25 <160> 1 <170> Patentln version 3.5 <210> 1 <211> 418
<212> PRT <213> Homo sapiens <220> <221> SIGNAL <222>(1)..(24) <220> <221> mat_peptide
<222>(25)..(418) <220> <221> CARBOHYD <222> (70)..(70) <220>

27. The method of claim 17, wherein the reducing agent concentration is from about 1 mM

to 100 mb.

28. The method of ciaim 17, wherein tha reducing agent concentration is about 10 mM.

29. The method of claim 17, wherein the reducing agent concentration is about 1 mM.

30. The method of claim 17, wherein the reducing incubation step is carried out for about 1

to 24 hours.

31 The methaod of claim 17, wherein the reducing incubation step is carried out from about

2°Cto 60 °C

32. The method of claim 17, wherein the reducing agent is 10 mM cysteine and the

incubation is carried out overnight at about room temperature.

33, The method of claim 17, wherein the HIC resin is Octyl Sepharose™ or Capto™ Qctyl,

34, The method of claim 17, comprising reducing the iron concentration.

35, The methed of claim 34, wherein the iron concentration is reduced {i.e., lowered} 2-to
10G-fold.

36, The method of claim 34, wherein the iron concentration is reduced {i.e., lowered) 5-to
50-fold.

37. The method of claim 34, wherein the iron concentration is 10 uM or less.

38. The method of ciaim 34, wherein the iron concentration is 1 1M or less.
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<221> CARBOHYD <222>(107)..(107) <220> <221> MISC_FEATURE <222>(256)..(256) <223>
C256 5-nitrosylation <220> <221> CARBOHYD <222>(271)..(271) <220> <221> MISC_FEATURE
<222> (376)..(376) <223> proteolytic cleavage site <220> <221> MISC_FEATURE <222> (382)-(383)
<223> reactive bond <400> 1

39, A method of purifying cell culture derived alpha; proteinase inhibitor (recAlPl
comprising incubating a solution comprising recAlPl with a reducing agent and
separating the recA1Pi from the reducing agent and the reduced species.

40, The method of claim 39, wherein the reducing agent is cysteine or DTT.

41. The method of claim 39, wherein the reducing agent is cysteine.

42 The method of claim 39, wherein the reducing agent concentration is from about 1 miM

to about 100 mM.

43, The method of claim 39, wherein the reducing agent concentration is about 10 mM.

44, The method of claim 39, wherein the reducing agent concentration is about 1 mM.

45, The method of claim 39, wherein the incubation step is carried out for a time of from

about 1 to about 24 hours.

45, The method of claim 39, wherein the incubation step is carried out at a temperature of

from about 2 °C to about 60 °C,

47. The method of ciaim 39, wherein the reducing agent is about 10 mM cysteine and the

incubation is carried out overnight at about room temperature.

48, The method of claim 39, wherein the separating the recAl1P! from the reducing agent

and reduced species comprises chromatography.
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Met Pro Ser Ser Val Ser Trp Gly lle Leu Leu Leu Ala Gly Leu Cys -20-15-10 Cys Leu Val Pro val Ser
Leu Ala Glu Asp Pro Gin Gly Asp Ala Ala -5-1 15 2317_seguence_5125.txt Gin Lys Thr Asp Thr Ser
His His Asp Gin Asp His Pro Thr Phe Asn 101520 Lys lle Thr Pro Asn Leu Ala Glu Phe Ala Phe Ser
Leu Tyr Arg Gin 25303540 Leu Ala His Gin Ser Asn Ser Thr Asn lle Phe Phe Ser Pro Val Ser 455055
lle Ala Thr Ala Phe Ala Met Leu Ser Leu Gly Thr Lys Ala Asp Thr 606570 His Asp Glu lle Leu Glu Gly
Leu Asn Phe Asn Leu Thr Glu lle Pro 758085 Glu Ala Gin lle His Glu Gly Phe Gin Glu Leu Leu Arg Thr
Leu ASQ?). The method of claim 48, wherein the chromatography comprises ion exchange,

hydrophobic interaction, gel filtration, affinity, immunoaffinity, or combinations thereof.

50. The method of claim 356 wherein the reduced species comprises iron.

51, The method of claim 50, wherein the iron concentration is reduced (i.e., lowered) 2-to
100-fold.

52. The method of claim 50, wherein the iron concentration is reduced {ie lowered} 5-to
50-fold.

53, The method of claim 50, wherein the iron concentration is 10 puM or less.

54. The method of claim 50, wherein the iron concentration is 1 uM or less.
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9095100 Gin Pro Asp Ser Gin Leu Gin Leu Thr.Thr Gly Asn Gly Leu Phe Leu 105110115120 Ser Glu
Gly Leu Lys Leu Val Asp Lys Phe Leu Glu Asp Val Lys Lys 125130135 La Tyr His Ser Glu Ala Phe Thr
Val Asn Phe Gly Asp Thr Glu Glu 140145150 Ala Lys Lys Gin lle Asn Asp Tyr Val Glu Lys Gly Thr Gin
Gly Lys 155160165 lle Val Asp Leu Val Lys Glu Leu Asp Arg Asp Thr Val Phe Ala Leu 170175180 Val
Asn Tyr lle Phe Phe Lys Gly Lys Trp GlzzArgd2ra&He Ghtevat185190195200 Lys Asp Thr Glu Glu Glu
Asp Phe His val Asp Gin Val Thr THeWEIZ05216945 Lys Val Pro Met Met Lys Arg Leu Gly Met Phe
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SIGNAL
(1)..024)
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(25)..(418)

CARBOHYD
(70)..(70)

CARBOHYD
(107> ..(1067)

MISC_FEATURE
(256)..(256)
C256 S-nitrosylation

CARBOHYD
(271)..(271)

MISC_FEATURE
{376)..(0376)
proteclytic cleavage site

MISC_FEATURE
(382..(383)
reactive hond

1

Met Pro Ser Ser val Ser Trp Gly iIle Leu Leu teu Ala Gly Leu Cys

-20 ~-15 ~10

Cys Leu val Pro val ser Leu Ala Glu Asp Pro Gln Glv asp Ala ala

-5 -1 1 5
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220225230 Lys Lys Leu Ser Ser Trp Val Leu La Met Lys-Tyr La Gly Asn Ala 235240245 Thr Ala lle
Phe Phe La Pro Asp Glu Gly Lys Leu Gin H1S Leu Glu 250255260 Asn Glu Leu Thr His Asp lle lle Thr
Lys Phe Leu Glu Asn Glu Asp 265270275280 12317 _seguence_ST25.txt Arg Arg Ser Ala Ser Leu His
Leu Pro Lys Leu Ser lle Thr Gly Thr 285290295 Tyr Asp Leu Lys Ser Val Leu Gly Gin Leu Gly lle Thr
Lys Val Phe 300305310 Ser Asn Gly Ala3AspskgueSes Gy vat¥hr Glu Glu Ala Pro Leu Lys 315320325
Leu SeF L%%H‘Vd‘lfﬂisﬂl&]ssﬁra gﬁsél eaq T"ﬁPII@As’bS@I%_%/é’ GlyThr Phe Asn

Lys ITe Thr Pro Asn Leu Ala Glu pPhe Ala Phe Ser Leu Tyr Arg Gln
25 30 35 40

teu Ala His Glin Ser asn Ser Thr asn Ile phe Phe Ser Pro val Ser
45 50 55

ITe Ala Thr Ala phe Ala Met Leu Ser Leu Gly Thr Lys Ala Asp Thr
60 65 70

His Asp Glu Ile teu Glu Giy Leu Asn Phe Asn Leu Thr Glu Ile Pro
75 80 85

Glu Ala GIn Ile His Glu Gly Phe GIn Glu Leu Leu Arg Thr teu Ash
g0 95 100

GIn Pro Asp Ser GIn Leu GIn Leu Thr Thr GTy Asn Gly Leu Phe Ley
105 110 115 120

Ser Glu Gly teu Lys Leu val Asp Lys Phe teu Glu Asp val Lys Lys
125 136 135

Let Tyr His Ser Glu Ala Phe Thr val aAsa Phe Gly Asp Thr Glu GTu
140 145 150

Ala Lys Lys Gin Ile Asn Asp Tyr val Glu Lys Gly Thr 6In Gly Lys
155 160 165

Ite val Asp iteu val Lys Glu Leu Asp Arg Asp Thr val phe Ala Leu
170 i75 180

val asn Tyr Ile pPhe Phe Lys Gly Lys Trp Glu Arg Pro Phe Glu val
185 196 195 200

Lys Asp Thr Glu Glu Glu Asp Phe His val Asp Gln val Thr Thr val
205 210 215

Lys val Pro Met Met Lys Arg bLeu Gly Met Phe Asn Ile Gin His Cys
220 225 230

Lys Lys Leu Ser Ser Trp val Leu Leu Met Lys Tyr Leu Gly Asn ala
235 240 245

Thr Ala Ile phe Phe Leu Pro Asp Glu Gly Lys Leu GIn His Leu Glu
250 255 260

Asn Glu Leu Thr His Asp Ile Ile Thr Lys Phe Leu Glu Asn Glu Asp
265 270 275 280
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330335340 Thr Glu Ala Ala Gly Ala Met Phe Leu Glu Ala lle Pro Met Ser lle 345350355360 Pro Pro
Glu Val Lys P e Asn Lys Pro Phe Val Phe Leu Met lle Glu 365370375 Gin Asn Thr Lys Ser Pro Leu
Phe Met Gly Lys Val Val Asn Pro Thr 380385390 Gin Lys

12317 _sequence_ST25.txt
Arg Arg Ser Ala Ser ieu His Leu Pro Lys Leu Ser Ile Thr Gly Thr
285 290 295

Tyr Asp teu Lys Ser val teu Gly GIn Leu Gly Ile Thr tys val phe
300 305 310

Ser Asn Gly ala Asp Leu Ser Gly val Thr Glu Glu Ala Pro Leu Lys
315 320 328

Leu Ser Lys Ala val His Lys Ala val Leu Thr Ile Asp Glu Lys Gly
330 335 340

Thr Glu Ala Ala Gly Ala Met Phe teu Glu Ala Ile Pro Met Ser Ile
345 350 355 360

Pro Pro Glu val Lys Phe Asn Lys Pro Phe val Phe Leu Met Ile Glu
365 370 375

Gln asn Thr Lys Ser Pro Leu Phe Met Gly Lys val val Asn Pro Thr
380 385 390

GlIn Lys
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