SUBSTANTI ALLY ANI MAL PROTEI N FREE RECOVBI NANT FURI N

AND METHODS FOR PRODUCI NG SAME Thi s application clains
wperioonsd7yd of U.S. Provisional Application No. PCT/US2008/087732

61/ 018, 152, filed Decenber 31, 2007, which is

i ncorporated by reference herein inits entirety.
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protein precursors) are inactive proteins that become active by one or more

posttranslational modifications and, in particular, by the cleavage of a pro-peptide
from the pro-protein. Examples of pro-proteins include, for example, pro-insulin,

prothrombin, pro-von Willebrand Factor (pro-VWF), and the like.

[0003] Von Willbrand factor (VWF) is a blood glycoprotein involved in coagulation.
VWEF is deficient or defective in von Willebrand disease and is involved in a large
number of other diseases, including thrombotic thrombocytopenic purpura, Heyde's
syndrome, and possibly hemolytic-uremic syndrome. VWF is a glycoprotein
circulating in plasma as a series of multimers ranging in size from about 500 to
20,000 kD. Multimeric forms of VWF are composed of 250 kD polypeptide subunits
linked together by disulfide bonds. VWF mediates the initial platelet adhesion to the
sub-endothelium of the damaged vessel wall, and it is believed that only the larger
multimers of VWF exhibit hemostatic activity. VWF multimers having large molecular
masses are stored in the Weibel-Pallade bodies of endothelial cells and are liberated
upon stimulation. Liberated VWF is then further processed by plasma proteases to

result in low molecular weight forms of VWF.
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N-terminus. Upon maturation in the endoplasmic reticulum and Golgi apparatus, the
pro-peptide is cleaved by the action of the cellular protease furin and the mature
protein is secreted as a homopolymer of identical subunits, consisting of dimers of
the expressed protein. However, the maturation is typically incomplete, leading to a

product comprising a mixture of pro-VWF and mature VWF.

[0007] Previous publications have shown that pro-VWF can be converted to
mature VWF by in vitro treatment with furin or furin-like proteases (Schlokat et al.,
Biotechnol. Appl. Biochem. 24: 257-267, 1996; Preininger et al., Cytotechnology 30:
1-15, 1999; and EP 0775750A). In particular, EP 0775750A suggests the co-
expression of furin and VWF recombinantly so that the maturation of VWF may occur

in situ.

[0008] Recombinant furin (rFurin) transforms pro-rVWF (pro-recombinant von
Willebrand factor) to rVWF by cleaving the Arg741-Ser742 peptide bond. This
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coagul ati on. e present Invent pro es 1 nproved
pradegciogisementSuch rFurin is substantially free of other proteins which may

normally be associated with the production of rFurin, such as serum proteins and
host cell proteins. This rFurin allows for the subsequent production of mature
proteins with high specific activity and high purity without side effects associated with
protein contaminant in the rFurin preparation. More specifically, this rFurin allows for
the production of mature VWF with high specific activity and high purity.

Accordingly, the invention provides methods for selection and adaptation of
recombinant host cells to chemically-defined medium, expression of rFurin which is

secreted into cell culture supernatant, and purification of rFurin after cell removal.

[0011] The substantially animal protein-free rFurin of the invention includes
preparations or compositions of rFurin comprising host cell protein in a concentration
which ranges between about 0.1 to 0.6 ng protein or less/Unit furin activity or
between about 2 and 11 pg protein or less/mL and essentially lacking contaminating

proteins from serum in the culture medium. In one aspect, the substantially animal
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[0015] The invention further includes compositions comprising substantially animal
protein free recombinant furin at a specific furin activity of at least about 100 U/ug
and host cell DNA at a concentration less than about 14 ng DNA/mL. Such
compositions may also comprise host cell DNA at a concentration less than about
0.5 pg DNA/U furin activity. In one aspect, the host cell DNA is from a CHO cell.

[0016] The invention also includes methods of making a composition comprising
substantially animal protein-free recombinant furin described herein. Such methods
comprise the step of adapting the host cells to growth in medium with increasingly
lower concentrations of serum until all serum is removed from the medium. In
another aspect, the methods comprise the step of transferring the host cell from
growth in medium comprising serum to growth in serum-free medium. In an

exemplary aspect, the host cell is a CHO cell.
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[0021] Figure 3 shows a pedigree of the generation of the CHO/rFurin clone #289-
20.

[0022] Figure 4 sets out a comparison of the graphical distribution of the rFurin
producers in the cell populations of PMCB#01 and PMCB#04. 80.74% of the cells in
PMCB#04 express rFurin; 74.06% of the cells in PMCB#01 express rFurin.

[0023] Figure 5 shows a "Doehlert Matrix" where five temperatures were combined

with three pH values, resulting in seven combinations of temperature and pH.

[0024] Figure 6 shows a surface plot analysis of the data in reference to the
volumetric productivity. The coordinates of the data in Figure 6 are marked as

points. The surface shows the assumed correlation of the single data.

[0025] Figure 7 shows a contour plot which illustrates the influence of temperature
and pH on the volumetric productivity. The dots indicate the conditions (pH / temp.)

which had been tested experimentally.
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sliﬁ%§%w§%olecular weight of the Furin bands is visible in samples of campaign
ORFU06002 from batches MMCO01 to MMCO8 (Figure 12, lanes 1-8).

[0031]  Figure 13 shows the Western blot analysis of samples using a monoclonal

anti-Furin antibody.

[0032] Figure 14 shows the specific band patterns for rFurin from isoelectric
focusing (IEF) and subsequent Western blotting of rFurin samples of campaign
ORFU06002.

[0033] Figure 15 shows the specific band patterns for rFurin from isoelectric
focusing (IEF) and subsequent Western blotting of rFurin samples of campaign
ORFU07002.

[0034]  Figure 16 shows Western blot results for rFurin from isoelectric focusing

(IEF) and subsequent Western blotting of rFurin samples of campaign ORFU07002.

[0035]  Figure 17 shows Furin Reverse Phase HPLC for samples from campaign
ORFU06002 (Capto-MMC eluates). Samples were tested with C4 RP-HPLC in order

to establish a fingerprint pattern for rFurin.



[0022] Figure 4 sets out a conparison of the graphical

distribution of the rFurin producers in the cell
w@opalst7idbns of PMCB#01 and PMCB#04. 80. 74% of PETIES2008/087732

cells in PMCB#04 express rFurin; 74.06% of the cells

in PMCB#01 express rFurin. [0023] Figure 5 shows a

"Doehl ert Matrix" where five tenperatures were

OB P18 o 0P P P B DSt Lo

ORFINEOR (QapfoaMM(b blmrateamasympbasMerb hesteldhivith i0% RefHPLehiteorder
f P umst rtl Cit rd ivity. The coordinates of the
oégt@é ﬁgh %%r " é’aég@ hF I%E'H' as points. The surface

shows the assumed correlation of the single data.

[0025] Figure 7 shows a contour plot which illustrates
the influe [ a lumetric
producti vit ET o C% FE i s (pH/

Odé%gﬂ rth%@r'e%gnt I ngﬁﬁfrgl esétéeg'i $ veeiclrpnrﬁgr& %lnd %r&&%ﬁgl of a
reddm:texeardlhnermlldmalthathd; uspatié blogrodfonSkfua-freg nidtium and
sefrEhTGAnE PO EaR bR TFHEN DBl e el £ e ateny The host
cel ﬁ)r‘ih?gélecﬁe@ Edrerafstous ofa plasmat endddtig r\ébbrﬁbmkahi Mﬁh ifih®he

del ed | at th di mensi onal |
SRR TS 88 UPHS S GBREID o BremRIAN Foieh i1k oshscombinant

VVEIF eThé YesuiltimerF O s\ then bhsriedr Sohht |%%h83t§ﬁt|2§@ frfe- of AR
ure 10 sets out an analysis of the data’in

prq‘t%'%erence to speC|f| c product|V|ty There is a simlar
relation of the speci roductivity wt

(0Bl i ABoAHBWB RS A GEdPAPH. TRUPFS Fd: P and PCSIPCS
bell@h@@tb?ﬂhb\ﬁrél)/p oitﬁ@%gﬂ)tllﬁlrﬂl%ese%e%m@@sésh%lcmbla an important

decreasing the tenperature from37C to 35.1
rolg &) iheeleavagp PHRGREIteins vespeaiatly hehe ﬁ@¢r@mayrfth@m (Van de Ven

et QP Q‘l‘rF?XRe\? QQM%H@H/ A1 1 840, d@é’g g r&tgpxgur | Eb&#ha%sf)a%oaally,

shows SDS-pagé and silver-st
mtr,ggelﬂéarmg processed to their mature form by the endogenous protease in the

Golgi apparatus. The protease cleavage site comprises a recognition sequence
which is characterized by the amino acid sequence Arg-X-Lys/Arg-Arg. The
protease furin cleaves proproteins specifically after this consensus sequence
(Hosaka et al., J. Biol. Chem. 266:12127-12130, 1991).

[0039] The DNA and amino acid sequence of human and murine furin, as well as
further proteins with subtilisin-like protease function have been identified (Roebroek
et al., Mol. Biol. Rep. 11: 117-125, 1986; Roebroek et al., EMBO J. 5:2197-2202,
1986, Barr et al., DNA Cell Biol. 10:319-328, 1991; Van den Ouweland et al., Nucleic
Acids Res. 17:7101-7102, 1989; Van den Ouweland et al., Nucleic Acids Res.
18:664, 1990; Smeekens et al., 1990, J. Biol. Chem. 265:2997-3000; Smeekens et
al., Proc. Natl. Acad. Sci. USA. 88; 340-344, 1991; Kiefer et al., DNA Cell Biol. 10:
757, 1991; Nakayama et al., J. Biol. Chem. 267:5897-5900, 1992; and Hatsuzawa et
al., J. Biol. Chem. 265: 22075-22078, 1990). The human furin gene encodes a
protein consisting of 794 amino acids, certain functions being allocatable to

individual characteristic regions: a catalytic center, a middle domain, a cystine-rich
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[Od'fl‘?f‘t Furin truncated by genetic engineering, in which the encoding part of the
transmembrane and cytoplasmatic domains has been deleted, can also be
expressed and secreted correspondingly. Such N-terminal deletions have been
described for amino acids 714-794 (Leduc et al., J. Biol. Chem. 267:14304-14308,
1992, Molloy et al., J. Biol. Chem. 267:16396-16402, 1992); for amino acids 716-794
("Sol-PACE") (Wasley et al., J. Biol. Chem. 268:8458-8465, 1993; and Rehemtulla et
al., Blood 79:2349-2355, 1992); and for amino acids 705-794 (Hatsuzawa et al., J.
Biol. Chem. 267:16094-16099, 1992). Furin mutants additionally comprising a
deletion of the cystine-rich region have also been described (Hatsuzawa et al., J.
Biochem. 101:296-301, 1992; Creemers et al., J. Biol. Chem. 268:21826-21834,
1993).

[0042] The endoproteolytic activity of furin and its selectivity for basic amino acids
was first determined in experiments with pro-von Willebrand factor (pro-vWF). Pro-
VWF consists of a propolypeptide with 741 amino acids and mature von Willebrand
factor (vWF) with 2050 amino acids (Verweij et al., EMBO J. 5:1839-1847, 1986).
The liberation of mature VWF from pro-vWF results from a proteolytic cleavage after
Arg763. Transfection of pro-vWF cDNA in eukaryotic expression vectors results in

the production of equimolar amounts of the 360 kD pro-vWF and of the 260 kD



cell line selected for transfection of a plasmd

encodi ng reconbinant furin is in one aspect the sane
wW@200008811F or expression of reconbi nant Fact or RAT/US20081087732

reconbi nant VW. The resulting rFurin is then purified

so that is substantially free of animal protein.

[0038] Furin, also known as PACE, PACE4, PCl/PC3, PC2,

h .
el 98 R 8 B9t DO BB s o
matupo‘omm trarsifectedceliseby brdogemeusly opcapingfigin®ise et al., Proc.

NG RERL Sl B3 BS0E5 b, LR Yool B R v

278rto9@.ot ei ns are post-translationally,
intracellularily processed to their mature form by the

[00&3H 0 gmnong lamjltid’)rwfpﬁo -protéine whithgire 2RRIEADY &{naniTEby subtilisin-
t te co ises are i on
ik B YEHe "SAREEV SIS 263 SRETLPT PEIORSS PRE HMHA dAciersde 9.

pra v A @epitdcytelyrGU A factdF)Ipladmg p%t@tn@ 818U, ifakt& BRVESor
IXF% grotel ns specifically after this consensus sequence

Rk reqerigrs (ingulingprgirécemien virgbprotenote.g.HINe! gpth )
mﬂueuﬁ%ﬂ]s hﬂéﬂw%tnﬁﬁ‘ﬁ a@Wé’]%sQﬁc%r%Pﬂr‘é?é’?ﬁ@ dﬁhtm n@8fthrax

rine furin, further grotelnsvvl

toxgu I&Pﬁwpb' §t-al.j KeB’B4f &iéas 86$ aaaw-aa Ha189hcBlieneleirpbereet al.,
b 1
EMéo%ggrL g?&oﬂmf& 193%’/.2%3.r5 1§§p %%%1'2[ w%%éé&?% W B%? Chem.
268;8458-Br@AS, 3S96; Kiinopel etal. SHI@CSN&‘/ /‘1@1501\/&1/6/40@11%1%
o8 a4 5 4 ooy T Shd gy B
CettrfBiok 4h&2851-2B859, 19990Ho§akaatca| J @ielnCha65 2869713002130,

19%%@3&% e%‘bi" PBRS: 1%42@-%’19}5@2@ THESFurth pf the present

invéstahy is Nakiaymlmeeforajse in dleaBng thes€hpeorpra6ins 28 Well5900,
1992; and Hat suzawa et al., J. Biol. Chem 265:
[0022D 7 3By2a0@fred3Q0df thEmecleicnauid $enquencee aecaiirapidet furin and a

pro%rﬁé ?r? @negu(ﬁgéloiélcgﬁ F@Lu&%sg%ngr%rggseoc glarggéss(l:negr ctﬂhg pro-proteins
has been achieved in vivo. This has been demonstrated, e.g., for pro-factor I1X
(Wasley et al., J. Biol. Chem. 268:8458-8465, 1993) and for pro-vWF (WO 91/06314;
Van de Ven et al., Mol. Bio. Rep. 14:265-275, 1990; and Rehemtulla et al., Blood
79:2349-2355, 1992). The present invention contemplates that the rFurin of the
invention is useful for both in vitro and in vivo processing of any pro-protein that it

cleaves.

[0045] Beside the co-expression of intact furin with pro-proteins, truncated furin
has been expressed together with pro-proteins. Furin deletion mutants have been
demonstrated as enzymatically active when co-expressed in vivo and as secreted:;
the enzymatic activity of such deletion mutants could be detected inter alia in the
processing of pro-factor IX (Wasley et al., J. Biol. Chem. 268:8458-8465, 1993) and
pro-vWF (Rehemtulla et al., Blood 79: 2349-2355, 1992). Co-expression
experiments with furin deletion mutants have shown that the transmembrane and the
cytoplasmatic parts of the protein are not essential to the catalytic function
(Rehemtulla et al., Proc. Natl. Acad. Sci. USA 89: 8235-8239, 1992).



i ndi vi dual characteristic regions: a catalytic center,

a mddle domain, a cystine-richregion, a transnenbrane
waelvaiosg71iaand a cytopl asmati ¢ donmai n (Van de VePCBUS208/087732

Crit. Rev. Oncogen. 4:1 15-136, 1993). In one aspect,

the human furin polypeptide is set out in GenBank

Accession No: EAX021 11 (National Center for

[O(geﬁgit imgk@g?%é g%g@%gh%r}%%ﬁ Na%){;? &%lopt&efk?urﬂ #h prgkaryotlc
andretikagyotic s&ls| thei mepzhretlem bf furih fusiqrppreteing, eetetiah nautgnts and
ey She B RGrLS Po PRl @epdiy i Hga\ g ppightl use of
pup‘ﬁexﬂﬁm:le fortha rpeodééﬁ)‘ag ©aprdpeotping dul 0&d ibyehdral. NyOeIs9698
R T MR AR .

of ptoteuss faueh tak 08 gl |pYo—&WH e \A(eBra%&ﬁ@b%pa&éuoalof fusion Sretdins.
A truncated form of the

Sty - Bxes SC i B 1 AOR 21147 5980 deesiasying o dleavage
of ﬁﬁh@ﬁiaﬂﬂrdsﬂ-lﬁ QHtelﬁ W%é@{sad?tpuﬁﬁecﬁﬁﬁlﬁemr%ef 5l gl BYY) SEhem.

26&@66)“’ 1?%% 1:98%?%?&”96 dhenatiteqicleayage ¢szIvrg§xm0 8y mesmnedf
fufarin® (Vidricaire et al., Biochem Biophys. Res.
Comm 195:101 1-1018, 1993) and is cl eaved

Odﬂ'?‘j eeré&ElehMeﬁtfs \Mﬁwe(égéér‘?fﬂi r@x‘bﬂ ﬁe FUrEQ ﬁ\é@é?@(ﬁ Blo-
a'btuﬂufhéa@ éamsﬁﬁn@mhé’trcp @%Qﬁarﬁé@i i ﬁlgch¢m phys. Res. Commun.

1864 ERILLER pﬁJVQtZ%OJnt td i ﬂ?ﬂ?éﬁé\e ARE et 28&5‘3’:‘&2%&

domai ns has eted 0 be expresse
89§@87ét1@a8bdr9:9éwmmme@ tyxm$TethneNka®tai nkBialeClaemno2Bs: 26461-

265@/ %9?5?%1@@%%1%?5( é@%ﬂ%{;@ ?/Zgg:g E%ﬁ%@%ﬁﬁgeﬁggs
Bristol et aJ., BRiablemiThyc3a; 1 V6B BAS61 954 02s bb@@&meﬁmut andoessfully

bds 716-794 ("Sol -PACE") (Wasley et al., J. Biol.
%&em 268: 8458- 8465, 1993; and Rehentul | a et al.

OBRE 0B R s e L B0
thelig 9R)p. arlduin ivitronproegssingaafgird-pootaihk yas clestritiesli abgva. In one aspect,
the rFurin of the invention is especially useful in the in vitro processing of pro-VWF
and pro-factor IX. However, its use is not to be construed as limited to the
processing of said proteins. In a further aspect the rFurin of the invention is

particularly useful in the in vitro processing of recombinant pro-proteins.

[0049] A further aspect of the present invention is the co-culturing of cells which
express pro-vWF and rFurin. Thus, pro-vWF in the cell culture supernantant is
cleaved in vitro into its active form by rFurin which is also present in the cell culture
supernatant. Processed VWF is subsequently isolated from the culture and purified,
as discussed in U.S. Patent No. 6,210,929, incorporated herein by reference. For
co-culturing, all the common expression systems can be used, and various systems
for expressing pro-vWF and rFurin may be combined with each other. In one aspect,
an expression system is used in which both pro-vWF and rFurin are expressed in

host cells of the same origin.
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del etion of the cystine-rich region have al so been

descri bed (Hatsuzawa et al., J. Biochem 101:296-301 ,
wa2enssZieners et al., J. Biol. Chem 268:213PGHRIBBI)87732

1993). [0042] The endoproteolytic activity of furin

and its selectivity for basic am no acids was first

determ ned in experinents with pro-von WII ebrand

= e ’P‘ i t f i d
1005 OTné Rift-heblceir Ul ¢ 181 B elodl Wi AP BreiP Py s
or (sveAPRblsi Qflbeﬂ@ﬂarafﬂm@da/dth_ja ngdleic\eeid segueate andcEBO of .
oxBre e TEidned GO o Gt od BE T BelBiiebieguSagmice! the Parent
celArgviBer oF mah #feqrogeny ieﬁdqmtioQNN\ﬁdeﬂMo%y’brep lgahyt]ﬁgi finéke-up to
B Parehiy S0 3517 Heo 80 SeHs BrTestih and of t he 260

. VW, i h | | t tant. VWE i
(05D a1 miPBindngifes oy bt orlk G BT ORI thS ARt ed
rec@@hbisantpyoteindngenivs] Yheagsre! iheefls!in the pY¥seat Rivedtion can be
Pro Nat|. Acad. Sci. USA 87:9378-9382, 1990, Van de

dejisl (oM ANy SONESE: 1mPBe aspess, the ivestion pkided guldryolaens)
prokaPyflic 26 ddlleN amdtRePiPlett, Bfe WDERIDNINGUALEANSLRY, animal

furin or by subtilisinlike enzynes, respectively, are
cells, §igh cells, gphibiarrrls. avien eellswingestaelivrand weagt cells. Inone
I - fac ;
e nD Ty pahm PRUS AU O Lol BE B Bagmyces

e.¢- S Epfieyisie pp gl ias Sohizosaeadgramyces\dondie, [iuveionyces. k.

Zag!'és\/%(l #9846 % HUMdMEnZR vg"&l{)éﬁmﬂ,%%&" Kt &Pé%?%hi@?urwek!

acterial proteins (di eria toxin, rax t’oxin)
thermefelesans, end &l marganus; 6l yarthwsian TAG@dea0d 0sebRR Neurdspod

i e . 11124072414 1992 .
creise OTE Qs SSoriampisnis dootpnllt Nt ord Peciiym.
TOB/B_SCISdﬁBBl, 2468 gilli99A; nitklilamp . niger,alansePulac CaNdith,. KiBeakkra,
rofidgrs: e KodRer Uz, E1Ebpabl héagi it BRle Fufrapndlpatiomica
and SpGdbpteraBruiperdd,lardvbsap%®, 1990; Hosaka et al ., J.

Bi ol . Chem 266:12127-12130,
[0052] In a further aspect, the host cells are mammalian cells, including primary

epithelial cells (e.g., keratinocytes, cervical epithelial cells, bronchial epithelial cells,
tracheal epithelial cells, kidney epithelial cells and retinal epithelial cells) and
established cell lines and their strains (e.g., 293 embryonic kidney cells, BHK cells,
Hel a cervical epithelial cells and PER-C6 retinal cells, MDBK (NBL-1) cells, 911
cells, CRFK cells, MDCK cells, CHO cells, BeWo cells, Chang cells, Detroit 562
cells, HeLa 229 cells, HelLa S3 cells, Hep-2 cells, KB cells, LS 180 cells, LS 174T
cells, NCI-H-548 cells, RPMI 2650 cells, SW-13 cells, T24 cells, WI-28 VA13, 2RA
cells, WISH cells, BS-C-I cells, LLC-MK; cells, Clone M-3 cells, 1-10 cells, RAG
cells, TCMK-1 cells, Y-1 cells, LLC-PK; cells, PK(15) cells, GH+ cells, GH; cells, L2
cells, LLC-RC 256 cells, MHC; cells, XC cells, MDOK cells, VSW cells, and TH-I,
B1 cells, or derivatives thereof), fibroblast cells from any tissue or organ (including
but not limited to heart, liver, kidney, colon, intestines, esophagus, stomach, neural
tissue (brain, spinal cord), lung, vascular tissue (artery, vein, capillary), lymphoid

tissue (lymph gland, adenoid, tonsil, bone marrow, and blood), spleen, and fibroblast
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1991 ; and Vey et al., J. Cell. Biol. 127:1829-1842,
1994). The rFurin of the present invention is
w@owwesgiiat ed for use in cleaving these pro-preCEUSREE37732
wel | . [0044] By co-expression of the nucleic acid
sequences encoding intact furin and a pro-protein in
eukaryotic cell cultures, an increased processing of

B SILEL 10 1E5, SRR SELRISI LNl PRt

IMBF33 cédlls, BoolcellsCiHi- 22@8!!84:5814!8\@&6&1 cé19598>)anmsdy telts, Detroit 551

- VWE 1/.063 t
cefl, Dohfl) syiiRells Detdiidins Gl Berilhd ol et s34 petroi
5399:3%34193'{@&%8 &Q?Z%etroﬁfﬁgweﬂs ef?‘lElt. ROY eéﬂslemﬂROQr(]) cells, MRC-5

1 t url n_o he | S
el W EP el R e Nicheeiub e Tit <ol COSeEeas! ot cay
COB-G-deloN\Rird cblm]pss metez};@l% B[AO_Qﬁﬁis &as) Fftg%élféesv-TZ cells, M-
ession o | Nt ac ur | W
MEVERCBIER s R BAE sl BEO s N BB b, Gisch SHIOTI2
cel, ST difis, KIWN205 &fﬁlselt\/lbgﬁy BRiis2 Mois 8 @119 &fFhin 2071 gMouse

denonstrat ed as enzy mat | cal RY; active when co- expr ess

L) pellsy L\ stiaia (Mouseé) é@lt@dL NHe (Mﬁ“z%mla)t Geds.NET Giddgnes 2472 and
2584, SedPgA1 é’éits”E‘ﬁv%Eissrs%%Hé qn&?@?{}@%% ediis %‘ir@? c@héf&: b1l

he processing of pro-factor
Ce'ﬁ énd Jensen celegorsipigadas3hereof3) and pro vWF

Rehentul la et al., Blood 79: 2349-2355, 1992).

] ex@ﬁ%@@awﬂ@rﬁmﬁamwﬁdnwm varigties ofl OHSY,i B 51298,

Nébavézfé;%%/d hal htu?r;% o@?%ﬂ&@é BR ARG H"ﬁ{)so as well as VERO,

cy op smati'c par eln are no
HelLa, €66, MRIGK, WIH@TBUJLUkatoSa()RQ@nﬂuH-ICE 166, 2929, Lo 0138, CV1,

0046
T Vs SRR eE T S R St bl B e
egyg nelpr qukmewﬂplect arilde ewleahrqrogn cextemlplesy hodteep iss@ml-m telh Ina
0
rurfe sttt o! B 8aeRbRe e st bo ol £ B ar o
sudpension. and t he potential use of purified furin for the

processing of proproteins in vitro in general. WO
[0082] 096&8 ceisscari hesndiheered po esgresna pfotBAGEa (viarletyrof walybe

kn&idh RS %‘F’tslln%fbd\l’r\wngtbhut Ing ?ntqiité/de to%s?é:rHcgﬁc’ 8fr gxogenous nucleic acid
encoding the desired protein, optionally as part of an expression vector, insertion of
an exogenous expression control sequence such that it causes increased expression
of the host cell’'s endogenous gene encoding the desired protein, or activation of the
host cell’s endogenous expression control sequence(s) to increase expression of

endogenous gene encoding the desired protein.

[0055] Cultures of host cells can be prepared according to any methods known in
the art, and methods of growing such host cells and recovering recombinant protein
produced by the cells, whether from the cells or culture medium, are known in the
art. Such culturing methods may involve addition of chemical inducers of protein
production to the culture medium. Exemplary host cells and procedures are

described below.
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of proteins, such as, e.g., pro-vW, as well as the
preparation of fusion proteins. Stieneke-G ober et al.

W@ ENB@B8Y13 11: 2407- 2414, 1992) descri be the in RECT/DS2008/087732
cl eavage of influenza virus HA protein by neans of
purified furin. Decroly et al. (J. Biol. Chem
269: 12240- 12247, 1994) describe the in vitro cl eavage

oty X BBURES 20, Bl OO o5k Bt
eXpneealbb wettor asidg stampbmmnﬂedaialmg)aéahmqu@d In oBleoarsbem the
. N R REL IR D T
NBEAKD27 T+ M&hal CORE) for BiqubtHmidgy Ihfoxnhatidn] SUB Nt Library
of S{ESICF}?C Pg he,sSJ(a %gﬂ ta%ﬁegfzr égdﬁ\?olrberzcg-drgcﬁha 192&}3”1 %\%dart will

appeBiabel hét 84 Brotéﬂ Qavnn&furﬁ{ ﬁblo@kaﬁéotlmtﬁh ec WI@éﬂa&tutWo cleave
33:.14136- 14143, 1994) has been carried out
Presyddeostrarse MAtue » EpdeRrodyredian the ethodsdescribed

hefdi rﬁ?SFNH furthéeadfe a @H&hﬁﬁéﬂy%un@te@%ﬂ? g@ér@fe%qFDF?ﬁ wds €
nthe in vivo and in vitro processi ngmmﬁ{oro prot el ns

del%egn%gyz Aelsteg a%e@'deﬁrenéﬁ@nggﬂwm acigh 94casnprising the
|
cystMeeTthi fHe tf&sﬁﬁa‘?ﬁfr% égggﬁ%?gbpl'ggmy&ir@?n%ﬁbﬁ{& even further

processi ng of pro- wever,
aspes 3 tailpheming aeids maytbeasided o pidrin putification peocesses. In yet

an%ﬁf?ﬁf&gp g]t t%fl of 76 HisREiRL PidiGues \Da@aédérdt Jek aﬁ}?rpqeg&d %9ﬁ with

Inventiron 1s particularly use
or withquttinterjagent & iglygi n@fre$léueﬂ1$:ﬂerMIagtasrafdnxp_m«nhrmens .
[0049] A further aspect of the present invention is
[0G5HE doxpeessiarr venjorefoptiendlly nwyi iohluda proesmoter.coneVd raore

enﬁfﬁbrelrg emégs aw Yry\gf He Ilée{?gncgtrgnsc%) i?éﬁ?%%%%ﬁﬁ%%%ﬂénce,

RAVE T H VI I nt s actrve
a optviptie irgraal @qupmmmﬂtammgtdrmrme bhd aoddptioresptiog site) at serjuence

er B3 Pl o USSR LS Re B0 LA Bamanans
site§ ,aZﬂdDya&@ﬁylatlm sequaEnae el pbiglirkien rddyort fof #isenieg.thdnicleic acid
encoding the polypeptide to be expressed, and/or a selectable marker element.

Each of these sequences is discussed below.

[0058] Optionally, the vector may contain a "tag"-encoding sequence, i.e., an
oligonucleotide sequence located at the 5’ or 3’ end of the furin polypeptide coding
sequence; the oligonucleotide molecule encodes polyHis (such as hexaHis), or
another “tag” such as FLAG, HA (hemaglutinin influenza virus) or myc for which
commercially available antibodies exist. This tag is typically fused to the polypeptide
upon expression of the polypeptide, and can serve as a means for detection or

affinity purification of the furin polypeptide from the host cell.

[0059] Suitable vectors include, but are not limited to, cosmids, plasmids, or
modified viruses, but it will be appreciated that the vector system must be compatible
with the selected host cell. In one aspect, the vector is a plasmid. In a further
aspect, the plasmid is pUC-based cloning vector. Other vectors that can be used in
the invention include expression vectors, replication vectors, probe generation

vectors, sequencing vectors, and retroviral vectors. Vectors contemplated by the
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co-culturing, all the commobn expression systens can be
used, and various systens for expressing pro-vW and

w0 Eweioss7may be conbined with each other. | n onRPCHER®O8/(087732
an expression systemis used in which both pro-vW and
rFurin are expressed in host cells of the sane

origin.[0050] The term"hos¥ cell" is used to :refe; to
g 0,288 DAL ATRAEN o0 3 SERRRIGS

trankfermed wik pecsshinantdasteriophagk, gpasmid)fphiagémide ot coshhid DNA
ermincludes t rogeny of the parent cell|, whether
epfEsoh VBB Sead TR R uith oS SRF oot dpSeencen
systematinfected kethugrat expression v@it%vall(e.@?baamovim)j 186 @ siftems
sel ect.ed. . gene i s present. 5 e inyent]qn
tfaﬂﬁ‘J&F&?Saetha @'Sﬁégié%é'é’f‘l‘@@ré ﬁ%o%t bawﬁww spige/inis; CaMV;
Tob&EMbSBa Virs, TN NortF D Etstined With TR TP ELpret di6n ¢64tbE (e.g.,
i nventi on can be derived from any

N ?Réhe 2orese,nt_ (
Ti QRPRE2Z plasyidy: fyep@ning| el sy¥eMSon i ncl udes
eukaryotic and prokaryotic host cells, In another
W%@Eec%?mm?éan RARIFEPIGR VPRETLRISA eamePrise arsorigim phigplication, a
suitié Bromdteh aR€lalsd, argHRAIBESI A ri6&ddnTe biRMINBitES! dofyadenylation
.insect cells, and yeast cells. In one aSpect,
Site &BHp 4PnPrPed acceripr sitasnipnssdpipngl teiminatign spquences, and 5
MR Rl SR L AT YRRE sEfinost gflcallar Bt S0 vral
gegrppe, for example aie IS0 igin, eagw praruier, lenhanesk esnding.i gndk,
WiatinK ai j |l : r . . an
polfEcrvatiolsih A okt Tordbiod BETBQURLCE BRSOl
elegrents & xedptan sokarpgticcwsctas inaute mNAS pYéloiabe pSaReat,

ool B3RP C5Pil) Y ACIAPPEDEL iy (R B,
QAL B9 e T et SSTELY SRS 6K 1 e

artf e.ggihprrtidiposorde Dnexiatpd itraasfef, 08&htortmediafedrttamafer (ligand-DNA

t el | re l i cell 1 ncl.udi ng, .
coRRE bec 5o el THR s, s Bk, Wi
chloedey icakiune phodphateaprecipithiton, bricophitiale bpibidiéheat, intedtibs with
viral vectors, lipofection, transfection, or homologous recombination.

[0062] The term "transformed" or "transfected” as used herein refers to a host cell
modified to contain an exogenous polynucleotide, which can be integrated into the
chromosome of the host cell or maintained as an episomal element. It is
contemplated that in certain aspects of the methods provided, the host cell is
transfected in a "transfection step." The method may comprise multiple transfection
steps. In addition, other methods known in the art for introducing exogenous
polynucleotides into a host cell, including for example, electroporation and cell fusion
which are not technically "transformation” are within the definition of the term

"transformation” for purposes of this description.

[0063] The invention also provides methods for culturing, i.e. growing, host cells
under conditions that result in rFurin protein expression. Such methods include the

step of recovering the rFurin produced by the host cells from the culture medium. In
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tracheal epithelial cells, kidney epithelial cells and
retinal epithelial cells) and established cell lines
wW@e@nsssiy strains (e.g., 293 enbryoni ¢ ki dneyPCEUE208/087732
BHK cells, HelLa cervical epithelial cells and PER-C6
retinal cells, MDBK (NBL-1) cells, 9 11 cells, CRFK
cells, MDCK cells, CHO cells, BeWw cells, Changcells
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N V, 2RA.cel. |l s 5 .cel.ls, BS-C-I ,
coftBpiéhts redhpeye i pESh i e el S ot Igbioa pad isac
freqeérhtEy coﬁ@%ﬁﬂétededlltmmlc?@olg@rﬁédﬁ,, s@h@s%iﬁéﬁmﬁ/gg{@éﬁa, the

pf%ﬁ&"F% of Ma '”é'é? ?G@@a@épwoéucw %aim § ungegialie s

Futhermidrie) theBlesepck o afifal prdteind ivasumhe iROéUIture media can
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co%gtéﬁgﬁlc\}veﬁlch E'E;lr \Angrget%ﬁ# ihding %8 q%%ﬂd?o&xﬁ% ﬁ"p?ngla one or
MaBDeRpexEs soMEXBEng one or mormlazemmt sompeuraisc fl $asne

e B s FR T A SR dnpls el esg e Poolex
complisisg ohORF fdre Htalha'tior(lalemlentshﬂrls@ﬂ; bRioos theseofliBDIMIEXEd one or
k8 e SR A MR SE IS Bl i some
emedihsants,-tMMe@Mnus&ab)ableeif lsappdiidhel cutes d4éls andtro and
pofer BT AL B e o, o1 Lo, hrdtan it ac
00%%] de,&éc\c/)rélﬁgv osortnehaesrp%%r 2)f the invention, a transition element is preferably
selected from the group consisting of scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, yttrium, zirconium, niobium,
molybdenum, technetium, rubidium, rhodium, palladium, silver, cadmium, lanthanum,
hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold, mercury, and
actinium, or salts or ions thereof, and is preferably an iron salt. Suitable iron salts
include, but are not limited to, FeCls, Fe(NO3); or FeSO, or other compounds that

contain Fe™™ or Fe*™" ions.

[0067] Metal binding compounds in the medium include any macromolecules
which can interact with or bind with transition elements and facilitate their uptake by
cells. Such interaction/binding can be covalent or non-covalent in nature. The

metal-binding compound used in this aspect of the invention is preferably selected
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[ 0053] Exenplary mammalian cells include varieties of
CHO, BHK, HEK-293, NSO YB2/3, SP2/0, and human cells
WG b/ 08851PER- C6 or HT1080, as well as VERO, HeREr/USIOBS/087732
MDCK, NI H3T3, Jurkat, Saos, PC- 12, HCT 116, L929,
LI k-, W38, Cvi, TM4, W38, Hep &, MMI, a |eukemc
cell, an enbryonic stemcell or a fertilized egg cell.

f | n
fronf oty BERisthl, of Bty by RyeffoiGe SRRUAME, BRR AT
tris(ﬂé-di’eyﬁrumybenzom)ammm}ntehﬂmyllmr&eﬁéﬁtbﬁbhedlamlrmus }Né-ns i on.
el Eie PR sPOapE 6. RCRE)STkroth SPChARRE A B, ferous
gldd’(mbusdi aglybesantiosglydani ‘d@d‘uyléhetrmiﬁhéﬁ@ﬂaﬁeh@é@@leﬁl@bﬁmc acid-

d ding the desired protein, optionally
-3y PG RBSF 8081 B0eBRorT isah it ahc 3By,

hy@BMREETAEISersRVE BSd %embrc&bnﬁ@g@@ﬁ GR aPMES a&uB %‘en{/étlve
causes i ncreased expression of the host cell’

defsiaRIRIRBUETIRXARING, H81 PAGICPRE hike ARG dehadives Weremf DOTA-
lysttd, latakaghyriff a Eék?p Asla F8LAMmMoBRPBIRRAUL, BXPLIBRSL ON

control sequence s) to Increase expression o

hydiexrsershondic geidea dnbystiiviepecabamats., reélwl prafiok Brhyd[@055pyridine,
anfYREBH ?S Irpén{%%tecp @hd faqrﬂ)lrpl‘ﬁ'ngo&gﬂﬁ(fﬁﬁ lé‘g‘b%;%'l thcht:% sorbitol

any met wn I n e art
or dextrerh @sd p@élmlarlaﬁdrmtet; onex ietfejed emcblth@metqifmrtcbmmcompound

is § %?&&92&%@&&%&@4 éucﬁ"@§5rﬁ%h§x§/§m&&§ %Jn&e 3H dr%g—4—

um are’known in cult
pyrcelehBds/dlmypymd+2\fmea@dn)tdlmmypwﬁd42kmm Gaiydrdxglplymf 4006, 1-

nyBlsSYS PoRE e et Do G M S P T iy 2
onaug-hgdroxpe{ tH)epyeidiiong, ethflunaltol popyriaibl isenicatiny NsRIréLthe.
Trgractaf Sp SR8 5By iR AR R nVHion saf aitt bic garent odtons

suthias €iat’ @ed Kig&ncodes the human furin pol ypeptide as
set out in GenBank Accession No: EAX021 11 (Nati onal

[00B8)t eThé cultuBe aieeitinmof hg\prés¥no mvehiianmalcSmphied beeat more
ingchlagtrer?trs%elected from the group consisting of adenine, ethanolamine, D-glucose,
heparin, a buffering agent, hydrocortisone, insulin, linoleic acid, lipoic acid, phenol
red, phosphoethanolamine, putrescine, sodium pyruvate, tri-iodothyronine,
thymidine, L-alanine, L-arginine, L-asparagine, L-aspartic acid, L-cysteine, L-
glutamic acid, L-glutamine, glycine, L-histidine, L-isoleucine, L-leucine, L-lysine, L-
methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan, L-
tyrosine, L-valine, N-acetyl-cysteine, biotin, choline chloride, D-Ca*"-pantothenate,
folic acid, i-inositol, niacinamide, pyridoxine, riboflavin, thiamine, vitamin B, Pluronic
F68, recombinant insulin, a calcium salt, CuSQ4, FeSO,, FeCl;, Fe(NO3) 3, KCI, a
magnesium salt, a manganese sait, sodium acetate, NaCl, NaHCOs, Na,HP Oy,
Na;S0O4, a selenium salt, a silicon salt, a molybdenum salt, a vanadium salt, a nickel
salt, a tin salt, ZnCl,, ZnSO or other zinc salts, wherein each ingredient is added in

an amount which supports in vitro cell culture.

[0069] In another aspect, the culture medium of the invention may optionally

further comprise one or more supplements selected from the group consisting of one

16



of Medicine, Bethesda, MD), however the worker of

ordinary skill in the art will appreciate that any
wWEe@vessTihavi ng furin biological activity, i.ePCT/Uk®08/087732

ability to cl eave pro-VW to produce mature VW, can

be produced by the nmethods described herein. In a

further aspect, a GCtermnally truncated, fully

or znﬁog% g SQI é: W grﬂ)eﬁ@oz'lgdg%g{] %%Ir?eg%eeggl ettﬁd%g@é\%ﬁlg%ootr more plant

pepyd;sts (nmst prﬂﬁerablly@nbrommmremibrne@%lo@IMat sy, edize wiheat, pea,
further ect

ol PRagh e Gofrle o isen DPW%E?@'?%gwadopﬁar&%\ggegowt
antifor gmenaﬁvahhemd/aswbn maret @thér ;ﬂﬁntép e"@ Séééjlhfé@nétlb‘hhﬁues

m no ac or w t hout
apmﬁ:‘agpin QE’engﬂlng 8?%5& H@'FE%‘? aa&éo%ﬂﬁﬁﬂﬁ as a
100755 | P cilers MR Lie REALerE irgian Bakglsoepionally ncilde
oNn& BF HRIAE BEfferfy &Ycntl 1 rﬁémfaﬁpbm eplirhabH.astitbNs BliffdHnghts
term nati on sequence, a conp lete i ntron sequence

incisier BHEAN ﬁgﬁ‘%“'%%?o Nolg- W@&@Wﬁg\y'lﬂﬂqréén%ﬂ' -ethanesulfonic
aciRlf ), foPgi MEsaph&pHale, cha?ddmgel L &H@P&?‘fécrmg agents

t| de secretion, a ribosome
SU'M'?/E@@WI"”aﬁ‘?’bw’tg@ﬁmﬁ'ééﬂorﬁ Muyablmbgffemrm;agﬁntﬁmne that
VibRSs! P
pro AR IR ng b WGP RGN RO LORRAER e
selgttiarefsuiitalelgbeferng agerds zsouﬂmemetmhbmpf ¢rai0@8] skill in the art of
cefRiipmal | y the vector may contain a "tag"-encodi ng
sequence, i.e., an oligonucleotide sequence | ocat ed at

[oofjig 5rhé35bo°</e cFé%?nt?éd FnQ #Hd%neﬂ{secu JRixEQ Sd%ﬂw ‘i

eguence; the o |gonuc e encode pol yHi s
sol@t&mf@rmsa tramplefesdultucsr madlunh@‘rthé peggensineéntos. A AEnplels

TRELI R0, O PER A Bl B el g
desoriped a mprd dstacu hein. hBagead orpibetinfdenatuonotipee ssrein) ant

o 1BaBE DARSRILEE) rRRR o BT 80 PR T BRE of ey skt e
artfgah ypegir bplerafwe)metiiae‘ohmslhtuml without undue experimentation.

[0072] Initially and prior to adaptation for growth in a chemically defined serum-
free medium, host cells may be grown in standard media well known to one of
ordinary skill in the art. The media will usually contain all nutrients necessary for the
growth and survival of the cells. Suitable media for culturing eukaryotic cells are,
Roswell Park Memorial Institute (RPMI) medium 1640 (RPMI 1640), Minimal
Essential Medium (MEM), and/or Dulbecco's Modified Eagle Medium (DMEM),
DMEM/F12, and ExCell 325 medium, all of which may be supplemented with serum
and/or growth factors as indicated by the particular cell line being cultured. Notably,
however, the invention provides that the serum in the media is then removed from
the culture to obtain host cells that can grow in serum-free medium. Thus, the
invention provides optimal media for culturing host cells under serum-free conditions
for maximal production of rFurin. In a further aspect, the cells are grown in serum-
free medium in suspension culture. Recipes for the various media of the invention

are provided in the Examples herein.
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[ 0059] Suitable vectors include, but are not limted

to, cosmds, plasmds, or nodified viruses, but it
wWawR00b/08851Rppr eci ated that the vector system nuBCT/H82008/087732

conpatible with the selected host cell. In one aspect,

the vector is a plasmd. In a further aspect, the

plasmd is pUC based cl oni ng vector. OQther vectors

[Odﬂit ﬁac{hebaeslglgg aﬂtitt)ilaﬁc P(ytﬁgrt %oq%ouwg el#gfuéf &ﬁFeCtS\IIG‘? Srowth

tors i-on vec ors,
of trexgfomsed wlqu&a«tdemas/eswmemeahtd themedid. r'Hie steepoung.to be

st 0 P PR sl iabit ekt et acssal PEmesplas i uin
whidhathe fhosteall wad trarfstsransal ISeNcténse hﬁrk@p{fm onfek asvdtdnce to
ctors; yeast

ool BBt are R el (o PECUMA LB Yskag necapinods

an8 tohPaBitiond 6the thwehtidh. VFradxamphs, %ﬁr@ﬂweVﬁFéc%tﬁe ('@argen
bacul ovirus); plant cell systens transfected with

elepeni s kangrisin eaistasce ohe ceep@und edded fo thaskitwsgaedium will be
kaYarhiSn. S .cofpRaRELOMRERE Ve %;rb%?h indNE af| .éunmé{r%y&gﬁe

W t bacterl al "expression vectors % [
gepeticihingpmyein, 2y cimizen); w&my@ryé?/é@t Ia[s@ole(.m]S(BlaS) and

enﬂ\vtbmala.m eeﬂefes@ REAKNRSE fkﬁosvgrm ! dY afPORHIS K o

origin of replication, a sultable pronoter, and
CO@ﬁyslh@mﬁe@mﬂamythoﬂb@émnmn’mdnng sites, pol yadenyl ation

site, i ce donor and acceptor sites, transcriptional
[0G7&t mi Ma{?ab@lm: erzymasdeat, coarat oBll sarrvarrakomgdmmﬂamm Uitocbet

pre%%ﬂb‘@d‘gﬁﬁhtloq?@%aﬁ %%%ﬁssedg@ mé’ ﬁl%ﬂrordg lQntd r&%p’n@%{ao% {)fa{he

genonme, ftor exanp
inventicnsc Exampiesiinadydeabdt arel ryxhdmnycﬂ a:t |dd1ydmfd)Iate nedycthse (DHFR);

, ' ’ equi Xpr ion_contr ol
nelfREihie? VAR HerdiGe KK () BRLETDIE o iite. peomas,
phpafihoebosyitvidéatse (CHIERT) BX?IIIa,dean@ msem!mrmlgeﬁeémsﬁé’dg@

V, VS SVL 06 el

ARRTY wefte BT P B iesB Pecamiovas nys kg s PR &7
APRTe rexpectivelyg . Trtmgonkghoﬂ ?mmml : mghebﬁgdvm éﬁqlﬂéleéfe, however,

tor- ted tr ns e I gand- c ex)., )
that A kY efbar&ﬁﬁfﬁ 1© et lﬂ”n‘f"[!- asneiipie o HesS igeq aroteins.
OOI?E]AE 'Hwex%e ium can be used to culture any host cells or hosts known in the art
for recombinant protein production. In one aspect of the invention, an exemplary
host cell is a CHO cell. In a further aspect of the invention, the medium is used to

culture CHO cells in suspension.

[0076] When the recombinant protein of interest is secreted into the medium by
the host cells, the medium can be harvested periodically, so that the same host cells
can be used through several harvest cycles. Culture medium may be added in a
batch process, e.g. where culture medium is added once to the cells in a single
batch, or in a fed batch process in which small batches of culture medium are
periodically added. Medium can be harvested at the end of culture or several times
during culture. Continuously perfused production processes are also known in the
art, and involve continuous feeding of fresh medium into the culture, while the same
volume is continuously withdrawn from the reactor. Perfused cultures generally

achieve higher cell densities than batch cultures and can be maintained for weeks or
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chloride, cal cium phosphate precipitation,

m croparticle bonbardnent, infection with viral
waeeposss13 | i pof ection, transfection, or honol oRGLES2008/087732

reconbi nation. [0062] The term "transforned" or

"transfected" as used herein refers to a host cell

nodi fi ed to contai n an exogenous pol ynucl eoti de, mhifh

t e r S of e host. ce

mcgrﬁ!% n&ﬁh éﬁgaergeaéntgegp %%ggggﬁgﬁ[ﬁesr ?ntifl Eatc feefed cuatures
are bumesmmabieé@r thé atanufect@irigeof mF ardp @stase ofher bealtureti@bicds known
. provj ded, the host cell is transfected in a
mﬁ'} a&Lsf ection step.” The rret hod may conprise multi pI e

h
073 A B P BUFRE syl st MSa iohe S Meeice b Aokse spinner
andBshakex flaekd, rolRdr bottied @nd dsltlif‘tgd-ftéﬂk tﬂéﬁr@ﬁ”@ﬂoﬁs Roller bottle cultivation
usi o

[
s SRrIVCETTS O by R g G el o Hill Bt et A orctisl egie.o.
to 00-30MEoft bt K/\ﬂthsrﬁédlﬁiﬂtdr@lnslovf/l?rrot@térdpﬁmngﬁeﬁ%sattach to the

scription. [0063] The invention also provide
Slq?éﬂ% Hiesdatiles and grgwi tagonfluency g BRicARY mecbim lsdaarvgsta% Ber

deéémmbtthé’ Q@pérh@tfanf Whtls 'réblé(FéH \Jw'fh RESH RkBiLAX pAﬁc‘ﬁ%'r%}ar -

Such net hods include the step of recovering the r
depensifit eelsipntateo b sultivaipd @nm@r@paw@r &g tnnlsenwmnmes that

ard H\%Wlté?ﬁ |é§‘fes¥5| ne@?ﬁwtstlrr%gq mﬁﬁaréa‘g drs, ﬂggfrngfl@éw éeﬂs @an be

chem ca Serumfree ecause’ 'serum
grqw ia smgb%nelh'stmenylomdefu ned materi aI cont ai ns many
conponents whi ch have not been fully |dent|f|ed
[00i8i f eFle amemitiabrFurin prodyuceshiy & Sostrasd wentleyevaluated using

staﬁegrtggrﬂ'ét'ﬂ@BEQn n'n ] ?n%étﬁgds &%'aﬁ%m’( Jt %’ﬁgh@rpd

asma presence of serumin t
Wesiterd idatiapalyeis, SPSrpahyacsylamdesgei alectropheanesis aramedenaturing gel

oRBE38I585 Ugh DB B 8 o oD REcS b,

can g U|re
mrpOﬁ)@#]acnmlqnnEEtﬂA @ndtoh acfityrasspysosuctiess BNA binding gel shift

Iy f
as{ivg e RN idh BRbicARfnTA b iy FPRgF oLl it
anbuamfpe@tbeﬂbeﬂldaly) af dfurmoah beisvaate. usTitestandara mesthedDis

known mqﬁe alr“{ escrlbé/d hgr%rngam ¢, synthetic

[0079] “"Substantially animal protein-free rFurin” is defined as encompassing
preparations of rFFurin comprising host cell protein in a concentration which ranges
from between about 0.1 to 0.6 ng protein or less/Unit furin activity or between about
2 and 11 pg protein or less/mL and essentially lacking contaminating proteins from
serum in the culture medium. In one aspect, the substantially animal protein-free
rFurin encompasses preparations of rFurin comprising host cell DNA in a
concentration which ranges from between about 0 to 0.4 pg DNA or less/Unit furin
activity or between about 0 and 24 ng DNA or less/mL and essentially lacking
contaminating proteins from serum in the culture medium. In one aspect, host cells
expressing rFurin are grown in a chemically-defined, serum-free medium.
Alternatively, the cells may be grown in medium with serum and purified according to

methods provided herein.
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or reconbi nant and as such are not obtained directly

fromany ani mal source. [0065] The cell culture nedi um
W@R00vk887pF esent i nventi on may conprise one or P@F/ES2008/087732

repl acenent conpounds and can conpri se one or nore

repl acenent conpounds whi ch can be netal binding

conmpounds and/or can conprise one or nore conpl exes

' ds
O(rjil-igétrl*t%llg rel?% %Esnﬂ@?lﬁunr] C%ﬁ%%ﬁlgr%ptm é&%ﬂ%@gg{\ l%péeds L?rgefree of
angoatinelvding ramah) «denpdacéwtxsbmmes&ndgr cheenastatronditions. The cells
eI enent salts . ar ere

t (0]
ar TR e i el ke S euihine S cuTe SR8t R
conedraatdal Wulngfllﬂafmoumwﬁurlfldd tsaor eﬁﬂ’tw@e{wfﬁrﬁat?gﬂé@w to result
rt n cul re o
n faolie 6 AR R 2ot RETIdes, o TAda Yulutl ofsdesst about
200bemasfnl, cﬁf@@éﬁstéﬁ&ﬂ@@bb@)rﬁt@/nﬂn@f AIRRE bhb&ft 4000 Units/m, of at
invention, a.transition el enent is preferably sel ected

least 8he 008 it/ elorlsatdeash goest EDORAETISHT. o atdpasuapout 7000

Un\t@ﬁﬁﬂdéﬂidﬂleééh BB EB00 TRIRGANESEat 164D Bbom‘}t@@)@btumﬁhﬁlk@ at least
bP ﬁ}ﬁ)@ zinc, yttrium zirconium niobium denum
a

Mmﬁs/mlugf ileant abpWdiS0RD Unilsinaldpiahleast ab@wt 20000
Un‘?té‘r‘%m1 Bt Ié&?é@&ﬂ%ﬂ@@fnﬂéw oftefi‘qga% é‘l%\ft 3‘6B§§Uﬂﬂs/ml of at

enl um osmum Iridium p’Ia
!eaébabcmt@ﬁp% Kngaimlsof @t ldashabaut éﬂ@@@ Unawml,u of qbreafseamut #5000

UnﬁQ/rﬁl r(ﬂ‘gét ?’é%s{ ﬁb@f'%@@b Pﬂ&/@‘n SfaJ’g %&Q%Lﬂ %% %¢ Eﬁutglhzuoﬁ Cziag
leashalpout @ﬂeeﬁ) Wnfe/miof gt dast-aboiw ﬁgooqy 0689/l Mimleabt atstub Joooo
R8T 15 56D VLB 4 B R DY P ot
least aetiB5000 Unitslail | oftateast Aisdut gopocakleww,cmlalt RasSatdut 95000
Gt BB ot s el P Dt o
leasf atidut mnmummrml of pt et @vuy 16@00ECY Bt hp Y hiteagrabiant
18@(?(2)5('%% ;\“T"NP ofht Bab oLl 20 INRNP ARG I AR eSS abeat dosdioo

Untts/hﬁ,(a?hda:muohyfdrreqw@eommd Wi no- met hyl benzene,
et hyl enedi am ne-N, N -
[0081] In another aspect the purified solution of recombinant furin of the invention

has a specific activity of at least about 10 U/ug protein, at least about 20 U/ug
protein, at least about 30 U/ug protein, at least about 40 U/ug protein, at least about
50 U/ug protein, at least about 60 U/ug protein, at least about 70 U/ug protein, at
least about 80 U/ug protein, at least about 90 U/ug protein, at least about 100 U/ug
protein, at least about 120 U/ug protein, at least about 140 U/ug protein, at least
about 160 U/ug protein, at least about 180 U/ug protein, at least about 200 U/ug
protein, at least about 250 U/ug protein, at least about 300 U/ug protein, at least
about 350 U/ug protein, at least about 400 U/ug protein, at least about 450 U/ug
protein, at least about 500 U/ug protein, at least about 550 U/ug protein, at least
about 600 U/ug protein, at least about 650 U/ug protein, at least about 700 U/ug
protein, at least about 750 U/ug protein, at least about 800 U/ug protein, at least
about 850 U/ug protein, at least about 900 U/ug protein, at least about 950 U/ug
protein, and at least about 1000 U/ug protein.
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t et ramet hyl enephosphoni ¢ acid, trisuccin, an acidic
saccharide (e.g., ferrous gluconate), a

w@Reen08sImd nogl ycan, di et hyl enetri am nepent aaceP¢TUSINEI)87732
nicotinic acid- N oxide, 2-hydroxy-nicotinic acid,
nono-, bis-, or tris-substituted 2,2 -bipyridine, a
hydroxanate derivative (e.g. acetohydroxan1c aC|d) an

no defe
O SR TR BB ol B Y Benton
cob@iral bc&lt pell pr@tén@éa@ byrﬁddmtraﬁo@aﬂﬁbw fHaﬁ abdut 20.0 pg/ml, less than
m nocar boxyl i ¢ aci

ARy G 8T 55 1120 SRok 8.0 4SO sk hamabeut i waim dessy than
h I
o819 vy NAE K 8, 308 S 10,908 o
absotr ‘[ﬂ 0 pby/naly lede danaabouanzl Opay/rhl tagsakary alsaut thCDug/rrll Ness than
t he net al - bi ndi ng conpound i

abrﬂg{jf%gygﬁlpecﬁgwa@eqqqyéﬂ@\()élg/rgh&qﬁaségan about 9.5 ;,Lg/ml less than

abgﬂthy Q L@ MSE %eﬂ\ea%u@é'sd;gg/wﬁg%dtﬁgﬁﬁbéut &y kgﬁﬁ less than
hydr Oxypypyri d- 2- one - hydr oxypyri d- ,

abluthK/I nghyipless thah-aeif 7 0- pdiydlnessythyn Bbe@-65 ag/ml, less than

203 3 D ST lesS B sOA e s bes® (B4 gps6y0 gl foss than
abblit P5 LigHhiNRAS thatt abdut AR |t dg?xlm ‘Pésspc}rﬂéh quu 0 ?ﬁ)?hlcl%é fh

hydrazone. The netal bin npounds of resent
abpuheh1gaw, g tlwnsabobtt ad pcg/malmstthalaabwtsz s;ugmmlalsss:maﬂ

oo 05 oIS FIE L M oS B G o8

abset cespgnlnn‘ re@mﬁarmeawuoum M6 st then Bbo@dEDN | .§fnl, less than
et hanol am ne, gl ucose, Eal‘l n, a buffering agent,

abﬂ‘y‘d}%é@é"i"r @éﬁé"anl ahout PA, na/mh@ndiaboricd 8g/mli poi ¢ aci d,
henol red, phosphoet hanol am ne, putrescine, sodium
(&?i uviatagother laSPQfddhﬁyDﬂﬂﬁﬁdw@luﬂqmﬁ rBufrein the inventiorecontains

hoé’( c%il %‘r&bi‘ﬂeat aleghel Qﬁ"thl%hQﬁiesE tﬁaﬁf%&dtq @ﬁé ﬁrot%n gy FufhNRss

tam c aci ut am ne, cl ne,
tha_nab§@t @@émeprotgln/@uEum |es_s.thyr$ rah@qt 0908 poneind) rFurln less

the{w PEs H%ﬁ 8&#@%&6‘@%% I%rsg ltﬂeﬂlabolut 3% rﬂiErole rﬁ/Ur £ ystqg?s than

val ac et
abmtcﬁ 751ng pmelnhbrﬁumhohessj thanliab@aw YQargﬁ prbiwmutréunn less than

about 0.65 ng protein/U rFurin, less than about 0.60 ng protein/U rFurin, less than
about 0.55 ng protein/U rFurin, less than about 0.50 ng protein/U rFurin, less than
about 0.45 ng protein/U rFurin, less than 0.40 ng protein/U rFurin, less than about
0.35 ng protein/U rFurin, less than about 0.30 ng protein/U rFurin, less than about
0.25 ng protein/U rFurin, less than about 0.20 ng protein/U rFurin, less than about
0.15 ng protein/U rFurin, less than about 0.10 ng protein/U rFurin, less than about
0.05 ng protein/U rFurin, less than about 0.04 ng protein/U rFurin, less than about
0.03 ng protein/U rFurin, less than about 0.02 ng protein/U rFurin, less than about
0.01 ng protein/U rFurin, and about 0 ng protein/U rFurin.

[0084] The examples herein below demonstrate the invention using CHO host
cells to produce rFurin, however, the worker of ordinary skill will realize that any host
cell type can be similarly adapted for producing the rFurin of the invention. CHO

cells have been widely used in the production of recombinant proteins, and
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folic acid, i-inositol, niacinamde, pyridoxine,
riboflavin, thiamne, vitamn B12 , Pluronic F68,

WO e@ongs7Tmhnt i nsulin, a calciumsalt, CuSO4, FREDS2008/087732
FeCl 3, Fe(NO3) 3, KCI, a magnesium salt, a manganese
salt, sodium acetate, NaCl, NaHCO , Na HPO4, Na SO4, a
seleniumsalt, a silicon salt, a nolybdenumsalt, a
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cor%sg%tor&ale%rogw‘é%a n gegl?r% rlﬁ)glgg ﬁ%&(ﬁ%h%%ﬁﬁll%%ggﬁqﬁg ! gte)r/xglaas nd
comémfseﬁ@b) Son@sthets WHIER h@le hbtsbendLIPEIdERTRd P YheilBitidAs

pea, squash, spinhach, carrot, potato, sweet

deﬁ@&?ﬁ‘@é THyp iSEET Wawfé%rd‘tpm paichdg ba@bc@?ﬁﬂbwﬁﬂ%mgge@m to

defRfRlhe 181K Bf theN&riblis E&hSorineanPlrRMeibct Sh Ge celi§e
i nternational application no. PCI/US97/1 8255

[00@'5P| | RhRdiiRR, WALRTS %é&éatly[c%ﬁ?a%méﬁ'@@ vﬁﬂh‘ rhiéFcFor%E‘é%ﬁéd#%Qéh as

resent |nvent|on may al so ogtlona I NC de one
v'rwﬁesménmm@ma@aag @hwglch awehgbaHessn bpitilraprepent an

ad§Hbﬁa?thﬁn fa%fdrn@u?t el tAg! ‘r'é’&nc@lé A Rteihd [ Lfdre
AR i BRkoihs

ydr oxyet h pera ne- N - nesul foni Cc
meéica @ﬁn r(eHEPEE)ngthvmn@ﬂcw@s prpmis,pemt v, pasticséarbbearesence of
boﬂﬁ SBtuMéselr'Hagln@%%mrﬁ lﬁg%$ F¢J§§uﬁfﬁaﬁc§* bt the desired
ture app I cations e agent
anm@@l&aﬂmrmdlbdébe mmmman@ Cd:@)aell line wtntehmhy dlfﬁcu|t Removal

I d. Th
o G4 Bl A FREHEbI 1 B NPl STl B v
additidma pcdduot istiag regeiced bfterrretr’rwabmddscgreateﬁ to tioeicostroé.

71] T bpv escr dia c nent s. when
proghffor e gRRREE CRREBlER. Tiars Are BoRas Pabindi Prre
medizth devaid of asinat e@apﬁnerﬁywhv‘ch avill sdppoetgeiieiae grondh, Lespiesially
of ﬁa% !]sgx\flrglrgl Lﬁi& cgEs EQ (re\o readu yrgero(v)vfm se\r/u%-lfr%teycon(fjltlons the
present invention provides rFurin grown in CHO cells under serum-free conditions.

[0086] Engineered CHO cells are also difficult to grow in suspension. It is highly
desirable to achieve growth in suspension when using the cells to express a product
like rFurin. For the production of such a biological protein on a commercial scale, it
is desirable to be able to support growth in fermenters of a considerable size. A
suitable medium is also required to support the cells so that they may grow in large
production conditions. Such suitable media are set out in the Examples herein. The
worker of ordinary skill in the art will appreciate that any methods of culturing cells in
the art can be used in culturing the host cells comprising rFurin as set out in the
invention. Non-limiting examples of culture methods are provided in the Examples

herein.

[0087] The invention also provides purification methods that are carried out after
cells are grown in serum-free medium to remove CHO cell proteins from rFurin. The

worker of ordinary skill in the art will appreciate that any methods of protein
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described in nore detail herein. Based on the

i nformati on obtained herein, and know edge possessed
whgoovkgsses of ordinary skill in the art, one of POF/tUbI988/¢87732

skill in the art can obtain operative nedi a

formul ati ons wi t hout undue experinentation. [0072]

Initially and prior to adaptation for growh in a

e Hele erunfr

oo Rhown Pl e TR (E L RauOR /L rrofin gl g g fure
mesdiirh | Non-lmhmngamﬁfbsoﬁrﬁiﬂir?aamd dnetl&dalai‘e'pm_mibdlmﬂtkfﬁ |t .

nut nts. necessa r.t r owt survival o e
Exaples Tein: AEe il sP¥ WG Pt s aniialvdtie fom ai
anfice soﬁi@%\mbtbmﬁﬁr%d\@ﬁﬂﬂtéd TissidstdrtialyRahal ?E@élh“ﬁee rFurin

1640 6RPM 1640), M nimal Essential Medium (MEM
is optionaly PArasHERzsNIniibifis i ed Eagl e Medi um ( DVEM)

DMVEM F12, and ExCell 325 medium all of which may be
suppl enented with serum and/or growh factors as

i ndi cated by the partic ell line being cultured.
Not abl vy, hovvever t he i%ﬁ”—ébk—s-provi des that the
umin.th medi a m:)vedfromthe culture to
0] o AT erees phd e R ol R e LE e SR ordogmine
fol Bty exaiibléd)WhidH &8 uﬂéﬁaédi@%é)m&étmk/e PREEANBRimiting.
cul turing host cells under serumfree conditions for

Exgarlenhfessribgs the eanshctonefiarFurip expregsion plasaigane hostpell

traﬁﬁbbtﬁ)na Eﬁa&b%@déé’br@@é tHBc préSedtediod Q?:lé;ﬁlngl{ﬁé’ ﬁﬂﬁino&pressmg
ulture. Recipes for the various

CHQQ@h@'P'@?ﬁ trrasowinduisgedn-fieetcneditinagfixemipte3 dpseribes a3jrocess
of &ﬁlngﬁﬁld?ﬁgﬁ%nu%@tﬁﬂb irBlirH G aI%Q M%Hmn g‘:%%@le 4

for selective growth of trans I's ad
describgp ﬁTQEWIﬂcat'@W efEurimdb@mmpia é S@delﬂ&idw\@nﬁimausﬂ@cessmg

(coWbH\tréi%n%n‘&t;ﬁfnﬁ%t%%&ﬂ@ aﬁ?kﬁg\kﬁ eq?lﬁ% s{églre p%c? ncﬁ%/gg rFurin;

resent on
and Eaar@f::@r&é@mo&s‘draéeﬁ thiel safety rdtenity, e tstabdlity tastm@ﬁiaﬂ;tsance

pertfc%n%gilrtg'd% rﬁnne érg)gr%aéwgagﬂ trﬁgf%aifyﬁéfﬂﬁ%hégta%g)ga%kt 0 an
composi tions of the invention. For exanple, where the

sel ectabl e marker el enment is kananycin resistance, the
conmpound added to the CEJ(WF‘?_E”?:di umw ||l be

CONSTRUCTION OF A RECOMBINANT FURIN EXPRESSION PLASMID AND
HOST CELL TRANSFECTION

[0089] A detailed description of the furin progenitor plasmids used to construct a
rFurin expression plasmid designated #556 is set out in Table 1. Expressed under
control of a constitutive cytomegalovirus (CMV) promoter, the mature rFurin contains
the catalytic domain, the P domain, and a small portion of the cystine-rich domain
whereas regions located C-terminal to amino acid 577 are removed leading to a fully

secreted active protease.

[0090] A description of the construction of the DHFR-vector used as the selection
plasmid is depicted in Table 2. For the development of stably expressing
CHO/rFurin cell clones designated # 488-3 and # 289-20, CHO cells lacking a
functional endogenous DHFR gene were co-transfected with plasmids # 556 and #

73 employing calcium phosphate co-precipitation. Clones secreting high levels of
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f the invention,
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076] V
secr et egq
can be K
cells ca
Cul ture

where culture nediumis added once t

IS dto.culture CHOTC
WA BRSPS el
YBHP5 the nedium by the host
lar vested periodically, so th
in be used through several hg
medi um may be added in a bat

e 2 DS

ihe 2.8 kPR &y

ot of @S’H’%Ad&q, |

i‘bﬂ&g@ B
léﬂdiéipaa 0bp of t e 5- UTR
GERA0DEPISf the,SUTR,

single batch, or in a fed batch proddé&s §lopsghntorthe gypression

bat ches |of cul ture nmedium are peri odiVé&lor # SRdded.

# sgedi um ¢ EkBgotieexReshsh plastiered 0frhel - §AlE&oQkase Notl-
sever al |idismecHigraldaits,UA WSA) Witk NYQUSde &Y feiiidd and a
producti ags Bees fitfeddb omtaita KNOWN | § K€ cloning site was

multiple cloning site instead of the - | inserted instead having
galactosidase cDNA. The plasmid amongst other restriction sites
provides a human cytomegalovirus also the unique sites for Smal
immediate early (CMV IE) gene and Avrll.
promoter and enhancer, the RNA
splicing signals from the SV40
genome consisting of the late viral
protein gene 16s/19s splice donor and
acceptor sequences, and the SV40
polyadenylation signal. The original
vector pCMVp is a pUC19 derivative
containing the E. coli ~ 3.4 kbp B-
galactosidase cDNA inserted into the
Notl site.
# 229 Human furin lacking the C-terminal Between the Saul and Avrll

sequences from position 578 to 794
spanning the cysteine-rich, the trans-
membrane and the cytoplasmic
regions. After glycine 577, 4 additional
glycines as ‘spacer’ and 10 histidine
residues were introduced.

sites, an appropriate
reannealed
oligodesoxynucleotide-linker
was inserted coding for 4
glycines, 10 histidines followed
by a stop codon.

# 378

Derivative of plasmid # 229.

The 12 bps coding for 4
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art, and involve continuous feeding of fresh nedi um
into the culture, while the sane volune is
w@mwiossTolisl y wi t hdrawn fromthe reactor. PerfRSEUS2008/087732
cul tures generally achieve higher cell densities than
bat ch cultures and can be mai ntained for weeks
or nont hs Mﬁth repeat ed harvests. Thus, chenostat

HH co bat-ch—+eefed—euttures ar&—be{—h——sebkl—t—&bl—e———
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stirred-tank bioreactors. Roller bottfraomentiasdbemnreligated
general lly carried out by seeding cel|iBtothe lasalid-eackbone.

#4pet t | es |tiavafleo éérh@'# y7d.illed (& @eletlé fliﬁ)'l%%/éﬁng for
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cells td ﬁ|é@%me§/8|dtd?%n§'aggﬁoﬁél the g% ifid8 A%y / Hind
to confl Lh%ﬂ&%fog &g.l nc8EdI UM I's har/y,q,% Was relegated into
decanting the Supernatant, which is ib&)one

frnch ditum - Anchor nnorlonnnrlnnf celll

rrcort meuur ot I—\llullul uguuup uuuuuuuu

cultivated on nmicrocarrier, e.g. pol ymsrl c spheres

roblich B SeBUOB BiEe PSR e Rl e o

Plasmigl Besdriptiomspensi on. [ 0078] The [a0owAter®$ rFurin

# 4y odu &Y u?alﬁ%% i¢Rhmegan be evaliya Sucr%‘?wéﬁ%ﬂ%éside Baxter.

st a”d QWbdifed HS a\-ltJ .

i nclu us\é& BiaLAL h‘% i rin bl ot analysis,
SDS- poy | m qalgg he eS| s, non-denaturing
gel el &ffqm B L% se nce Liquid
Chro § E \§§Ba | mrunoprem pi tation,
ELI SA g Qr ac | y ASsAa as DNA bi ndi ng gel
shift| " Vs, The | n\/pntl an al so_cagntenpl ates that

# TSpeci wanrpﬂDldEBtaDNManqumnesB@‘dhas Teheorestlt frajment comprising
pr ot giSV4teddrlydaginotdr. r Furi n can be |¢h@DIHRREEDNAIaM the SV40
standard nethods as known in the arltpoadengatiessighdlf plasmid
hereiln. [0079] "Substantially ani ndl# 29 akelclonkd @Ro the Pst| site
rFuriin” is defined as enconpassi ng | of plasmid # 53. Due to the
cloning strategy, plasmid # 73
contains two polyadenylation

signals.

#53 Eukaryotic expression vector from The B-galactosidase Not!-
Clontech (Palo Alto, CA, USA) which has | cassette was removed and a
been maodified to contain a multiple multiple cloning site was inserted
cloning site instead of the p3- instead having amongst other
galactosidase cDNA. The plasmid restriction sites also a unique

provides a simian virus 40 (SV40) early | site for Pstl.
gene promoter and enhancer, the RNA
splicing signals from the SV40 genome
consisting of the late viral protein gene
16s/19s splice donor and acceptor
sequences, and the SV40
polyadenylation signal. The original
vector pSV40p is a pUC19 derivative
containing the E. coli ~ 3.4 kbp B-
galactosidase cDNA inserted into the
Notl site.
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preparations of rFurin conprising host cell protein in

a concentration which ranges from between about 0.1 to
wW@2@940887pF ot ei n or less/Unit furin activity orPGBEUSZNES087732

about 2 and 11 ng protein or less/nL and essentially

| acki ng contam nating proteins fromserumin the

culture nmedium In one aspect, the substantially

O T R D o e BroBRA T3 Rt ta s of Dvem
NWHhMK Fr1arges withouh Hypbxarehinabyitnidhé @nd)gl»;/cnae sbble@ented with
Iess U|t fur bout QO and 24 ng
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urin are rown

|1
U BRE P s Fedhalocieani T 1 Secyraenlin o0 dassiatasns yalysis,
origeariBirh8iatigy. bﬁe Sféé\éﬁhtioﬂ ngQI'n'MB ~“PybBinS@N4iBh Sﬁﬁgg%lbras

purified accord to neth rovided herel
peﬁe%ed:éll fﬁ@d@wa% Avgtriarby the %ﬁp@rtmﬁnt af MediarPreparation/PCC.

suspension in a nmediumfree of animal (including

[04R%kan’ Pedigrercef thawenanatiar of e FHOMEWIs clape ¢188:3 iselepicted in
Figlte 2c ibse @H@)/FF’%HHV@&E&*JQ’ wab |o§)fa§’ﬁéoof?orﬁr}qtlélréfor{e§%¢cfh

contalnlng culture superna ant 1s concentrated by
ungderwent fwa foamna) ﬁf amhplqmg inj %0 PYiRRosel etiohamepium before entering

anifiBha95a8 o tﬁﬁmu%Jng t%cgggﬁ &ﬁp tng MTEHE rhé(%ﬂ 5%

an activity o eas
rowr&hﬁtsuadoumgma@dumn psrﬁtain;ngojncaang@iamrxmmuentwm was

ol g o s ORI P o o
20o¥asdikeivisagirepdred tand @3Pardedt si-gcrvl/eveggccl)cgteu#%%lo &bpsllcce?sor
PR S Consteein . SRR Onipe eeaetan ot eaidgpPln

clobai#t 28972( isafepidted @egurel@out 20000 Units/m, of at
| east about 25000 Units/nl, of at |east about 30000

[0098] t sFurin adtifvitytvad eassumldn the3&dHiRioded nsddidm odtlodés, which

40000 Uni t.s/ bout 45000
wetsBaky 8 1 g ey W sealir- SHs0 P ot G oSy showee
highefarsn aabﬁwuﬂﬁﬁ)eé!lsumrtz&/ﬁit). wére s@ted@ﬁsselé'&@&lh.gmﬂg&cer

east about 0??000 Units/m, of

clopg%gfaream?pdgg&dhe preparation of freeze stock ampules, and used for

splitting for the next cloning round. Isolation and identification of high producer cell
clones was performed. Cell densities were analyzed using the Casy cell-counter.
Furin expression levels of up to 200-300 U/10° cells per 24 hrs were achieved for
clone # 488-3. Furin expression levels of up to 400 U/10° cells per 24 hrs were
achieved for clone # 289-20.

EXAMPLE 2:
ADAPTING THE RECOMBINANT FURIN EXPRESSING CELL CLONES TO
GROWTH IN SERUM-FREE CONDITIONS

[0094] The strategy for cell line adaptation and selection is to adapt the cell line to
a serum- and protein-free cell line in either gradually in a step-wise dilution or

abruptly. The purpose of this study was to find a CHO cell population growing under
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Units/m, of at |east about 75000 Units/nml, of at

| east about 80000 Units/nl, of at |east about 85000
wapiovesstiiy of at | east about 90000 Units/nl, oPCHEUS2008/087732

| east about 95000 Units/m, of at |east about 100000

Units/m, of at |east about 120000 Units/nl, of at

| east about 140000 Units/m, of at Ieast about 160000

so e Tt BB RRR0 b Tl fafbone asee
3 BED0H adnsthﬁmmmatalmi U’pe&BuﬁfDéﬂ:ré?@ﬂi% EQDclﬂ@rﬁb UHIU #488 3 was
urified sol ution

008 In anoth
chogeel e o STEUT e Bo oS, skt Phia Aongubled dppiations as set
outidtdetaif elow. at | east about 10 W ng protein, at |east
about 20 U ng protein, at |east about 30 U/rTg protein,

[0G85] | enisd s@rbﬁwdem&dd/ ﬂf@cé@%%‘t@‘td& m%bﬁn@ﬁﬂésk@hﬂthtus%(bfu ngy
east about protein, | east

m'g(ﬂﬁﬁf{'epﬁot"%/‘ﬁ@ BEBIS %0'%Pa¢'%%%i,lﬁ '%H&Rhaée wﬁ@ptam inge in

thalphbe@sdlisalaetlly SKoEIBR Jowiei By uﬁﬁtﬁ rﬁ@ﬂetrﬁﬂowaé%ssmue to
rot ein, at | east about 120 protein,

aVP'Qg‘gt usipg §tbseryent rgdisraheapes, ddtltimgeﬁ@tceammucrwn@pmfgatlons

W&Féér%% céﬁld'b%%b.?éaolﬂ 180 U ny protein, at |east
about 200 U ng protein, at |east about 250 U ny

[00%6Pt eTH}ee %nérﬁ@%? a@hp%us%%vls’(oggd RI&dficGh) %Iat&}@ 23ld BCs, (as
about U ng protein, |'east about 4
Shwf@trbT@b'eéi weedsedhing ths%oowﬂﬁﬁ@f Piostedy, at Ieast
about 500 U/ ng protein, at |east about 550 U ny
pr ot ei n, at Ieast about 600 U ng protein, at |east
about 650 protein, at |east about 700 U ng
Tableg: émhouas m%%@th’é{BBlﬁw%@f BARy BASREABCSt | east

about § PTOTEI T, &l | T dheemiiigat T 850
protelr.o'ﬁrf"”‘f”uast aboutem60 U/ nmjgpgot el n B Bt eé%‘ls BCS

about 95@elFrg prot i nzoasd at least apouk 1000 W ng

Lnvyvant i talne oS ceol |
A3 L9 | T AT 1T LA~ A=A A=A >4 T

X
protei N [HORZL TH anotggﬁfme podi et e purjfigd v
sol uti gR-ot—HFarr—nr—the—n i

pr ot ei i s@fum@aiconcent r dEPWE of abBout | 20X0

I
mg/ m , [lPesscirehan abput,d9,0 107 0,4 €S|s than about

X

18. 0 ifpydroch) n-about-17. 0 ng/m}| less than X
M) stifate: )

about (ﬁep ;i’é[fe . | Ps920088N  abowtoods. O mg/-m , | | ess X

X

X

than abepl oL M0/ T i85S TNaf 0153 X X
Synperonic F68 0200172 0.250 X X 2
Soy peptone 0200171 2.50 X - -
Sodium bicarbonate 0301012 2.00 X X X
WEFI
(water for injection) F124 ad 1kg X X
" Concentration of L-Glutamine in BCS: 0.900 g/kg
% Concentration of Synperonic F68 in BCS: 1.00 g/kg

[0097] Depending on the purpose of the respective experiment these media

variants were provided with different supplements, as listed in Table 4.

Table 4: Media and their supplements

Put Giut Synp ° Fe* n”
(mg/h) (mg/h) (mg/h) (mg/) (mg/h)
ExCell 325PF CHO --- 600 - --- 1.00r50

27



about 13.0 ng/m ,

| ess than about 12.0 ng/m,
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rEdriln_" ?d'uénn about_0.30_n ¢ QSgO?n/ UrFurin, |ess
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0.0 ng protein/UrFurin less than ahout 0. 15 ng
pr pt elavi\/StPur+Elur+Smp+Fle6%s=Bs han abduiMe- 013@191‘9 pr ot ei n/ U
r Fid N, T'eéss than about 0.05 N r0t ern/ qu r—un/n A% 06/031
thpR lahe,8nld %ge protein/Ur F L%ﬁ/wégggéms 06/048 *.
0.pZ Ing pr ot el n/ rFurin, |ess Syt M/ /08 0°
pr pt ernfUrFurin—tess—than abc
M/MAB 06/063, M/MAB-06/069, M/MAB-06/072,
BAS+Put+Glut+Synp+Fe+Zn M/MAB-06/074 *, M/MAB-06/076 *, M/MAB-06/079 *
BCS+Zn M/CLD-06/001
Gamma-Trypsin Solution 1mg/mi GT_04002_1
o | N1Buffer pH 7.3 N1_05001_2
}_
=z . R
w | Dimethylsulfoxide
% (Baxter Mat.No.: 33000000001 / JDE 0200407) | 219102
& | Cytopore 2 Carrier Cyt2_24 06_001"
Na;HCOs - Solution R/CBL/05/005 '
only applied to PMCB#01
only applied to PMCB#04
[0099] Table 6 summarizes media and reagents which were used in the course of

sub-cloning and establishing of the corresponding evaluation cell banks (ECBs) of
the sub-clones #488-3/CJ06-19/5F10 (5F10) and #488-3/CJ06-19/1E8 (1E8).
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0.01 ng protein/U rFurin, and about 0O ng protein/U
rFurin. [0084] The exanpl es herein bel ow denonstrate

W@ b@fossrent i on usi ng CHO host cells to producePCFUS1008/087732

however, the worker of ordinary skill wll realize
that any host cell type can be simlarly adapted for
producing the rFurin of the invention. CHO cells have
been wi dely used in the production of reconbi nant
proteins, andengi neer ed CHO ceI I s (those in which a

T i 2 RISl o P B

nedai um cont al Ser Um HOV\BVGF t he use of ser Um

posEss@pddhimoer of probl ens. Se,_ermlbgf an expensive
: . . ¥ N

LN amounts

requ1i0%@ﬂFFilwu0b@ﬁ¢m ci al produ/ctpOeE/09Serumi s al so a

bi ochem cal 'y undefined materj al and contai ns many

co &Mt ¥Swhi ch have not beeMMAF-PIPOP. YAHEIPPEd nor

t hei g,ca6kl Blissdet erm ned. Thuswaggb)srg wTT differ from
bateh—t—e—bau;ﬁ,—pgssi_bw_wqur -ng {5t | ng to

detlerni ne levels of the vari ouwmsqumm&m osroed, N/t &s-06/025,
ef fiéete'trltt he cell's. [0085] | nWMeRIPHIBD M/MABEP/h NIIMAB-06/057,
frequently contaninated with |nf¥F5%%%ni sms such as

vi rluses and mycopl asma many o r
bt SEPFFU8pr esent an addi ti 0%2%% m%‘%@?ﬁ’m "WAEBS&”M

I%thhc. FOT-e- the presence of ani-hel prm‘ eins_in

c ul [tEuC e+ G CBAS +REGIur+-abHFE @:1) engi/has-@ied i cat i on

Al e La—aaart ol i
pr gecedures—Ha—partieutar—the—presenrce—of—bovi-ne

ant|iByertit @4/ BAS+RybrGlun@ynsErran 1ab kmmaaoe(oBSA) makes

purfirficationof the desirred antibodies—expresset—by

t he Bxe oI B&t1YCHO cel | |ing vag-@oet y difficult.

Renovat—of —bovineantibody—fromnediumprior—to—tuse—+s

pog HEAECSHMZrhi s renoval  andWAR06QBIIMMABNAG103, MWE&I@UOG

teqting required after renov foly
cogt3C8tnproduction of the prcqm@,a;s((%/ ﬁmgéﬁﬁi E)k‘,,"lfm

al penef i ts T usinmg—a cutturemedirunrdevotrd—of

ani| FAPMEBYRpDAGALSIMAN ch wi | | |KTperL! cel | ul ar growt h,
especi alTy of CHO celts. Wiitle CHO cetts do not
readPPy- 'WW?'W%@@’UM free cod4PtPhs, the

Z

¢ | N1 Buffer pH 7.3 N1_05001_2

é Dimethyisulfoxid

(Baxter Mat.No.: 33000000001 / JDE 0200407) | 219102

Na;HCO; - Solution R/CBL/05005

[0100]  The lot numbers of all supplements, which were added to the media, are

referenced in the appropriate manufacturing protocol of the corresponding medium.
Other media additives are listed in Table 7.
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present invention provides rFurin grown in CHO cells

under serumfree conditions. [0086] Engi neered CHO
wW@e00wesgTiE al so difficult to grow i n suspensi oPCT/US2008087732
hi ghly desirable to achieve growth in suspension when
using the cells to express a product like rFurin. For
t he production of such a biol ogi cal pLoteLP on a
TAENYEIGH| s desirable to be able to
suooor@hg*%ﬂ\%taﬁ; &dd?'&:’?%enters of a considerable size. A

Suipksldien medi wahdrstual SO r@mugwed tjo supp(ort the p;;,e,ljgds,y

Py nziu L ney FreseX%gr oW 1 pl LUULEK/ ;rblmgulfalct‘dr'érb

eh Clllfﬂhl rie set n||
LUCTTT T O U T Ao o orT

ARBEISPS . The | WeseNer of ordlﬁ%ﬂsiﬁ Skl | T_DM2$2he atufapiuied
rapprieti at e { hakniany et hodsmfs culit urikageicel IManddukhe

AN D€ WREGIT CUTIUTTgHITE NoSTGalls wa,'}&'ctura' "9

nuf tlhe |n\1onf|n mlf
II_UIIII aS—S+t oot H—thRe— Ht

CEPIRRICEE® of RNaImesie B9t hots 2% prlovi HeW3i n |PlheePlant i
DMRM NPT @ FivsTr @bda. [ 0087] Throciesment|i orso@hzB0o [IREEIRS Cell Lines

Rl kpeald onJRr,net hods tflhat @{3@0 carrji ed4Ngé§t7 af Rngiu;a tgrieri 3

—setum-free—edium-to+enrove-CHO-cel
Er"reE%zgi n‘iﬂq‘ rofr Furin. [The Wtker of ot-Bi%har y Mewifaptiren n
ExQe328PR CHA | | SAMapBiosen@t|e t hiassoany net hvdesof |Manufacturer
Fm:m ei nplr«”‘ [ 1d3|§cat ion kﬂOV\mdsdih dihe flr t 3deddooe Héc%mbulxant Cell Lines
e Urrrrca o1 Ol II'UIIII qdllll.llc ctu . o-e-rredhi—um
F Jon Ipu aa B O nw}Rnyanml es.lof n|| 3% catlion' hnryaryfagurer
GM""‘B'Ol ded i n|$ibre Exarrpl es HEHERM ACCEPE#Ag| y ReoPimantiEell Lines
Gihined i s es Ssdatal al | y gubst@piss al | fﬂﬁﬁooégsonma,lu}acturer
HEPL- ,E{Bgrzsour FSibch" 0[ e| ncam, be By 00“06%0941'2@E Becpmtaa Cplnes

rrnfaln reelrEFUurin
F’ﬁfw%ﬁhw 0z #*P"ﬁ‘nt il ude. EBGIWPLES|[ c?@%wsmc Meriufgsteser

Pagpeadesydand| Skwtaai | s of| t her-61asent i| orpasw d7o3 beMapﬁamrant
Pirif&rmdeh,@ef ol dighyt ng exgnpl q§614é’\’m ch &k &1 bdd fenﬂg‘afa&l?eroe

rather—than n“n\d BExarp eSs-eH
P?‘

C’Slfl'%‘%%"rﬁ“!?'r..vﬁ'tfcﬂn of _alr Fulf X pr =ssﬂ%?ﬁﬁ36| as ﬁ?ca“bdﬁ’ace”““es
Pyyerstre cel |t rSamsf ect i on;, Exeddyl e 2 dezbises | hefacturer
SyapReR88eS Ofseaglapt i ng the g5 | N- eXpr@s$s NG | Manufacturer

anlmal derived materials: for certificates refer to appendix
|ngred|ents of “10% DHFR medium”, only used in the beginning of experiment SF05-80

Pay

S

[0101]  Adaptation to serum-free conditions was performed in T-flasks or in spinner
flasks in conjunction with cell retention (centrifugation and the like) by weaning off
the cells from fetal bovine serum (FBS).

[0102] Suspension cultures in T-flasks were incubated at 36 + 2°C and 7.5 + 1.0
% CO;. The culture in spinner flasks was performed in Techne and Bellco spinners

without carriers operating at 36 + 2°C with 80 rpm and 130 rpm, respectively.

[0103]  The subcloning of the CHO/rFurin cell clone #488-3, subsequent to its
adaptation to serum-free medium conditions, resulted in a CHO cell clone, growing in
suspension in serum-free in-house medium, stably producing rFurin in a large
amount. The procedure was based on the limited dilution method. Briefly, the cell
suspension was diluted so that 100 pl of the suspension contains a cell. The wells of

a 96-well plate were filled with 100 pl of this suspension. In theory, each well
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CHO cell clones to growh in serumfree conditions;

Exanpl e 3 descri bes a process of optimzation for
WOorewangsTtdiri ng rFurin in animal -protein free nedi/ug3008/087732

Exanpl e 4 describes the purification of rFurin;

Exanple 5 sets out the downstream processing

(concentration and purification) and analysis of the

oo PRSI By Reol L s IRRBTRIR B cones
developi Tigus, eaeryirewhegérmrated ceb cde betracee bail(étortae fitsdoFginal cell
. ' he h : .
n SRR YR A B R R RIS biRp g T et ihen
T7ANIRs KOS hd Gk inTRAISSEEEKE] ON [ 0089] A detai | ed

description of the furin progenitor plasm ds used to
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0
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mé&htﬁd&lsrﬂ_lglmemmﬂﬁﬁhﬁﬁeﬁthﬂ’héNL@ébtdo@n@?r@tr@xmetnEﬁ/gEapphed

and a smal|l portion of the cystine-ric omal n
fOf(vjsﬁgﬁs%“%aﬁ eiUCtsE ﬁg@bc@( exirastion) Determaimation ateall depsity and
viailiey AfeTaNA n%@@é@' pegfotRe@witH lly¥a® SFEJ%QJx‘élei%ﬁtméftﬁod usmg A

pr ot ease. A descrlptlon of constructi on
hemzeytoretery eel een%@@mda@ahﬂnéwé w@tar@mﬂ &ysihgi an automated

tably
InypabbRL S chSigh e fiod pefifindd ¥y (e TR IR, gnsfgeds# 488- 3
[oRUBY #T ﬁ@&]p@nat% o Hd Sl RtileRvéte | fu's',Qﬁd Qé{gtrwne the amgunt

endogenous DHFR gene were co-transfected w
ang agthaty ph @xprepsed “OylFIH-g)r@%ﬂeDCQl aciraterhéealt sorting (FACS) analysis

wa%QJsBH S5 HRtLRE of ;goeg@e? {8 ﬁ8r[| epbgg ih S ?\}e% cgl é)oipHISt'on

Furin were serected i n sev roun SIS
Mcaml@mpancf gronth behavidried Celmﬂdmm%bpopnwhcmﬂj em

A8y R B LB, BEGER LORAR,

meﬁrtmmsbrabham D a&lﬂesie\tmrrma;bo\m thenpDiviEiRe rapdithieresidual

cof ARG R uCEn NS e, pe Pl Hiesmansiaes pere

performed by means of a NOVA instrument.

[0106] In the course of this study, two pre-master cell banks (PMCBs) PMCB#01
and PMCB#04 were produced and two cell clone lines were established as set out

below. Evaluation cell banks (ECB) (see Table 15) were also generated.

Preparation and QC testing of PMCB#01

[0107]  One vial of the CHO/rFurin #488-3 (ECB#01) was thawed in BAS medium
containing additives (Put, Glut, Synp and Fe) and 5% FBS. The cells were cultured
cells for five days in a T175. The cells were then adapted to serum-free conditions

as set out below.

[0108]  Cells were prepared in 150 ml growth medium (BAS with Put, Glut, Synp
and Fe) containing 5% FBS, 0.2 g/l. Cytopore 2 carriers were used for the
adaptation to serum-free conditions. Having inoculated the 5-day old cell
suspension resulting in a starting cell density of about 2.0 x 10° cells/ml, the cells

attached to the porous carriers within the first hours. Thus, the cells were kept in the
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Hepes, L-glutam ne, Penicillin-Streptonycin, and with

5% or 10% di al yzed, ganmairradi ated FBS (= 5% DHFR,
waomsR) . Di al yzed and gamma-irradi at ed FBS MEBUS2008/087732

purchased from Life Technologies with full

docunentation of certificates of analysis, origin and

irradi ati on. The preparation of gamma- Trypsin sol uti on

f d B
so PEPURE LI IR b U e RS e pis ey g i Sdtem”
copedlitigtion lrolfwot élepsgérram 5%:i to13.8% td DS SHEhY 65 DOrnGd; QféefoWowmg
| cte
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culfifg perigd 1 BIE oE At TiGH The el rag TReS iR onaiaer Faseels

detashed Wﬁﬁme(éﬁrféd;@ﬁﬂ ta8icagiers1add toridnoBd sediegroiveintRdpé&tmsion.
before entering anplification in selection nmedium
The &Bﬁ derivans i viaDRBOoT e SHSPasIcRrFeks insFRRSes GBI Rsously.

EveHbiaboaBithige iday SaHd w&béﬁg&@balsrwefﬁ%hﬁﬂ %@Qt.&/m 2.

concentration was performed. Cone # 448-3

[o®opandedvaioatid (%Zliafhﬁ (E@B?w@ﬂ@‘éﬂz M@bﬂre@' Qﬁ?cmﬂtu?@gay 28 cells

was |i kew se prepared expanded. However,
hayipgg. \Q@"itg ohgreates é@%@% Wi traesfeved te A @ﬁw&mﬁ@ment The

culﬁﬂg%/a% ré\NH‘?ﬁjQ@@ 860 A ngemgelﬂ |ﬂhq5htoélu{t B%ém?ﬂ'grﬁ:é’}

cl one 289-20 1s depicted In ure 3 uri’n
Beliea sripnsy Mﬁ@umgarrseeﬁqcﬂrmgetodbﬁ deteroined GASIY gaﬂ dénsity, the

%ﬁ%ﬁﬁ\ Céjm}ec\p%éé‘ﬁlﬁ e9é’|lﬁ vﬁthfrﬁé d%ﬂé f das%tbﬁllqa%reh' Wehdif ot

abeitd.§ kt19° cellsyo8l. Aftard 6pblys hér th Oﬁélceltwelreanmd a viability of
gre%?érqﬁéﬁso hﬂléfév ﬂ%lﬁSﬁ ceff l)%rﬁkkeg%@l ggnesn ing Oug'é(gﬁﬁr'%PP cells was

repara reeze sto

pro;#uk:editl ng for the next cloning round. Isolation and
identification of high producer cell clones was

[01p61 f donedial dehé Eddheas itesveden @ rematxpeeichansi Tige téﬂs werey

o PR o RS BB Y o8] Yol 922 Bens
werAShieB trafefernedea prixdiss epinhevalntainihgwp to 604 0R BA(SlQﬁdlum with
Puf %Itljt,s Ser%, e anJ fn \Aﬁggnagvrgr)? X/\?d oftﬂreecgia%rg%he susSp%nélc())n culture
was split to a starting cell density of about 2.0 x 10° cells / ml. On culture day 13,
143 ml of the cell suspension were removed for the preparation of the PMCB#01,
consisting of 20 vials. The cells were expanded and quality control tests were
performed on PMCB#01.

Preparation and QC testing of PMCB#04

[0111]  One vial of the CHO/rFurin #488-3 (ECB#01) was thawed in BAS medium
containing containing Put, Glut, Synp, Fe and 5% FBS. Half of the six day old culture

was transferred to a new experiment for adaptation to serum-free conditions.

[0112] Here, the adaptation to serum-free conditions was not performed step by
step, but rather was carried out abruptly. A Bellco spinner flask was prepared with
BAS medium (with addition of Put, Glut, Synp and Fe) containing no FBS and no
carriers. The cells were inoculated with a starting cell density of about 2.5 x 10°
cells/ml. Due to the sudden serum-free conditions, the doubling time of the cells

decreased to a rather low level. To avoid diluting the cells to such a concentration
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EXAMPLE 2 : ADAPTI NG THE RECOVBI NANT FURI N EXPRESSI NG
CELL CLONES TO GROMH I N SERUM FREE CONDI TI ONS [ 0094]

wWab@osssTat egy for cell Iine adaptation and selBCI/U81908/687732
to adapt the cell line to a serum and protein-free
cell line in either gradually in a step-w se dilution

or abruptly. The purpose of this study was to find a

I Nyl at i W d f _
wigiaf it ¢8O e s Rudn BB ET R e ihitass brsrining,
doa@l the ckibaigs péASion. wale:fu pidletiwas r@guzgéé%deg ifriesih E;aiwth 'grli&iium.

Furin. ] e : -3 was change
Cuii Sl Wi I Ded A0S GRLTT Y NS pPEINRBR O x 10°
celtimil UKitee adiflg Péashie8 Rsmfm e tvidbillty bnaisiit 804, RUAYYe day 15,

0095] The serum depl etion process started in spinnér
th# F%l@k%aqutﬂ rEeY e AN [EQTD SHltyre day 2ndi oy theimaigy ingreased

to BetwdbehaBkog®! IGn Edtdrd Q?P@@,ﬁtﬁe%ﬁaéﬁ@%ﬁﬂ/@% fr$2eneR dECB

t hat phase cells usually show slow gro . By using
copsistingRft®odalsi t was possible to avoi ded, during
subsequent nedi a changes, diluting the cells to such
[0IShc erHbe ¥ial Bhtbeitdd wag thanad ip@unew peparimanyin safumpfoeoBAS
a ] . - e
e R Xy e Y5 Y ) AR Yy b 175
flaghscfor srMenedays, it Wes trensfayed Tap Bellgy Spinnan udhererthgi cells grew for

Wely! : n r.ahi
i SRer 812" Tugh, e BB P WS T B REAL BTy B,
centhibiged et sespinstonevere spaspendedinperimdne BAR sedivdi a
I e O i th different supplements,, as
oy AP, SRl B FerfR Al thulp8h gt BREPLISE T Seefco
Spuppl Acemtisgid tHesdsterenicedZASYoddllatensiey, levellyuivend freed days the
sussﬁlerllle%%ocwltﬁrelzvgass split to a starting cell density of about 2.0 x 10° cells / ml.

[0114]  For inoculum preparation and to be able to produce a large amount of a
homogenous cell suspension for the generation of the PMCB#04, the cell culture
was scaled up to 1000 ml in a Belico Spinner. On culture day 02, 465 ml of the cell
suspension were used to produce the PMCB#04, consisting of 20 ampules. The

cells were expanded and quality control tests were performed on PMCB#04.

[0115] Figure 4 sets out a comparison of the graphical distribution of the rFurin
producers in the cell populations of PMCB#01 and PMCB#04. 80.74% of the cells in
PMCB#04 express rFurin. 74.06% of the cells in PMCB#01 express rFurin.

[0116] CHO/rFurin #488-3 subclones CJ06-19/5F10 and CJ06-19/1E8 were then
generated. An ampule of the CHO/rFurin clone #488-3 was thawed and the culture
was passaged in a T175 flask. On culture day 17, three different media were tested,
BAP medium (developed by Baxter), CD-CHO (provided by Gibco) and ExCell
325PF CHO (provided by JRH), each of them contained 5% FBS. After four days of
growth in T175 flasks, cells grown in ExCell medium were adapted to serum-free

conditions.

[0117]  The cells were weaned off from serum in small steps. The whole procedure

ranged over three experiments. First, the anchorage-dependent cells were initially
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4 lron(ll) sulfate heptahydrate 5 Zinc(ll) sulfate

hept ahydrate [0098] The foll ow ng tables give an
W@ of nmedi a and reagents, which were usedI/Us200$1e87732

course of this study. Table 5 summari zes nedi a and

reagents which were used for the establishnent of the

pre-master cell bank clones PMCB#01 and t he PMCB#04.

Ul SIS BRESAD I SIS e nas ohBRy She S50 e
theimbw@decﬂtmeﬂm#i% th;QQ@r]e degblze Burfigtrenexes dRdradadtwo

ents _which sed in the course of sub-cloning
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0.2%35 KAd (r’écﬁéﬁlhtgfde&ﬁé%sé&ﬁrl%ﬁ?%ar#ﬁ@ﬁ Fhetfs b3 peiO
(5F10) and #488-3/CJ06-19/1 E8 (1E8).Table 6: Lot

a“mﬂfﬁ@? -gepgndeptibehayint. showgsinere ansimprsrsnhigecal shape, and

stRRHab o p&fsisiibcl ones 5F10 and 1E8 [0100] The | ot
nunbers of al P suppl enents, which were added to the

[o1vefli arhé\l'é§t §t§;§ 8f %?Gﬁudrehﬁ‘ctﬁoh%céﬁ’@é@w 3 @ga]qr@swm&w EXBQ)

rotocol o the correspondin di um
32§BE|iGtHQ/€§dmcont§me 5%t arwd Talshuiers. Alterer cuiside period

of%G%\%ééYlﬁeésér[]r%%%ﬂb@n?ﬂa%oﬂfreaén%@@* §§ﬂ§g) t%%%li R4 ¥uliES 1o

I nni n experi nent
kemalpteé@waohparan@éera firy meer@nce@rrange ohike welkdersity oraved bietween

0 FbA I belgh PhRDSEIY) 3854 RS LU e BBl
weekebut dhdnsrefurned foe\tahhestmf\grenﬁesmau 190¢/FB5) culfubd 82y 42, the

a0 BR LGN e fTo'z‘sHfsﬂe%ézéb%@é@ﬁogs@vﬁi‘%*’ﬁﬁ%%% asis
[01‘4@? pﬁwref (Qerllg'%\%ré ﬂweﬁ I%ngnd BelII lsggpes’r%%ol?\nv?as diluted with
preconditioned ExCell 325PF CHO in such a way, that 100 pl of the suspension
theoretically contained 0.5-1.0 cells. In the subcloning experiment, five 96-well plates
were filled with 100 pl of this cell suspension per well. The day after the seeding of
the cells, the wells were searched for single cells under the microscope. Wells
containing one cell were marked and observed further. Addition and exchange of
preconditioned ExCell 325PF CHO were performed when necessary. When the cell
died or in the absence of cell division during the next two weeks, the relevant well

was excluded from the experiment.

[0120] Two single cells showed growth. The evolved clones, having reached an
appropriate size, were transferred into a well of a 24-well plate. Here, the exchange
of preconditioned ExCell 325PF CHO was also performed according to the growth
and the requirements of the culture. The subclones CJ06-19/5F10 and CJ06-19/1E8

were transferred into a T25 flask on culture day 07 and day 10, respectively.

[0121] The ECBs were prepared in ExCell medium. These ECBs present the
source material for further investigations concerning the two subclones, such as a re-
adaptation from expensively purchased media to a more economical formulation,
self-developed by Baxter. ECB of sub clone CJ06-19/5F10, CJ06-42, was expanded
in ExCell 325PF CHO medium from a T25, to a T75, to a T175, and then into a
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wi thout carriers operating at 36 2C with 80 rpm and

130 rpm respectively. [0103] The subcl oning of the
w@eovogaTii n cel | cl one #488-3, subsequent to iPRGI/US2008/087732

adaptation to serumfree nedi um conditions, resulted

in a CHO cell clone, growng in suspension in

serumfree in-house nedium stably producing rFurin in
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p

[O‘F&?{ &gatﬁé ?t%ygg’% ggn %%3 t?:gﬁi béﬁl% S%n%%%@?e&%ﬁ% if" St!i’m%aourse
of this studymat ed trypan bl ue excl usi on net hod performed by

the Cedex instrunment. [0105] The supernatants of the

cell cultures were used to determ ne the anmount and

activity of expressed rFurin. Fluorescence activated
Tablg 8: Syummany) of FAOD)-freeadelidhankscef rfudo expressing IGHO aell o
ClQ!Teftﬂf&Bancer to non-producer cells in a given ceII

|9)9) UI atTom: IVUI |JIIUI Uygy ag'q EEQ‘W‘Z L ucnaw UT un L,cn | S "
T‘Wé%e d&t er ni ned NBY° opt ilcalp cont|ABP-| Additi &8@IMy, the ngm:g

PMCB#01

supernat ant| of the cell culturgs was al so exam ned to

PMCB#04

Sub Clones

DERBIAT ) 3O3R oli SR WREE ti ond 0 xdlch &s | BARePuHwSPHEL | On ok
of the pH Vvalue and the residudl
CJ06-73 | 12.05.06 | PMCB#01 15x107 | 20 | BAS*Put+Glut+Synp+Fe+Zn ok
CJ06-51 |11.04.06 |ECB/CJ06-51 12x 10 15 | BAS+Put+Glut+Synp+Fe ok
SK06-65 |12.05.06 |PMCB#04 15x10" | 20 | BAS+Put+Glut+Synp+Fe+Zn ok
CJ06-20 |27.02.06 |ECB/CJ06-20 11x10° | 20 |ExCell + Glut nd.
CI06-63 | 14.0406 | EOR T alord 9710 | 405107 | 10 | ExCell + Glut ok
Kion:CJ06-19/5F10 ; ExCell+Glut /
SK06-58 1 10.08.06 | £cB/ sK06-58 10x10° 15 | BAS+Put+Glut+Synp+Fe (1:1) ok
. 7 ExCell+Glut /
SK06-83 |19.06.06 | ECB / SK06-83 15x107 | 15 | Bag pneGiuteSynpsFeszn (14) | OK
SK06-151 | 03.11.06 E'&’g%&%&ﬁ/gf 101 40x10" | 5 |BCS+zn n.d.
Klon:
CI06-64 | 14.04.06 | mop s cooman 0 | 10x10" | 10 | ExCell + Glut ok
Kion:CJ06-19/1E8 ; ExCell+Glut /
SK06-59 110.05.06 | e’y sK06-59 1.0x10 5 | BAS+Put+Glut+Synp+Fe (1:1) ok
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concentration of glucose, glutamne, |lactate, and

ammoni um These anal yses were perforned by neans of a
WORDA088T83 r unent . [ 0106] In the course of thi sPGL/UMNS/087732

two pre-nmaster cell banks (PMCBs) PMCB#01 and PMCB#04

were produced and two cell clone lines were

established as set out below Evaluation cell banks

(ECB)y—(see—Fable—15)—were—al-se—generated—Preparation
sieoa@s Qo beasst | g / ofdeNCB#(1 1[5&110707] EXOéil@Iut/@f:shhs? _ ok
CHO rlFurin #488-3 (E 01 ) was awed in BAS nedium

n.d.

RRNEAi R N atﬁtht'QG\ﬁé/sEB( Rut,,, Gut|, g@s,;;_\pd Fe) and 5%
SRS I the Ce HCB/ §§06d5% ullt ured cel I's [for five days in a

T175. The cells were then adapted to serumfree

di i ons_as s 0 [ 1s we ,
OfR o PR Sert S G pAT R Rt SytiipRe BF piep 188 s
seSyutpn AablePe) containing 5% FBS, 0.2 g/l. Cytopore 2
carriers were used for the adaptation to serumfree
condi tions. Having inoculated the 5-day old cell
suspension resulting in a starting cell density of
TableolitCémParis40 of PMCBH#01, PMCBH#BELANG SabtRtee GF10 afri‘de1 E8

XRe

PU CO:f—FPe‘F'S'—\M h =) +|nn -F St hnnro Thllc i
oS

cells werie kept in thesol nner fl askAVGWﬁVF'EESPfhe qrovvt h

Cell medi um walEvaeeh angleehi debsity £04s6igy tFae s&gIFNes [cQngert 1 at igon Qo

populatior] T1E>Ip%e§§ %Qr%d frorr 5%$ll9m§ ﬁ*%? LKC:EU/QP 0 ANpRaYq QE- hPL fl])/(%d)] [UA(mi*d)]

ol
IUII ottt 78~ vy

PUCEH0Y 0GR | P D Togt Eond B b2/ phd 7o |PaoA ar S pagpo | 777
PMCB#oJrgﬁgg@e goiod-aom.oof the c rrgh.erszamd oot Ioleu:E dsftzflelzdsn 96.8

A X bUbFBIIbI m—Thecett—densityy

clone ST gy by 1 y1 208 THE 08fus pbisi on °b1 | SFhAPEASEE 70| 150 | 40

N

Clone 1E€ ORPF-PluOUSH ys 17D6REY tovd O s ee QQ%’Q gk 54 0%% BENST Q) 4 35.7

PPRL IR N t\n||f | a raf| fa nf ﬂ’lﬂO

\Jbl T VAL B "2 o=

eval uation cell bank (ECB) was then prepared On

[01(251 t urie 6bopBiatieRs bRtUREY inEBle @xyérihéhts foaoefaggése\ﬁélﬁés

han 60% were transferred to a new experi nent.

SK@@ﬁ&ﬁn@ ALE-§3 semiesent ropreoersal CLngemfdha Gel Uqufopune
PMEBY. The¥& BelRWere@rowR irPBAS medium (with the addition of Put, Glut,

Synp, Fe and Zn), and were frozen as PMCB#01 and PMCB#04, respectively.

[0126] The subclones 5F10 and 1E8 were grown in the commercially available
medium ExCell 325PF CHO provided by JRH. Because the ability of growing in

medium based on the BAS formulation was preferred, PMCB#01 and PMCB#04
were chosen for further production of rfFurin.

[0127]  As presented in Table 10, the cells of PMCB#04 showed better growth
behavior in comparison to PMCB#01. Viabilities and growth rates were greater in
PMCB#04, and generation doubling times were lower. The cell-specific as well as
the volumetric production ratio of rFurin was also greater throughout the evaluated
period of time. In a further experiment, the data concerning the viabilities was
confirmed. One ampule of each of the PMCBs was thawed into a T175 flask
containing BCS medium with Zn as additive. As shown in Table 10 the viability of
PMCB#04 was again greater than that of PMCB#01.
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Bel | co spinner without carriers. According to the

determ ned CASY cell density, the suspension culture
wWOR®ISsE713 every two to three days to a startiPg/ogions/087732

density of about 2.0 x 105 cells / m . After 16 days,

when the cell culture reached a viability of greater

than 80% the evaluation cell bank (ECB) consisting of

| X, vials .of ceIIs e vial of
Taﬁ#e"%dg'wggteﬁgﬁﬁ'a'e 8%@\%@@3&4%%&*?% cells were
grown for four days in a T175 in BAS nediumw th Put,
A ut, Synfcefe and Zn. Cellfqdeke tl;]g)ntyt ansferred to
a Bell co gpi nner |cont ai n] ng4iRud,0 | 600 BAS nedi um
with Put, |egeHeio" SPRE™e el andvian. AgaVﬂ, bvery two to
t hree dayg pub@osusm@.mﬁ[mw CHdsure wag7split to a
starting qett densigey; of [about—20—x_105jcells / nl.
on cul tur ¢ YR 18r61143 0] of®Phe c¢el I"4sufpensi on were
renmoved for the preparation of the PMCB#01, consisting

R8¢ Doy BUGEAG 653, RsEr red O ROBRE IR

a
peaaenal ?%rtb%%‘éﬁe i on
pr@mldh@CoﬁaEﬂ:tlJnﬂQ\A&fté’r'\@a#Qénl{ Bilandmefuvthat w@fk:ﬁd’&ll banks
gg%]% | 8-3 % was thawed in BAS nedi um
(W HB/' Ol ﬁan@BEZ viplgwassgaipplished gheprapkianpe with
thet@rfen®GobBistius F‘?Q&hc@'rg?tﬂﬁdlédér QYiEy @6&%?9@) edtihg was

new exp eri ment for ation to serumf

pe'zf@'mﬁdun Gfeordpnge tpzrsq%% of méCblo%wﬂalmeo%Do PMEBH#R4 vae
ch&<endbf h@RSCIHG PF T in RS Lﬁé&@g%gsgfr%eeggsst ep, but rather

was carried out abruptl [ co spinner flask was

[01IQ©FIO3T %Wﬁ‘m@&%%qié%fﬁw‘mﬁ% cﬁ'%%él%n%d Ebﬁstar?hegtand is

ontaining no FBS and no carriers
Se'&éﬁ\reé,onﬁ@r é*ammealeé@ renevedabysfilisatiang theciElurin gentaining of
ree
suhitentis Sofcd il irdhiraltiE. AerlinEaind) SEhuT
chromatograpineithd astiviteobthe rﬁ‘orlfaS@utnbrdlslameng bérat |ee$t|200ttdmts
rFu?H | a concentrationwhere growth could be possibly
I'bited, the medi um was changed by spi nni ng

[0130] Testing for mycoplasma, viruses, extraneous agents, sterility, and
expression efficiency was carried out. The criteria for selection are high Furin
activity (e.g., Furin protein, ELISA) and homogeneity of the cell population in
immunoflourescence (FACS), performed on different subclones in comparison to
initial clones #488-3 and #289-20, respectively. In addition, the impurity profiles
have to be compared qualitatively (e.g. by UV-peak patterns after RP HPLC or by
SDS-PAGE/Coomassie techniques).

EXAMPLE 3:

OPTIMIZATION FOR MANUFACTURING RECOMBINANT FURIN IN ANIMAL
PROTEIN-FREE MEDIUM

[0131] This example describes the development and optimization process for the
culture of the rFurin expressing CHO clone #488-3. Specific medium optimization
with regard to amino acids, glucose, and NaHCO3 concentration was carried out,

which resulted in increased cell growth rates and higher productivities of the
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down the cell suspension. The cell pellet was

resuspended in fresh growth nedium Culture splits
wawee/ogssny or med when the cell density was gr eaP@r/Usivasi087732

4.0 x 105 cells/m . After having reached a m ni mum

viability of about 50% at culture day 15, the cells

started to recover and, fromculture day 32 and on,

f t heir.. V|ab|I|t¥)tncr as d.tp betrﬁwﬁ% 85-90% (
eriidiiol wiess 1 OREEIRR Sorubmeiantiolid Brpes beyeeters was
cafried amwahﬁme Gglrﬁfzedﬁwedimh sorm{ufstiod 3dr SO ( 1\0°/aI2foef£ ahd% 20%)

t xperi N serumiree
TGP eIl AR SR e ParTies G0t oA iR AR agts? 1-7.3)
an@ lﬂéﬁp‘érﬁtdﬁ@&aﬁgé BBMed- 37ng €} ARhith sdied ﬂfa §@weaﬂa,yéd it

was transferred to a 1 co Spinner, where the cel
imgroxamest for (w5!Q eppe, §ﬂ8%§we”ﬁﬁ€ﬁe”tﬁw WaRiFaTies ogt atzﬁwer

teWPSrat PSS BstweBRAEt-3649) M of the centrifuged cell
suspension were resuspended in serumfree BAS nmedi um

[0132Nt A F%lﬁébro@cﬁén maYBE, cHefRRH cgﬁ‘ureg BRd %H&Her@éf'een

was cultured in a Bellco Spinner. According t
culiiges mereeMmeRsy. leéqcatlrwawgt 9th psgeasy types are Suﬁﬁté@fqmly%

mandea BRI SE Hétggfeeco r§tﬂ|9ly¥el§s%iﬂ1 ﬁ%gfi&diﬁ? a&%tgr

density of a
seftings uSl@ﬁlfm @mnman@wwam:arrmecb@tab inyestiggte tuioBuendear ge

2o M B SR e oo P B b sttt 0§ e

spegific grosdioGated andexpregior at@piceh densit@s and therefordalBetric

o e B G5 My HF ST LB P WAl g

uneerpandiidnantingueakéd ygn(ammratlesttlesyleld\smbeldﬂﬁ! sf_.igmfi@iw]:twn

ure sets.out a i son. of t
incigsed | Alipbeifier e hfeice st B bRirmaRef o B e Eurif upgiieam
procebs aropel| efidracterizdd \HNC&'@@iil:d tmdelPHE?E&oO?/nd ?Q{gﬁ%l@rﬁtﬁ‘&ess
oo bE RS SEin (eG1eF PR for P{Aginica are A MERUaGBENG. The
de@u@gimauf:ﬂgﬁww/&:lo and CJ06-19/ 1E8 were then

[0133] A subclone # 488-03 was developed in-house which was adapted to a
serum- and insulin-free medium. The following experiments were carried out in a
FBS-free and insulin-free medium (BACD-medium) as the basic medium formulation
(see Table 11).

Table 11: Components of the basic medium (BACD-medium)

Concentration

Component [a/kg]
DMEM/F12 (1:1) 11.76
L-Glutamine 0.6
Ethanolamine 0.00153
Synperonic 0.25
Putrescine.2HCI 0.0036
FeS04.7H20 0.0006
CuS04.5H20 0.00000125
NaHCO3 2.0
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generated. An anpule of the CHO rFurin clone #488-3
was thawed and the culture was passaged in a T175
wo b@gkss7Ch cul ture day 17, three different nmedPEI/g2008/087732
tested, BAP nedi um (devel oped by Baxter), CD CHO
(provided by G bco) and ExCell 325PF CHO (provi ded by
JRH), each of them contai ned 5% FBS. After four days
gr n.T1l75 cells Ce nedi u
06 2 Bl i8S oefBhih SBg R BRoo e Crigtioagor &2
prcip%lgbﬁonl\@h%n\wﬁaﬁed lalysfsrsinhé Stipithatansered theph gt Iguﬂ]r? was
irs

%h rocedure ranged over three experinents.
pe ﬂf@%@ Elg dpbrdeispulbdimes paprtial ﬁmoaw%wwcwd to
thd rlﬁea'lih?n5 nEhMelhfbnEﬁ@@lb'mé/@? ?&J&R@Cfﬁélﬁ Bh@ﬁhé‘@é‘?ﬁﬁne (10

The serum was then sl ow y reduce Yoon culture
madaly FESMeDigtiom ywa perfaened maa ¢ 911t bipeeagloy ot e, Hbl 71§ and a
feoqer formed, wherein the serum concentration was
urt her reduced to 0.25% and the viability decreased

to | esser than 70% The cells lost their

anchor age- dependent behavi or, showed nore and nore
TaBRNEY: iAAinoSdA@ Anafiats By fPLed to grow in suspension.

[01 18] The I ast step of serumreduction occurred in a

Techne Spinner in ExCell 325PF CHO nedi um cont ai ni ng

Aringrabids IBACHC24 861018 26| FUR ¢ %@@o@g{t@% FURCREAP 104 Ko7
vor e i1 |andpoatder ol { o] KEAVBPEoN BBy hrfpale peakars
pat-amretersa—ther+—o ven ange—Hre—eeH-denst {lgP]
msoatc aed ween 0. 71800 106 26P4s/nl .| The 98
il § oREdgb g0l o5 (o Agpagirt 10 (1 TisT
Eéc‘??'aéjl E'GFe‘ d;y Aibgbd’;euaaa)t ed c#4BE were| frozetbdmn
t001 < ver e[t hen 300 oned. | A cel I Shspens| on vel-1?
dfoikeed W {1 or cagndy (1 onell BXCagh 825PF CHO | s 3
Gverind b 51 190881 Ls. [n thetSsbel on by - 2314
Bk MeNt | five §foyel I plates 4559 45.32
Threonine 100.00 63.09 61.39
Arginine 100.00 72.22 74.25
Alanine 100.00 1513.36 1518.46
Proline 100.00 58.54 55.36
Tyrosine 100.00 46.37 47.63
Cystine 100.00 53.43 56.39
Valine 100.00 42.75 42.11
Methionine 100.00 13.23 11.51
Isoleucine 100.00 48.39 48.79
Leucine 100.00 23.58 20.63
Lysine HCI 100.00 41.85 40.65
Phenylalanine 100.00 34.99 33.00
Tryptophan %: 100 69.1 68.8
BACD_24 06_014_026... basic medium (s. matenals and methods)
FUR_06/10_MO04_KO06... Fermentation lot, 6" day of culture
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were filled wwth 100 ml of this cell suspension per

well. The day after the seeding of the cells, the
wawivessmes e searched for single cells under theCT/US2008/087732

m croscope. Wells containing one cell were marked and

observed further. Addition and exchange of

precondi ti oned ExCell 325PF CHO were performed when

FUR 4y ohen tp_g % qltgd or el b t he absence of
Th@g% RS Sibetlit Lo ﬁf@.ﬂ B, E Wb ek béstzel daBh &R0k to
1008 ycwa&nﬁiﬁci 6l pshk bare@ BbthiRg HREE larmeirﬂfthe t clMRe the
de@eéasgbighcredestive romeshidwasweiarminkae evol ved cl ones, having

reached an appropriate size, were transferred into a
[01381 | Bee fo lou: gletaming gencentiatiens i liee surseatget affthe culture,

|
oS RSB HEAD LD Vet SRS g o
glutarningras Qmem/bLmrdh@addﬂ]@GOﬂ@b@ﬁﬁm tnttie Gieéburh e dwth rate

AT LB 9 PRS00 SLLAPES Ko oo

thrpe apnmcedCIdsl niexGerhdd amjAel(nam'éIyaaethEﬁBte (H0esgh), Iédtine (40

gL o BBl Bl LY b G5 HRUGE WHEBAR R BB coue
be?:meaiﬁledvaijayh (nm@lfaé)z(eée madiea agon%e vmnmemégﬁB@dufcﬁaﬂtybwent up to
ev (0] a (0] Su
ape%%@x@%ﬂ@?b@io bgufgthe@@ﬁsa BEaslystivity shewed an
inchedsRfof GBE . ﬂ'lhéls‘wﬁblﬁaﬁ@ﬂita'iloﬁ?o'i thd ﬁ%e@nuﬂﬁ@&th g@ta?mﬁé TRetridifhe,
then into aBell co Spinner. The ECB /

leyckieansk Rhegyistaning %hoaveg FuRPSItIVE @ffashon pelhg@wemqr\gir\@lwtnc
an@fspétflﬁ‘c 50&'«2? =l \ﬁ'é’é/th%réere'-:r%lﬁgd f%HRHh@P%eWEFBE% ion.
6-43, was al so expanded in ExCell 325P
rredl um The culture was expanded froma T25, to a T75,
to a T175, and then into a Bellco Spinner. The ECB /
TabltOf3: 6Fer@fdtithidn AatPbf tHe cHeSstaBEQItdreFASR_J6/POMD4 from day
6 t6\daly\g 6f wituref the T175 on day 18. [0122] The ECBs

(Subcl ones 5F10 and 1E8) were adapted to BCS nedi um as
set-out below  The subcl one CJ06-19/5F10 of ECB clane

Expe@in@it 19 waglct hagd| iphl gxger) me@t CIQ6- 6Furiand tthen by qgP

FUR 3H 0 F ST A1 T NV ] [T B A Ui v | purcrar 1ot

Day 6-9 1.58 |0.10| 7.16 |0.494| 2.35 | 0.548 |306.55| 151 64

Table 14: Fermentation data of the chemostat culture FUR_06/10-M04 after the
supplementation of the medium with of 300 mg/L glutamine on day 12

Experiment gic gin pH D CcC 4 | Furin P qP
FoR08M0 g1 | gy NOVA ] [t EBmL) [1/d] [IugmL[klU/L/d] [U/C/d]*10°
Day 15-21 147 | 035 | 716 0.668 | 227 |0673[352.68 236 104

Table 15: Fermentation data of the chemostat culture FUR_06/10-M04 after the
addition of methionine (10 mg/L), leucine (40 mg/L) and phenylalanine (10
mg/L) on day 22 to the medium

Experiment gic |gin| pH D ccC u | Furin P qP
FUR_06/10-M04 | [g/L] [o/LYNOVA| [1/d] [1 E6/mL] [1/d] [[U/mL][KIU/L/d)|[IU/C/d]*10°
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i ncreasing volunme, the cells were weaned from ExCel |

medi um and acquired the ability to grow in BCS nedi um
wWab@ossiied one CJ06- 19/ 1E8 of ECB cl one CJ06- 19P@EES2008/087732

simul taneously adapted to BCS nediumin a simlar

manner. [0123] Table 8 shows all serumfree cell banks

whi ch were prepared in the course of this study. Table

; af carnmm frnan ~nl hanlk of o
T T A" | T o

(@{HTa222na¥4d
UTTTTAAT LILEL LA A Y2 TTATTINS

Day@éessi np THO B38| 738 Jri7 145822001 0405 [8786pareTson 0121

PMCB#01 and PMCB#04 and subcl ones 5F1I0 and IE8 i1 s set
out in Table 9. Table 9: Conparison of PMCB#01,
[0 RGCB#0a chenk \Butbérdhe suppléMented ahidurt® a2 aftiro aelds in the

gt Vit Sl sHh Ao P AT Bnemilalan s ou

wasetforraed.oThée beltwre lhbd beae supmiiedtwith 3d0Eg/L Jaesineahd the

[ AS, medi um (Wi th_the addition of Put,
R B G R a0 T AL B
an®PNER# Qditure esmetiei cuttling. cdn@itidhs w‘El‘@siﬁmbﬁi_olCtﬁgfe &Eﬂagqr%&idabove.

avai |l abl e medi um

1E8 re 0 in the co rciall )
The fegilis @%%ﬁ%bvwéﬂaévm%% Pa@gﬂggat@% mefhiolias leurnessid | y
phehyl@aenk 2ge sRowRHonMras®dt itfidibe Risurt9snMbatpoemeated
preferred, P 01 and PMCB#04 were chosen for further
amnQacids WEFE BresertyR the fefpentalionmbroft.esent ed in Tabl e 10,
the cells of PMCB#04 showed better growh behavior in
conmparison to PMCB#01 . Viabilities and growh rates

Table, 15: B¢ %i_%f toud af rastBicTRe, 18UCig A RhGNGalanIMe in 3
chemogtatiqulture, (FIR 06(17, FP4) supriemeptad withglutamipe (300mgfL),
methioging 9 mafle, leysineddmg/t) and phenylajaning (1Gmglkk her

experinment, the data concerning the viabilities was

Iclﬁﬂh'o;ag’ca?7 ROPIlgenai‘(krglJ'gz; FA]OT ergl(aj’l{fveoéoeatknaereaP o jrsela\‘\@g ptear](aa%g [%]
BACD-24-06-030-057 | FUR 06/17_F04-K07 | FUR 06/17_F04-K15

Methionine 100.0 47.5 61.7

Leucine 100.0 50.3 65.4

Phenylalanine 100.0 50.1 65.2

[0137] Reduction of the NaHCO; concentration and increase of the glucose
concentration. The influence of high dissolved CO, concentrations in the cell culture
on growth and productivity was investigated. Due to large scale production in a
bioreactor, a greater CO; concentration in the cell cuiture can be expected than in
2.5-32 L bioreactors. Therefore, two fermentation runs were carried out in parallel,
one run with a CO, concentration of approximately 7.5% and the other one with a
CO; concentration of approximately 12%. The CO, concentration was adjusted by
varying the CO; fraction in the head space flow. The CO, concentration in the cell
culture was measured by analyzing drawn samples with the NOVA instrument. The

fermentation was carried out at 37°C, at a pH of 7.15 and with a pO; of 20%.

[0138] A CO.-concentration of 11-12% had a negative influence on cell growth
and productivity. At this CO,-concentration, a growth rate of 0.29 d " was reached

over an interval of 12 days at a cell count of 1.1x10° cells/mL and a dilution rate of
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containing BCS nediumwi th Zn as additive. As shown in
Table 10 the viability of PMCB#04 was agai n greater

w0 ban/0sd1as of PMCB#01 . Tabl e 10: Thawi ng experPeEOS208/687732
PMCB#01 and PMCB#04 [0128] Thus, PMCB#04 was chosen as
the source material for the future production of a
rFurin Master Cell Bank (MCB) and all further working

[ k ). Th MCB#04 0
0L SBE FortnbtbR b R MR %EPmC Phe® B L AR @Xb?ﬂ“
waSirescredPit aodejume?maguldmmoﬁSenngabnﬁ \ﬁtdﬂaﬂcbri adte 63 d™ hm the
t est.i ornmed i.n accorda ore sts e
et Bt AR, WA B COPRREERIR e YABIL WA RS R. o Vo
comﬁuredrtolgs gvaRuf @@/x @ozng\dam@ﬁags&% vdlGHheBk pmmcﬂmwas
mediumis free of human or aninmal derived substa

rediegd ite aRPKIMAteK BB preand hgwrRETie RECAUETYIY to SRehy elauw the high

Cd,l dohEaittian, ﬁw@%pégﬂé bcESELiftaRe Rite SHHREIRAIARBY ab el (- 39%).
concentrated by ultrafiltration. After purification by

Th@ﬁ@ﬁﬁﬁﬁ@énwﬁr@ﬁﬁ agingreasedt G2 eendeniraorof! 1t 1286 rqrueslirgrowth
an g"% Ity Wi ﬂvQ)LEea U tHeP&iSle, A000pthAI%0 ALY bl k-

T st or mycopl asma, Viruses, extraneous
fera@et&tlgn aﬁér% Cley, and expression efficiency was
carried out. The criteria for selection are high Furin
(01381 | vAs yet(cyt gbovergxperiments shawedthiabwhenite barregtatiin of CO,

waQ (%r |129’0ﬂl{‘gé‘tl'db@ ! lgi 05 Et%ﬁggé&?gﬁsee |K‘»FhAéCS)
or ma

oh di fferent
pelrfcvnntar‘ab of treneH OxA8 B+ Gomél&#a&ﬁn:b@ expestpdc ﬂ'hequre it was

cedih 4 Aok I |ARED) B RLILER BB e o 3 P BREEp on. 4
leseer doyoBDSf I%BEIGBJD tiees siediutrealbaidgeueayed MﬂﬂeEcﬁpacity of the
me TI M Aﬁ'@% ﬁ(ﬁﬁl}f&NUFA RI NG ﬁﬁsane compareL(J one wl}lh 3.15

g/l glucose and 2 g/L NaHCO3; in the medium (FUR_06/24_F01) and another one
with 4.65 g/L glucose and 1.5 g/L NaHCO3; (FUR_06/26_F04).

[0140] To simulate the conditions of a large scale bioreactor (1,000 L), the
concentration of dissolved CO; during fermentation was adjusted to 7-8% in the
fermenter with 2 g/L NaHCO3; and to 6-7% in the fermenter with 1.5 g/LL. NaHCO; by
constant CO; gassing in the head space. The growth rates of both cultures were
similar (0.58 and 0 56 d”') and the cultures showed comparable volumetric
productivities and viabilities. However, the specific glucose uptake rate was slightly
higher in the culture with a lower NaHCOj3 concentration (0.83 mg/10°cells/d vs. 0.67
mg/10° cells/d). Therefore, a glucose concentration of 4.65 g/L was considered to be

reasonable and was retained in further medium preparation.

[0141] Investigation of the Synperonic F68 concentration in the Furin medium.
The regular concentration of Synperonic F68 in the cell culture medium was set at
0.25 g/L. The purpose of Synperonic F68 in the medium is to protect the cells from
damage due to submerged oxygenation. Therefore, one experiment was carried out
in 2 x 10L bioreactors, where an increased Synperonic F68 concentration of 1.0 g/L
vs. the regular concentration of 0.25 g/L was investigated. The fermentation was
carried out at 35.8°C at a pH of 7.30 and with a pO; of 20%.
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[01 31] This exanpl e describes the devel opnent and

optim zation process for the culture of the rFurin
wexpressihg CHO cl one #488-3. Specific nmedi um PCT/US2008/087732

optim zation with regard to am no acids, glucose, and

NaHCC3 concentration was carried out, which resulted

in increased cell growh rates and hi gher

d iviti t hef i . .
ORGP ol i csSag Pl SomEn AT By PR GG Re8) 2 gl higher
sp&éfic gainth e and cell E&\ﬁltb%oewtbd%mfeﬂe?hum (IfLWtﬁUlh(ﬁbéﬁﬂ

an a actorl a ri nment

far 0% 20% and 50
oo BRPpEBAY broPE BBRLY HeRlsT SBLTIAE RCeig e 360 Ve, 278
kUM/d cduld betBidveaper at ure (range 35.1C- 37.9C), which
resulted in a significant yield i nprovenent for CHO

[0 10113!3 nes éidk?RatdntstiRin tr@smbaﬁm@ms Wive @él[écté%ﬂaﬁ&iﬁlte@éd with a
r tenperatures between 35-36C. 32] possi bl e

deaﬁhgﬁaw?tm et €98P thvelass ¢ gfscelifotiow b&ﬁd“%'f’r@ﬁerf'géw?@”
FIMJ%@%KMQDFLM’)”W% ﬁﬁerea 'é@lb%%ta‘hﬂ; WoRlcARAREMrREPHFSS

for the manufacturing, of rFurin,

t
teahlragon ESarnys AT ACHUIETS QPN 1O 25 aosdisibeaied
agdiRkt thQ %rm %%Qﬁ}'gtlbﬁ Pﬁﬁ‘@re rTH@?EﬁIeWE%d%%énﬂ%t@ § de?lus

i nvestig l'uence of agitation
SartpbrgintA éi%‘rﬁomwﬂéhéﬁ/ar?m wes psmﬂect omte %amwMMﬁwplm
Cifi | ‘
ReSREH S B AERSF BREE YAEASL A 6815500 8l Srogrnie
F68th|aelmgldptnmémtalenﬂimlhcbyon\mxaintytarﬂr‘m puntytdfehé)bmfmldFonn No

el SgH R e $oHeRr R bl e Bunt PR Erer pe capto
MM@ cokase tvhioN wergetthtd mgirhie in dth ehrates. of the main

paranmeters of the rFurin upstream process are well
[01@154}ar ahdzmtieztlamlsemesutsrtegzﬂydmmntdﬁ&&cmfcéamnonanmearﬂmngh

di f d
mefjuin fep 3eBLATES Prifte) FaRdL HONRIS it Pridl Phigobigras due
to @L&:Werbsd akyyemationuin ibereasing [s%a&]ome @ub@r&tﬂmen #6f 48% 09 g/L
ser unt

devel oped in-house Whi to
colfGeicRETHIFEr MR RCRR G ohEcrBRPOWERS Wiiset AFEREDE
influBhice 6fahé Fiegl Ridh prédutt.
[0145] Final Medium Composition for rFurin Production in Fermentation. Based
on the medium optimization experiments, the following medium composition is
shown to be optimal for the fermentation of CHO clone 488-3 in bioreactor cultures

for the production of rFurin.

Table 17: Components of the basic medium and optimized fermentation
medium

Component Basic Medium Optimized Medium
Concentration Concentration
[a/kg] [g/kg]
DMEM/F12 (1:1) 11.76 11.76
L-Glutamine 0.6 0.9
D-Glucose - 1.5
Ethanolamine 0.00153 0.00153
Synperonic 0.25 0.25
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FBS-free and insulin-free nedi um (BACD nedi un) as the

basi ¢ nmedium fornul ati on (see Table 11). Table 11 :
w@vposssmd s of the basic nmedi um ( BACD- medi um [ BABY$200$1087732

order to inprove cell growth and to provide optinal

conditions for cell propagation, an am no acid

anal ysis of the supernatant of a chenpbstat cult
perfcrnlred /one Tahl 1’)\ Ae A rocult t-hree—es

am nd in - 00

met hi nMpthwnmn my/ L) | IFeucine (40 m$Ah) and
phen»l'aﬁlﬁhilﬁne (10 rm/ Y. Fernentat| &P4was perforned in
a 1.5 Phdnyeleemet or at| 370C, pH 7.150dMd a pg 2 of 20%
Tabl e HESOATHIM aci d pmadogsi s by HPIDQOBACD 24 06 01
4_026. cusOdbais2e nmedi umo(gaooomker i al 9.0a0gb1et hods) FUR
06/ 1 ONMMEOKO6. .. Fermgntation Tof, gth day of
cul tureFUR'0671T 0O_M)4_KO7. .. Fermentation tot, 7m day
of culture The peak area of the respective am no acid

O1i48bt hﬁhé‘iﬁ’ﬂ&‘er@eaﬂ A&t p@}%epé&h% JEGWR %@aﬁ@br&d@ctlva g

% By conparison to peak area obtal ned
Waa@éﬁowmtﬁstlgﬁf@dcﬂérﬁ@ﬁféﬁre@mqm points Werertested. icf. 1t)%e 20% and

509 eslﬁw%cé)ép\éﬁm%msm?er@ lefFolRSd T 8L gctoLso\;wtr?’g S%ch¥'5?1ﬁ8d

w gl utam ne concentrations |nt super na
spa;qﬂ tAlFfermentatiemiune wese cartigd dut et 3%h é°<3mUMd| i 403 QComdrispn of
l,ut ami n
fgrrﬁéﬁﬁ%(ﬁ] rfun?ac\ 15?&;?%&{) Eé%fp(z% \élv%dn%e& pﬁﬁr%tasgggthe growth
ratemé) 59, ObZandates d hwtbas@'dasﬁmg)poeséﬁpcdnﬁ: L keQiss thek \dolumetric

h dd f.th
pro e Y eAB T R onL Qb0 b (oaR) chifas e ggrebt” o
fermehtalion hansovere viedlsimijat. ) Trausd thehiaonghed mnthe eolubietngprlodictivity
rovvt}i rate of the cells could be

tg the j U t he
wap ﬂ&er @ggpepéggg}nqe?%n%grodw "3t€ see Table 15). The
tr duc to a i mat 267
(0147} ¢ TebrieeuBion ik el HahElinolP semag Rl Rt efhe afuin rate
positively) ahd as e :@fsulw%vommetau PRidRIaEVItyalasappbx. 1496 higher than at
standarla c%ng}tlons P eZO 5 °Ho e?f‘ect on viability was observed. Therefore, a
setpoint of pO2= 20% and a range for regulation between 10%-50% could be

i al

confirmed to be suitable for fermentation of the CHO clone #488-3.

[0148] Optimization of temperature and pH to maximize the volumetric
productivity. The influence of pH and temperature on the performance of the CHO-
Furin clone was investigated. By using a ‘design of experiments method’, different
temperatures were combined with different pH values to ascertain the conditions
which resulted in maximum volumetric productivity. Five temperatures were
combined with three pH values according to the “Doehlert Matrix”, resulting in seven

combinations of temperature and pH, as shown in Figure 5.

[0149] The combination of 36.5°C and pH 7.20 was chosen as the center point,
which was applied to two fermentation lots. Table 18 sets out the culture conditions

used in the different fermentation lots.
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| euci ne and phenyl al ani ne showed a positive effect on

cell growth, and volunetric and specific activity, and
woer®nsssief ore retained for further nmedi um pr ePEr/HS10081087732

Tabl e 13: Fernentation data of the chenostat culture

FUR 06/ 10- M4 fromday 6 to day 9 of culture Table 14:

Fernmentati on data of the chenostat culture

FUR 06/10- MD4 after the supplenentation of the nmedium
Tapje 18:oExperimagial sgtup ahihedDeghler\MatrixTGp|ture; conditions of the
differeptfarmentatiamlods of the chenpstat culture FUR

06/ 10-MD4 after the addition of methionine (10 ng/L),

| /L d
2gu;:|on;eh(4 Mtwq%ghg Ial%‘ﬂ metﬁj"'!r the) on fe

suppl errentEdRammAmBm of| t hesmmi no acvdzs in the nedium
it anot trer—anpno—acid ||a|y~ls of a

wer e suf ffi
chenpst at EHﬁt-Qﬁ/‘é?‘ ?Q%L) vvas3%%rfor med:'%Thg cul ture had

been suppl Fer (‘JE/ldﬂB(&QO ng/ Laggd; ut am ne. 3@nd t he
respecti ve—anounts he—three—atmno—actds. The
sanpl es vef¥ d‘PSA’W’iB%h day 736%d 15 of -2Pul tjure, and the

culture copgRt@@mB@pre Si mid ar to t hege menti oned
above. The—+eSults é‘q Table—16 Yy t he dat a
ne

for net hilohYRe06/4%:R and37p?1enyl al &dPne |are shown)
confirmeg ﬁnﬁt06§wé¢4ll gnt agpant s |of stse quppl enent ed
am no acitds—were—preseft—i-n—thefernmentation broth.
Tabl e 16:| FdRAG4%BoUnt 03796t hi oni’®?€, lleuci ne and
phenyl al anine 1 n a chermst at culture (FUR 06/1 7 FO04)

WS e

i ncrease of the gl ucose concentration. The influence

O SO LT BT TR P o ooty
L R T T
FORPB6ue oY Nags 1 N 720 | 174 [0595| 930 | 543 312 97.7
FUR_06/40-B03 | 358 | 7.30 | 1.64 |0.632| 621 | 379 232 97.6
FUR_06/43-B05 | 358 | 7.10 | 1.73 |0.647| 683 | 429 250 98.5
FUR_06/40-B01 | 365 | 7.20 | 1.78 |0.696| 439 | 309 174 97.9
FUR_06/43-B02 | 365 | 7.20 | 1.66 |0.684| 454 | 310 186 96.8
FUR_06/40-B04 | 372 | 7.30 | 1.71 |0642| 284 | 184 108 96.8
FUR_06/40-B08 | 37.2 | 7.10 | 1.68 |0.652| 338 | 215 128 98.3
FUR_06/40-B06 | 37.9 | 720 | 152 [0.473| 143 | 65 43 96.1

" the mean volumetric and the mean specific productivity over 5 culture days were calculated by
forming the the mean value of the singel productivities

[0150] The data were analyzed statistically with the Response Surface
Methodology (RSM), using the “Minitab” software. RSM explores the relationships
between several explanatory variables and one or more response variables. The
main idea of RSM is to use a set of designed experiments to obtain an optimal
response. The analysis focused on the volumetric and specific productivity as well

as on the growth rate.
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2.5-32 L bioreactors. Therefore, two fernmentation runs
were carried out in parallel, one run with a CO

W@ oweest7iat i on of approxi mately 7.5% and t he oP¢IEUSINE087732
with a CO2 concentration of approximtely 12% The CO2
concentration was adjusted by varying the CO fraction
in the head space flow. The CO2 concentration in the
cell culture was nmeasured by anal yzi ng drawn sanpl es

(01611 h AnslysiEOvidhe sieta inrreterencele theyotemetiici popduchivityc oAs a dicst
stePh sGifac fioy B BreBiedlrilre 8) 38 loldly Rl fredat i fiqure 6

are miarkedrasepaints cBid sugfasatshown thepassdintd aartelatioAtof tﬂ'ﬁ single data.

(~-concentration, a growth rate of 0.29 d 1 was
[015&@hchBwe w@cemlptlsnpmmla lofeall ondelgtioralbeteveer the parameters

ter%%é]ré?l.lré}ﬁléln tﬁé Eé‘s %H& vvgt %Hn#gthc? Qrodaé@&y%B&a i‘\g \XH%S an
incredse ojﬂheﬁvcﬂlZmdtril: pmadudtlaeyt:\hmld dad:reasmge lémmmatmre d‘fhelnﬂlibnte of
ells/ ion rate of n.the
theSSh GariisFad b wiint ubBPu it GaiBnialons aiowegl el
cor‘;elghxbr{ ofttpe ‘dg& (rcerduaedn het s&ﬁw\ih% B)Cmﬂmbeéntalgs@%@&/q@tion
. vol unmetric, productivit
wal 98 iR oD e e BPEH 5t CTLOARREN DHe G .
volnhﬂdk&érbauétwntyo 50% Due to the high CO concentration,
the specific glucose uptake rate was decreased as el |

(-39%9 . PTheegsgaIerwT@Hwezmee* H an increased CO

concentration 1-12% on cell growth and
01§ﬁbd&awiwh9&gata%m? BwdslR C%rﬁeur Riplewas generated (Figure 7)

wh%ﬁl’ld&‘atésomé ﬂ‘fﬂfulénéélbf teheffursBMaaH 8R tlﬂi vc]urﬁgft’n%d uct|V|ty

[0139] set out above, experinments showed t
Th@ HetSdaﬁife@tﬁtth%\Wmﬁtmﬁ (el tomae. )wmre'a@ete?etrbte&tz%qmemrﬁentally
00_L bioreactor, a strong decrease in the
[01;§é} f oFNESRIEOWPIqtsEOwRItNAL the Areg) Wheressaximuphyelyeetric

prd%i&@t‘?\ﬁ’r&%@n bENSHEERASs dt @5"!’3@ a‘F\@ chﬁ df 5;5er§3 d;uq:@ Eicﬁﬁ valugs are

concentration in mfrom 2
at @ﬁ@dgmf thesepermental d@$lgwa4h@@ rBeans that tﬁﬁdealrm@m@um could be

fouﬂe Guesed thss@ vEILeL, FphRfthde (R c%Hg Bt YA hat the
her ef ore, ernentation runs (1 t’) wer e conpar ed,
lnflgﬁ@ca,@ftthe gHm the volumetric productivity is marginal and slightly higher at

low pH values.

[0155] The surface plot (Figure 8) which is a three-dimensional illustration of the
mathematical model, gives the same result as the contour plot: the strong influence
of the temperature and the weak influence of the pH on the volumetric productivity.

[01566] Analysis of the data in reference to the growth rate u. The correlation of
the growth rate with temperature and pH is described in a quadratic equation. Again,
a strong influence of the temperature and a weak influence of the pH can be found.
Strong variation of the growth rate hampers the design of a mathematical model.

Analysis of variance and regression gave following equation:

P = -103.539 + 5.706*Temp - 0.079*Temp? - 0.233*pH - 0.020*pH?
[0157] The influence of the pH on the growth rate is statistically not ascertainable,
as indicated by the high P-value for the pH-terms which was calculated to be 0.99

(calculation not shown).
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g/L glucose and 2 g/L NaHCO3 in the nedi um
(FUR 06/ 24 F01) and another one with 4.65 g/L gl ucose

W@ 98B 13/ L NaHCO3 (FUR_06/26_F04). [0140] ToPGIi/nsioas/es7732
the conditions of a |large scale bioreactor (1,000 L),
the concentration of dissolved CO2 during fernentation
vvas adjusted to 7-8% in the fernmenter with 2 g/L

HCQ3 and to 6-7%in the fermenter with 1.5 g/L
[01@Ho®%w@ﬁﬁ<arﬂ:lge@ Yalustiates them@qlﬁ@a@rsqﬁ@@ threge
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quwtb(ﬂ@f@tatﬁﬁtﬁ 68 and viabilities. However, the specific

% ucose uptake rate was slightly higher in the culture
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correlatiomisldescibret! oz hm@raqnehbn i heunftuesce petheyrh is again low as
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medi um v@g Se 142(1{_5%5%? tgﬁ“ﬂ— %?7&” pose of Synperonic
[01B868 iIn suhenargdinerexpsrirnentp fat apdimizdiienof kérspdratune dadrpbleand

due to su enation her ef one ,
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onfinzalid g eres B o R Sl Wias St (a5 6T and lowest
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speci f /product i Vi L)/ 3gortl onal | y’k(%; eat er
apW@%u%Pé} kYt dor @t/ dt"\/’h’@? is355 ties gpeatendbiqure 1¢buBapaseon
theBB e QM8 dinelEhAst palHRefon arapdraturé Ry bPleﬁﬁ tt?é‘&ﬁfdr@@%% CHO—

were collected and filtered wth a d teré
|Iter
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[01(61] Comparision of chemostat mode to batch refeed mode. The culture of the
CHO-Furin clone in the chemostat mode at a low temperature (35.1°C) resulted in
high yields in small scale experiments (1.5L, 2.5L, 10L and 32L) and was considered
to be the appropriate culture method for the large scale culture for production of
rFurin. However, initial fermentation runs in the large scale (1200 L bioreactor in the
PP1 facility) showed a strong decrease of the growth rate at the chemostat mode.
As an alternative, to get higher growth rates, the batch reefed mode was set up in
the large scale. Experiments in the 10L bioreactor scale were carried out to
compare growth and productivity in the chemostat mode with the batch reefed mode.
The cells were cultured at 36.5°C at a pH of 7.15 and a pO; of 20%. The batch was

split to a cell count of 0.6-0.7x10° cells/mL every second culture day.

[0162] The chemostat- and the batch reefed-fermentations were run in parallel,
using the same cell culture as inoculum. The cells were cuitured in the chemostat

mode until day 6. Then one fermentation run was switched to the batch refeed mode
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Fl uorodyne Il KA2DFLP2). The filtered supernatants

were concentrated by ultrafiltration (Sartorius
wWGRABMEIeD1 E- - SG PSU 10KD, 0.2nR2) and di af i | t PEE/E82008/087732

against the Furin diafiltration buffer. The sterile

filtered concentrate (Sartorius Sartobran P

523130748-00 0.45/0.2m was purified on the Capto MMC

colum. Results fromthis purification experinents

(FURVE& 59 @R arhileriee piher eae was Spniuiedrin thergemnstatimaode
(Fls‘ﬁt 6¢ Qf@zg 'dlﬁth%ﬁgq gé‘tgﬂ lr‘%"eé\/ﬁnogj;é%gt@t@g@ bifed cdiNunt
of Zdﬁcxe‘rﬁ rcatm/mtsatctmjemd béthecmmjh with argrowthuateeofdd.64 HE (Table

20§ 6y e A8 585 TR g s

celFé&unt @hamkt(ftceﬂslmm IDlhmtortﬁarhlgherredll crmruvaad lgepith adtetiméhe
0,2 L. However n, case of
bafth e iiss T ABREE S s PyeREs phte a8 wallPan ge 197
kUtydiper oni ¢ concentration of up to 1.0 g/L could be
considered, with the potential of increased yields
[0\&3Y hoThe d&hrri\d‘r@né aiat itrré batem esefed mbhe i & pedfedabld dulture method

ro t 0145 Medi um Co sjtion for, rin
forBhe G FURR PRt (RBrtodh S, WABEFSDI I eieuioti ofer
volQfietrid gratil @ity Bedr ifBRé herhbstaf MbHE t% ercwra pH of 7.15).
conmposition is shown to be optinal for

Howev ek it theibstchyrefeadaneds harvess.and; fH”W’&%@%’S?mﬁPQ%ﬁ% are
restiffted REcAHHMIMEAE Whild iFnd Eherﬂ_@é?étemége hERERARNG BAS beT

t he basi ¢ nedi um and optim zed ferment ati on

perermadgatingpushhel hyst pa@h@@tf@p hasfitseadvantaggs.2Ne@ptimization
exHnMrits RIF 19 B%Pnerté]jsg)f g@&&w%&a Mboky vs)é?épérlférﬂwed like for the

I nvest | gat ed hr ee ent set points were
optiraglteel| copnts at ivpgndafoa batgh S0 thmbe%ﬁp&trrama nts were
performed in 1.5 L bioreactors with gassing via head
space. All fernmentation runs were carried out at 35.1
0C at pH 7.20. Conparison of the fernmentation runs at
Tahlg 202d8'aﬁ'a valugs nBe fergpniation rip%qﬁrommﬁé'ag‘eematlpnéuns
FUM@LW -F04 (Chemostat) and Fur_06_50-F03 (Batch Refeed)

Ferment. lot Vol. Mode D V] cC Furin P
[1/d] | [1/d] | [1 E6/mL] | [1U/mL] |[kIU/L/d]

FUR_06_51-F04| 10L | chemostat|0.494| 0.497 1.67 401.4 198

i batch _ 1) 2)
FUR_06_50-F03| 10L refeed 0.637 |2.22 (end)"| 539.8 | 238

Mean value of the cell counts at the end of each batch (2 batches)
Y Mean value of the productivities at the end of each batch (2 batches)

[0164] Scale Up Investigations. Comparison of Rushton type- versus ball type-
impellers at different agitation rates. The influence of the agitator type on growth
rate and productivity was investigated. The standard setting used in the bioreactors
for experiments with the CHO-Furin clone comprised a Rushton impeller and four
baffle plates. The 1,000 L bioreactor for rFurin production was equipped with three
pairs of ball impellers without any baffle plates. Therefore, an experiment was carried

out to test three different settings in 10L bioreactors: one reactor was equipped with
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rates (0.59, 0.62and0.65 d 1) with increasing pq 2 set

poi nts. Likew se, the volunetric productivity was
wQe@angsst3 at 50% pg 2. The nean cell counts of PETES2008/087732

different fernmentation runs were very simlar. Thus,

the increase in the volunetric productivity was the

result of the increasing grovvth rate. [0147]

Cons enl , a set t of 50% seened t
the HpniRIA e titeagBelRoral BB ous pple PtbaIaTRekarS and soafie
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at standard conditions (= 20% PO ). No effect on
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tne et B LORE P8I cHNaRE Bl Y. 1) e at ur es

wer e corrbl ned with different pH values to ascertain

the conditions which resulted in maxi nrum vol umetric
Tapleoilic10ky Bigreactoy Set-wpsdoninpelieriagitationirateckperinrent
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fermentation data showed that the performance in the bioreactor with the standard

set-up, i.e. equipped with the rushton impeller and agitated at a rate of 170 rpm, was
higher than in the bioreactors with the other set-ups (Table 22). The use of ball
impellers at 60 rpm resulted in a somewhat lower growth rate (0.57 vs. 0.61d-1), a
lower volumetric (197 vs. 227 kU/L/D) compared to the rushton impeller at 170 rpm.
The viability was hardly affected though. Using a rushton-impeller stirred bioreactor
at an agitation rate of 90 rpm instead of 170 rpm clearly diminished the growth rate
(0.54 vs. 0.61d-1), volumetric productivity (175 vs. 227 kU/L/D) and cell specific
productivity (115 vs. 138 U/10° cells/day).

[0167] The data from this experiment showed that both, a ball impeller at 60 rpm
and Rushton impeliers at a reduced agitation rate, result in a declined performance
of the CHO-Furin clone compared to the Rushton impellers at 170 rpm.
Nevertheless, the results also revealed that it is possible to use a ball impeller for
culture of the CHO-Furin clone. Among the set-ups which were tested, the set-up
with the rushton impeller at 170 rpm plus four baffle plates displayed the roughest

conditions. Notably, however, no decrease of cell viability was observed under these
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form ng the the nmean val ue of the singel
productivities [0150] The data were anal yzed
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tenperature and pH on the volunetric productivity. T
dots indicate the conditions (pH/ tenp.) which had
[01lﬁeian (EmpmkoaMeirffemnt@itht}on fafsbdith gitehed biddalimpeli@st in 32 L

oicfoitrs PO 1 Gup'
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"B catipaln
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SPFORYEDY34 b PR g pppactor

(warkingpludxe QB’OLJ)QvasEKdLippealvw&Sa ﬁncﬂweﬁtbﬁd?ﬁrr@ﬁgér t9pe (hpcs., d =
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ofigly

[0169]

rinmen

e

gfj the prevgorbsy\huseg bmﬁ

2 day batch reefed cycles were carried out during this campaign. In order to

ans t a}
type impellers.

t he real

assess this change compared to the previous campaigns, a 32L bioreactor was set

up with a similar type of pitched blade impellers (1 piece, d=140mm), and

fermentations were carried out using cell suspension from the PP1 facility and

medium to ensure comparable materials to be used.

[0170]

A similar batch reefed process was carried out, where a 2-3 consecutive

two day batch cycles were started with a starting cell density of 0.5x10EQ6 cells/mL.

The experiment was carried out at 2 different agitation rates, i.e. 55rpm and 120

rpm). Culture conditions were identical with the culture conditions used in the PP1:
pH-SP 7.15, Temp-SP 35.5°C, pO2-SP 20%. Data from the last batch were

compared after adaptation to the respective agitation conditions.

Table 23: Growth rate, cell count and vol. productivity of the batches of run
FUR_07/06-F07 with pitched blade impellers in the 32L bioreactor
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found even bel ow those val ues. Furthernore the Contour
pl ot shows that the influence of the pH on the
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hi gher at |ow pH val ues. [0155] The surface pl ot
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) 7@)6>fe11'@hs‘ght ratigyo gempqu;@ﬁﬁgbaich @efz@;g@ces‘gﬁphi rafip 0@ * p)p H2

[0 1&#}iatidine vdlunfeticemoavigfP t(ha/spiHae) x bb@ctgleovkisysrate i s

statistically not ascertainable, as indicated by the
[0O11gh Fhevexpesinfent demengitated againe efiectad agiaitionlcaheidoms)on
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(+610%6), elhatea@rth@fnélmen ﬂ@ﬁﬁtyﬁh@reﬁﬁ&dwgﬂ)%l(ﬁ >95wSt In 5x10E06
sSee vol umet

Ce@??fgﬁbc t%uﬁ%terysal( i Bwp%tei@at tn@rﬁ‘@r%’éﬁﬁ @lgg%tr%waresh%cbg OPFitR

,m@tt@nldenl@gémmgg@m,@m yThe influence of the pHis again
| ow as proved by variance anal ysis (cal cul ati on not

[0152pWN} als@ ngHt&fﬂcon%Qlded Hat I&Hitation rlds, WhicHtdsQd&dih | n

sumar eriments for optimzation of
avg@ﬁﬁgf%{%p\étl%?n pp%goo u/L/D wepre mainly a result of the applied low

agitation rates of 20 rpm, and not due to the impeller design itself. Here it could be

W

demonstrated, that pitched blade impellers can result in yields >400kU/L/D, if the
agitation rates are adjusted accordingly.

EXAMPLE 4:
PURIFICATION OF RECOMBINANT FURIN (rFURIN)

[0173] This example provides methods for the filtering and purifying rFurin. The
collected cell culture supernatants were first filtered on depth filters (Cuno Zetaplus
filters) to get them cell-free and particle-free, followed by membrane filtration at 0.45
pum PVDF filters (PALL Fluorodyne Il). The filtered cell culture supernatant
containing the rFurin was then concentrated by ultrafiltration on 10 K PES UF

cassettes from Sartorius (Sartocon PESU 10kDa) with concentration factors ranging
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subsequent analysis of the data gave a quite clear

result. The greatest volunetric productivity, which is
w@ogigksied as the nost i nportant paraneter foPCPUSESES7732

opti m zation, was achieved by culture at the | owest

tenperature (35.1 0C) and |l owest pH (7.10). The

i nfl uence of pHis statisti caIIy hardly si gni fi cant,
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CH}?’gﬁ%}?eH%rétQWF}i i:%ﬁu{a%gn#t&g}ir esulted in high

sca experi nme 5L, 2.5L, 10L and

[0 ﬁét% O@Bgnmﬂﬁ Brbcdegﬁfeetﬂ\ %r?ap B teh 'raBh 'v\?sede@\élotpﬁ? ®hat

or t ar ge scaecuPture or prodau ction o
requirgd iaroadipgwegrductivity ofi gl mBé&anmERT dor @fﬁcueumndnng oherurin. The
. i i i .
o925 8 GoAc 0 o5 L8R BAld § A BRI ptoimate
SOQHQWmMNaﬁbaed dasn@thesdcreanirag ph&se a@rzghentmugimerup to 300 mM

o P b o L BB L B
(RTewas inareased tolH tb tmpronp birelirgy c:fwt;hrrur:gglréng loddiay, ivipaytioutar at
richo&NIBpanGany fibd et Nk Pes Treee o of Fgvani pufiers
TaRed®5) 2006 pﬁ'gfﬁ:algla? gjﬁﬁb&ﬁerﬁ@ Weg% Eg:‘](grn(e‘d: an ElnggMAE (Merc 2{eand
Catiotl (3 KelieereLanion mehpaos romonehdHeiRuR e Sankivel

padkéd dnd tﬁ@h&dxirﬁum f@w ragk foltp ePRBE TEElahaljtitdl Wat Sfmmarized in
i noculum The cells were cultured in the chenost at

Tablg#& shew h%rgyr'e canRe foprRNtratetERMAe 68l fulivreuayperatant up
to §6‘Z fbﬁhﬁﬁh Plﬁloghgn@ﬁé ﬁ'er Bi-990,. “‘Prﬁ’e?i(lﬂrfﬁa@ﬁwﬁ& lﬁQIgré elBtd Sools

the ot her one was i nued in the chenostat node
was between 639 Units/ml and 27651 Units/ml dependlng on the load applied. The

CHO impurity level in the eluate was found in a range between 10-134 ng CHO
protein/Unit rFurin and reduction rates up to 12.3 with a slightly better performance

for CHO reduction found for the CaptoQ resin.

[0176] In summary, purification of rFurin by anion exchange chromatography
proved to be an option for concentration, which is important for storage of the rFurin
reagent at <-60°C. In addition, a slight CHO reduction by a factor from 3-12 is

important in reducing the concentration of CHO protein in the preparation of VWF.

Table 24: Approximate procedure for the purification of rFurin on anion
exchange resin. For EMD TMAE (Merck) the flow rate applied was 150/75 cm/h,
for CaptoQ (GE Healthcare) the flow rate was 600/300.

Flow rate

Step Buffer Ccv [cm/h]

comment
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productivity was investigated. The standard setting

used in

he bi

reactors, for ex erinents with the

Tabla33: Ryfiers fomideqitriiqation of fu(i8ianNANIPRSXFN NI FRSIN our

haffle p

|lates. The _1.000

L_bioreactor_ for

rEurin

Butferduct i on M@r@ulﬂtmed with three

Equilibration
buffer (FEQ)

pH= 6.7 - 7.5 at

50 mM HEPES, 1 mM CaCly,

RT At high

Elution buffer

50 mM HEPES, 1 mM CaCly, 1

loadings the pH of the

buffers were increased to
improve binding

(FEL) M NaCl, pH=6.7 - 7.5 at RT
NaCl buffer 2 M NaCl
CIP buffer 0.5 M NaOH

Table 26: Summary of relevant purification experiments of rFurin on anion
exchange resin. The total protein content was determined using a Bradford
assay. The CHO reduction rate is calculated as CHO protein loaded divided by
total CHO protein found in the eluate pool.

Load Eluate
Run |[Column |Furin Conc. yield CHO comment
ID load Factor
U U/ml |U/mg |Vol % Furin  |ng/ U |reducti
Furin/ml protein [load/Vol |activity |[Furin jon
resin eluate
011 12705 639 n.d. 32 36 134 |36 TMAE; RT, elution
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pairs of ball inpellers wthout any baffle plates.
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5‘\9‘ nl‘d O\A \IC 0
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Vs. |227 kU LID) corrﬁ red"fo t[@ptoQ; RT; gradient

5 ybliunmetric _
rBshton ippel ler at {170 rpm The vilability vvaseltﬁm dly
afflect ed t hough. Usijng a rushton-inpell er stifyred
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021#0_r pm c|18&¥7 y4thi8mi|ni shed {3e growBh rat®! (0| 54 vs.
6 01631%91) |18%%| et rijc produchi vity [0-975 %8,  2R%510Q:4°C: gradient

KeV|L/ D) and cel | specific productivity 115 )\sfutionl 38
W 106 cel]s/day). [(Q167] The data filrom ghis experi ment
shaowed t hiat ho{h, alball inpeller at 60irpma
02%usPiedn i PE @PY!1at28 r edu(@®d agi | omd-$ at eTMA&%QﬂCt elution
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02%%rr%3aep%d {8PnE B st Bn | mpelill ers c&‘“f’l?()é?pm gggﬁ% E;C‘e'“t'o”
0297 123806 14922 12671 362 30 651 |3.3 TMAE; RT, elution
300 mM NaCl
033 20625 6843 |4568 n.d. 35 n.d. 46 CaptoQ; RT; elution
300 mM NaCl; load
UF/DF conc.
035 (26244 13209 16967 n.d. 78 n.d. 1.9 TMAE; RT, elution
300 mM NaCl; load
UF/DF conc.
EXAMPLE 5:

CONCENTRATION, PURIFICATION, AND ANALYSIS OF rFURIN

[0177] This example describes other methods used in the concentration and
purification (i.e., downstream processing) of large-scale rFurin. Such processing
methods include ultrafiltration, diafiltration, and capto-MMC chromatography, that

was carried out in the production of substantially animal protein-free rFurin. It also
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Neverthel ess, the results also revealed that it is

possible to use a ball inpeller for culture of the
W@ERHDIP8R7IH cl one. Anpng the set-ups whi ch wer ePCEES290$/087732

the set-up with the rushton inpeller at 170 rpm pl us

four baffle plates displayed the roughest conditions.

Not abl 'y, however, no decrease of cell viability was

rve unde t hesecondi.ti ons, which indicates a high

e RS iSO ehtehisat Sapate hbsan
cofilaigatiohadlyl tbsReell ploadin wad D of the fermentation data

of three fernentation runs of the CHO Furin clone in
[017i8pr elanrtaﬂn@wm t 1l1h§1 sliperhataht @@braxP80¢-12061Kgeh tHeyORemostat

baffl e tesé}§ 68& Compari son of different
Ca%’?lgaﬁ R0rROQKY Ehieg FTRERMPAERY) WasSeRarajed from the
celd Qﬁcﬁ@éﬂc@ﬁﬁateﬁ% atfmgl @@né 'd)f' 353433@ b9 %It%@ﬁgﬁo 7‘99 $atdineters

the PPl t bi or eact or vol ume
3”6é@tﬂ?ﬂ%Owhﬁw"éafmr@t&*fd@'aﬂt@?aen| @m@#FS);ﬂb@nezh@es d
corrce]r@rgm sieﬁsatrgﬂ&eeﬁn ThgeRf7evi ously used ball type
inpellers. [0169] 2 day batch reefed cycles were
carried out during this canmpaign. In order to assess
this change conpared to the previous canpaigns, a 32L
TaBieX2220peFat %SP&%FnéiQré"éﬁchsatp%imsl f8F tﬁ&ésneént%ﬁ&hﬁé
bl ade inpellers ( 1 piece, d=140m), and fernentations
were carried out using cell suspepnsion fromthe PP1
facility arrhramdietm t 0 ensure conpar Setmintat efials to
be used. | Furs ofihE Alerd@t ciT Teefed process was
carri ed outhan)%grare a 2-3 %onsecutwe@vﬂ@"@ay bat ch
cycl es werg.. rted wth a startijng cell ,dens|ty of
0. 5x1 OEO6q:rl|§r%£'am The exper; nPI’ILJAagiggLLLEJ out at
2 di fferentFeagiPtexsuren rates, i.e.| 55gmsm 120 rpn).
Cul ture corgiit qnﬁ, Were 1 denticat Wb[7n {E cul ture
condi t i ons| MBI F'YREepP1 - pH gp 97152 ¥¥hpl sp
35. 50C, pCQﬁe‘aﬁea@%esBa‘ba fromthe | astohakeh were

conpar ed afrer tat]jom to therespectrveagi tati on
Co%i tions ransmem I?ane IJressure 8."}—1.6 bar )

Specific Cross Flow Rate

(Feed flow rate) 300-600 Lih/m*
Specific Permeate Flow Rate 15-40 L/h/im?
Concentration factor 20-30
Processing Time 3-4h

[0179] Diafiltration. Immediately after finishing the concentration step, diafiltration
of the retentate was initiated. The parameters and setpoints of the UFS during the
diafiltration step are listed in Table 28.

Table 28: Operating Parameters and Setpoints for the Diafiltration Step

Parameter Setpoint
Filter Area 14 m?
Feed Pressure 0.9~15bar
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Table 23: Gowth rate, cell count and vol.

productivity of the batches of run FUR 07/06-F07 with
w@eraoelssi1bl ade i npellers in the 32L bi or eact or BQT/T81008/087732

count at the end of each batch 2) theoretical split

ratio to be applied in a 2 batch reefed process split

ratio = eL(2 x m) 3) calculation of volunetric

producti vi ty—P={(1-(1/split ratio))—xprodugt titer /

2 days [ 017 Ppranheterxperi ment dem)nst$eip@dt agai n the

effect of 4§ rtrons on P rfowt h

rates of t gie té:FrgggLngARR 3 Soloﬁr‘bpnél gr gr ow h

rates | ed t|@egned Bres$ur@mal cel | dengl—td‘elsarat the end

of the batg whe ing _the sang,s r ng cell

densities. tzije ﬁps(;npra(%gﬁgafgtlw |9%§7| Emed from

276 kU L/ D QUS-1REF TP 19 L& e |final

cell densi t\({FQeﬁrﬂPW;EQtﬁH h\l/;(a’%ﬂo/n/o( Vyg’ﬁ \/quﬁllm 10E06

cells/m). Spesic PasebteSlawnRiteat ¢ thao Liwe? | ner eased

agitation rfgre d pOST T Ve Tmpact cel'tspecific

p?oduct i vi ta‘argle e%"y?" MY al so_ni (r;q“ 3"5%% g eg t hat

fer ment at i qRiafliigdon i@ ch resul ted in awey age

producti vi t_[(hgr_n_gé’irambmd 200k 14D were mainlly a

result of t|/Reocapgig Bohel’ow agit at | 00.75at €25 of |20 rpm

and not due ToO the Tnpeffer design ftselrt. re it

coul d be denonstrated, that pitched bl ade inpellers

can result in yields >400kU L/D, if the agitation

g8 Rk @lt@b@%%%ﬂ\ﬁﬁﬁ I }%}ﬁll ﬁé(i Qr @E]Eieiﬁw COIFE™ Thi s
(dederaripedwith 8w inbre aendustiétyfrsebe pletheilRSr thiagpran@ss step was
fmnBHéd fWqu(%vU Ebﬁdd}ti}(il}gﬁg tr& le@% %gs a’ d%d:dtﬂh |(/§ tb|nd|ng(%jhe

peEmat ant's wer € tere
rFlZ&ttaphelshrbmatmrephic gelgetthe meqeemt p‘unéeatmmdstep The diafiltered

rfi - ' i at .0
oA B0 AR Bl TR AR B et
6.0y} a4dding & urM asepeacidsaltionofib@pradagt waestofed atmooms
terrtug]eergtur oﬂfle)rbterfgrteea%pmn utlottﬁg fdalp{or-leIMéJ Qolgrrﬁnlo K PES UF
[0181] Capto-MMC Chromatography. The Capto-MMC gel, a multimodal cation

exchanger, was used to bind rFurin and to eliminate the vast majority of

contaminants from the diafiltrated product. After equilibration of the chromatography
gel, the diafiltered product is loaded to the column. A 0.22 um filter capsule was
installed to perform an online filtration of the diafiltered product. The further

chromatographic steps are listed and detailed in Table 29.

Table 29: Capto-MMC Chromatography Steps

Chromatography Linear flow

step Buffer / Product rate Quantity
cm/h cv!
1 Acid wash ES4 online dilute;i to 0,2M acetic 300 1
acid
2 Equilibration EP2 150 37
3 Absorption 35 — 45 L diafiltered product 150
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cassettes from Sartorius (Sartocon PESU 1CkDa) wth

concentration factors rangi ngfrom 10-50. The furin
w@omeestimates (Wth furin activity ranging froP€T/US2008/087732

290-1700 Units/m) were then stored in aliquots at

<-60C. [0174] In an effort to get a nore honbgeneous

rFurin preparation for use in the VAW maturation

[aYd nr\nee exberi-ents were conducted to n [V
‘“-'U g
pu fﬁgrﬁpﬁﬁrl n fronBuber Febliuctul ture st'é‘@?rwféq’“én F Quahtity

n||r|'F|::rl rI:||r|n -eagent S a9 |ar uea 'Fr\r
U\Jl Y T J AP UJId o

-\arfl Ql
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char act erl zatl on and rel ease testing. I al Sm/h esu t§V1’

41N aEélﬁﬁH‘& 2 pre¢sence of nhost cell protejzns I n|thg,

ANE L ON—-Brocess- [O____v] A purlflraflnn
SproceWNasbingn an|ani on exché@®ffe resi n was develOoped| 10

6] Nabrhiigtlen )1 08l Y CQAEEhiate 1Y OF | <5 MM (K1) 4

ent__hiindi ng-o Hlon was. t

per f oEmich ks a $t ep pEbLZEWWCesladte AN | onif ¢ st15@ngt h| of 10

approxi rratﬁ 500 - 300 Cr—and during the 10
fcre ase] a gradien lution up to 301 v (@]

Nas me;y@herewbr( see overV| ew 8RADTabl e 24) The ®oi gi nal 10
reascu

5
I R T OB oF PP B ET G M oQuP OO colamn ' ©

particular at high protein | oading and high liner flow

O1.§%Lesln(t owtiredhy r%fcegsffﬂwﬁ\ﬁ%%s&léfvcég bE@rvgé‘blLr?eE@nstream

uri |cat|on EROSFTTTENE S Wer e
stewM(BEEiltl(aMBndulf %)ob@ﬁbb@@ar@%ouéaﬂ thi csame)coadutlons esechfon e

nalyBSts et G RrbstR bR (M B B ol S 11
(Catapaigs (Dﬁﬁj()&)@d) 66 %aﬁbmpa@nsﬂ?ﬁ[ﬂUOHﬂﬂmﬁd 18drte ¢@ambpaign
ORGP LB R SPRPUAT TR NG R SRR VR P facrnat the
staﬁttﬁgi vaolldrhe foritine UFested) &Edoﬁlemtﬁlt fowaohplverio ddfinuous culture.
But i Foe H8 eI ey AL fitig Phodiat d SEEGata on tota

actfvtyndodt el TRAJEod @R Btel)sé84 abl 3@710 protein/ Unit
rFurin and reduction rates up to 12.3 with a slightly

[01i88] t elrhepméémmaé@ 6f AIDthrde-KAn sLigies 1o thef eI T dliPFrotdireand Host
Cel?%R}A (%ntent reveal rather low mean maximum values of 8.55 pg/ml (ranging

1)

from 2.2-10.4 pg/ml) and 13.48 ng/ml (ranging from 0.0-23.9 ng/ml), respectively
(see Table 30). The chromatographic step was able to reduce the specific
contamination to low mean maximum values of 0.35 ng CHO Protein/U rFurin
Activity (ranging from 0.13-0.52 ng CHO Protein/U) and 0.148 pg Host Cell DNA/U
rFurin Activity (ranging from 0.0-.365 pg DNA/U rFurin Activity).

Table 30: Capto-MMC Chromatography impurity results — Campaign
comparison

campaign CHCO-Protein CHQ-Prot(_eip / {Host Cell DNA Host.CeII QN_A/
ontent | rFurin Activity Content rFurin Activity
Hg/mL ng/U ng/mL. pg/U

ORFU06002 8.55 0.22 1.66 0.059

ORFUO07001 3.50 0.35 2.54 0.031
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[0176] In summary, purification of rFurin by anion
exchange chronmat ography proved to be an option for
w@oreest7int i on, which is inportant for storagePCf/Us1968/087732
rFurin reagent at <-60C. In addition, a slight CHO
reduction by a factor from3-12 is inportant in
reduci ng the concentration of CHO protein in the
pr tion-—of \AAE. 'M__Ap_p;_gmtn nrocedure
f OORFVEO7QRR i fi @ai6i on|of PG i n pn akdi4dn excharfg‘e‘*S
resin. For EVMD TMAE (Merck) the flow rate applied was
150/ 75 cmh, for CaptoQ (GE Healthcare) the flowrate
was 600/ 300. Tabl e 25: Buffers for the purification of
[O1f8!4{ | TEQIh GREraBeRXSHORN IR dRRItY aT@bhﬁctn%ﬁaht?%ﬂWrM Ws

evant purification experinments of rFurin on anion
as956 ac Ay éollowdnanbioghrmicalt/ Mlophysicali metbods erablerdy).
determi ned using a Bradford assay. The CHO reduction
rate is calculated as CHO protein | oaded divi ded by
total CHO protein found _in the eluate pool.EXAVPLE 5:
Tablenderrivticalmethpgsfarafuan,  AND ANALYSIS OF rFURI N

[ 0X77T N xanpl € describgs other netnpds UgE
sitiad, Kin - mingnt

t he_can ration _and nurlfl tian (l e down

pracessi ng) of Idrge scal e rFurin. Such pr ocessi ng

met/fdssiencl Ude UI trafitrration, diafi I TF g @ecudikbight
captsobsMAE cehmgarat GBYIBAY ™ hat was carri edbatate i n t he

pr cdcums@ﬁbspf suk)%k@n\glaalvkwmatn;atmlefr:agégt e Nw‘prsgsatrate _

rFL al endacer at-al-n
1 | || | l Al SUUCTOUIT | UCD ||CL ||UUD UI allal yLI || 5' orcecTr

conceRti &t on, splein©maesticyity, and con‘(Va%Wrﬁ pliagsrYby

hostcel | proteinpand A 35‘% 178] U tr af | Coomassieosmininphe
800-1

supernatant (appro kg in the ICHessisplatassay
canpegms, and appromin comb&itié®0 kg i n t he| Protein fingerprint

RFB-canpai gns) s separated fromthe cefts and
concentrated to a final volume of 35-45 L by

r t A at i
0180} £ TG Resay RAGIBHEE SuAManes (GRal- NG elddfe
po@lahwernettestet dor enzymatie actvity péHulim T%s@bs,’mate papshersynthetic

@%chnh'tta{ﬁg?g gﬁﬂg‘ﬁéﬁ& PedBHitioR SBRiEHCR dtBEREd® a fluorescent amino-
methyl coumarin (AMC) group, that is released after cleavage (BOC-RVRR-AMC).
The released fluorogenic group can be detected by excitation at 380nm and
subsequent measurement of the emitted light at 435nm. One activity unit is defined

as the release of 1 pMol of AMC per minute at 30°C.

[0186] Depending on the fermentation and purification efficacy the measured
values of rFurin activity were in the range of about 10000 U/ml up to more than about
100000 U/ml, with a mean value of approx. 69000 U/mi (Table 32, Table 32, and
Table 34). An increase of rFurin activity for the RFB mode campaigns was noticed,
especially when comparing the mean values of the Chemostat campaign
ORFU06002 (47737 U/ml) with the mean values of RFB campaigns ORFU07001
(77653 U/ml) and ORFUQ7002 (93178 U/ml). (Overall, rFurin activity ranged from
about 10000 to greater than 100000 U/mi; all data not shown).

[0187] The specific activity of Furin is expressed as the activity U/ug protein (see
Tables 32-34). The mean specific activity for campaign ORFU06002 was 269U/ug
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[01 79] Diafiltration. Imediately after finishing the
concentration step, diafiltration of the retentate was
WO piovjosi7esl. The paraneters and setpoi nts of theCTUBER008/087732
during the diafiltration step are listed in Table 28.
Tabl e 28: Operating Paraneters and Setpoints for the
Diafiltration Step[0180] When the conductivity of the

tentate has f 2 gl d wi
rdtein: Prcespo s F0ETer SRELeR a0 e heSkeror ORfyb7b0,
res‘bé@ms @vRpainasedifidhciitRdranbBl $rohP 1466 UJ%% M*oféi'n i fata not

uired to ensure a quantltatlve bi ndi n
Sh<P 3» i hug osReasHicastivheddpragdhir thegwo RFB PW@PQ'GB%@}E%HE‘ of the
highef érﬁiyﬁ?étl'c%tlﬁ Cfd? thd h?BQF@ﬁh L& SpsdRb W&%tcﬂ@ssproduced in
transferred the pHvalue of the diafiltered
Chemesiat masgs adJ usted to 6.0 by adding a 1 M acetic
acid solution. The product was stored at room
tenperature (RT) before applying to the Capto-VMMC

colum. [0181] Capto- MMC Chr omat ogEaphy The Capt o- MMC
Gable 32: éémnamwé? FQ6092 Cantn led to bind
rFUriin amelid CrobsialioBat € FldR@cti@S t PidRi Bénishty | OfSPecific Furin
P R S S FIP SN B S P TR T A,A?ti"".y
cont gmnrant-s—From-tne Har it tratea f et
- g e o ) U/ o hglmy THE G
EQUI | I'OratT o1 O 1Tme Cnrorrat ogriapiy ger, 1ne
di af i|TT ese0cHrbsoidMmdor | S || Oaged ([0 T hessCol umm. Agfk 22 Tm
filter cegpscHrasooamscor NStlal h@dkr t 9 per fimr m an onliae
filtratierfueHRosodaemadd af i|l t essed produd®. The f urdsteer
chr onuat oPRFYEIRPEe02MNGEh s ar o 3MP2st ed _and*®det ai |l ed %42 Tabl e
29. Tabl¥RF °6‘°°'W‘i9g.'\v o ChErmt ograplly—Steps ALY =
l' . ORFUCHR06002MMC o ST TR D)
COl um VEHFE R 0600 Q*é‘wc In..h g !,)Cbr\CU1J§CDI AN LM§4
chro [OQ{F@&JRVGo&deﬂ [[018gl, T thedownstTeans,
processing, no | SSUES were observed. The downsiream
steps (Filtwaivapn, UF, DFprreoulid be1®marri ed outesat the

sane conditions used for the harvests fromthe
Chenostat culture. Mean total rFurin activities yields
of 9 1 % (Canpai gn ORFU06002), 66 % (Canpai gn
fBﬁU%%O%rﬁpa@@ o@#d@ﬁ@awtw@%ﬂz&%olcoul d be

achi ev Furln Lol ereagag l:e\é ng hnc Furlp aa{\)ig 'Pro,Eig bongrrll y Spedt
t hat [t tarting volume t'he epis prettingg
| ecomarod. t ocont. iing .,Lq/l'm] el lr[Hg/ml [U/Ug]
ower—eoefpatr-ea—to—€CottHRtousS—eyi-tti¢-
ORFUCHR07001MMCO01 77080 151 510.5
ORFUCHRO07001MMCO02 68450 112 611.2
ORFUCHRO07001MMC03 87420 231 378.4
Mean Value 77653 165 500

Table 34: Campaign ORFU07002 Capto-MMC Eluate Pool

Furin-Lot Repeated Fed-Batch Furin Activity Protein Content Spexicf:lcwrgurln

[U/mi] [ug/my [U/ug]
ORFUCHRO07002MMCO01 91200 162 563.0
ORFUCHRO07002MMC02 96400 160 602.5
ORFUCHRO07002MMC03 95020 173 549.2
ORFUCHRO07002MMC04 85690 190 451.0
ORFUCHR07002MMC05 102670 174 590.1
ORFUCHRO07002MMC06 88090 142 620.4

Mean Value 93178 167 563
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But this change has no effect on the quality of the

purified product. (See data on total activity, Host
w@z2000/08M3 Host Cell Protein; see Table 30). [BABB$H20081687732

mean val ues of all three canpaigns for the Host Cell

Protein and Host Cell DNA content reveal rather |ow

mean maxi num val ues of 8.55 rrg/m (rangi ng from

-10.4 / 13.48 f
Ofﬁé}fm l?unr}-gg%-gg% : ,ggﬁ@;y ( gg% Fggrbﬂg |gnreg to quant%y the
efffREp ORiFREH 3P Piotesd Bid- VWA t@bh@tut@rvvepiun% ﬁwaﬁlré"tnﬁcéffééby is
contami nation to | ow nean nmaxi mum val ues of O.

expaeS et 8t HISAUPYEGF FHIMUBits feayired mﬁm@afwa@ﬁmofm ntigen
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(ranging from 0. O-

Acti vit
Puﬂk@ﬂl %t: ﬁ?@)} scafe greording (st wrmnmpmr@grmmgdurmuﬁqmmng
thd € ESH ndturat iR B8 ﬂﬁgrmﬁfﬁbém{ Q48 b bldie § The rypF

Characteri zati on. ual and t| on
substiate nomtragcyewgedow A@ﬂmléﬁwlg_?m 6@!:!6&2&1 /
bi ophysi cal nethods (Table 3 1) . Table 31: Anal ytical
[0188] ho%@rfdﬂutiqrrsmfiﬂme pampls|waratesiedinta ¢imlEppendyrf TTheto cover

h ..
s oS RARRE A5, DL ONE ot BBl ) o
buffer wass haf} mMVIEFIE@; it o'nlpzle@nﬁilde)f-l‘]o@laad thengatunationi dxperiment was

e s
enafrhatic rebetiondg stopPeCbR\A_RHiIAVOf SD'Sh@m;ﬂé e)aﬁ‘etdand heating the
sargglos o RS Skt e R starinin #redhen ARSI ROSDBIRAGE on

8%ageld ASinsiNarestaiting of the supiatates pdgpépirids abhd Sedifel FEdtﬁﬁe
ndi ng

of 1 pibl, of AMC per mnyte at pe
acity ARG g8 B AL SHGRe P s AS VRl e by Faual
inspBétin Fdhey gble eHeProVWIF bahdahou refresBhBlesNtHaR &% 8B@Bared to

of about 10000 U m up to nore than about 100000 U/ m,
theinayre, Vidahan |'%@eafre airdand ewsrs anwlity sliute gbthe rFurin

tesfapl e 32, and

Table 35: Campaign ORFU06002 Capto-MMC Eluate Pool

Furin-Lot Chemostat Mode Furin Activity Use-test Activity Maturation Degree

[U/mi] [U/U] [%]

ORFUCHR06002MMC01 28231 0.7 >95
ORFUCHR06002MMC02 16307 0.4 >95
ORFUCHR06002MMC03 44854 1.1 >95
ORFUCHR06002MMC04 39102 1.3 >35
ORFUCHR06002MMC05 71871 1.0 >95
ORFUCHRO06002MMC06 44292 1.0 >95
ORFUCHR06002MMC07 68728 1.0 >g95
ORFUCHR06002MMC08 68510 1.0 >95
Mean Value 47737 0.58 >95

Table 36: Campaign ORFU07001 Capto-MMC Eluate Pool

Furin-Lot Repeated Fed-Batch Furin Activity | Use-test Activity Maturation Degree
{U/mi} [U/U] [%]
ORFUCHRO07001MMCO1 77090 0.5 >95
ORFUCHRO07001MMC02 68450 0.5 >95
ORFUCHR07001MMC03 87420 0.5 >35
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Table 34). An increase of rFurin activity for the RFB
node canpai gns was noticed, especially when conparing
W@ b@ssIm val ues of the Chenostat canpai gn ORFRAOBOSD08/087732
(47737 Um) with the nmean val ues of RFB canpai gns
ORFU07001 (77653 U m ) and ORFUO7002 (93178 U n).
(Overall, rFurin activity ranged from about 10000 to
great er than 100000 Wni; all data not shown). [0187]

avnr nccpad _ac

The SﬁeCi f Ihﬁ'eanc\}éllue vt Y af lﬁdé‘zl A-S Cle €SSet—asS >;5he
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and 563U ny for ORFUD7 02, respectively. (Overalt,

speci f i coragiHrazdeymacanged brem 124- 620 U ny prote@l n;

dat a| nOtOREYEHARTIOZMMENZ S, |spedof i ¢ actpgity doubl ed for
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ORFUDB002 Ca 1 0- W EfJatre Poof—Tabl €33 Carrar

ORFUD7001 GradvamdVMC El Uat e1H00l Tabbe 34: | Canpagsgn
ORFUO7002 Capt o- MMC El uat e Pool [ 0188] Furi n- Use- Test
Activity. The Furin-Use-Test is designed to quantify
[0tdog er)d')d:aﬁd/c@ﬁsuétErWM@tfuta@ioﬂra@ﬂﬁ@ﬁopbr@VWFWa@ fmth oeall
r turation efficacy is expressed as e _
testab T Th JRIhS: e, iHEea VPSR Of s BmPaars ara i § Or Bprin/U
VVW\ﬁgl‘Hh'dltlg atiiatiod Yedrekicicéedd 969K )n alllEes Uaabledl3B-38. @

preparation that has been purified at Pilot

Meéwar'%n é%tlﬂ’dﬂeém@”f%“rt%%at@ﬁ%%ﬁﬁomﬁ[ﬁ%?m iralerHiiedher e

ca@umatém&am 0AUEHSF i campaRing r@mt@@eomd ORF0700%land
i cation step on Superose 6. The r VW substrate

FQF&Q?&Q& @m%hnwﬁen@@ewcmpmfoqmtwgqn doRgzogyced in
Chk%%%]tn{:dalérar@lﬂgp:@_!nm of the sanple were tested inal

Eppendorf Tube to cover specific Furin

c o-
oA EAPESTE i e SN g i

Wesigrp bigiiapalysigrvpst prsfarmed feitallghud patches et engaige consistent
quality and visualize the degree of impurity. As seen in Figure 12, the band patterns

of the Capto-MMC eluates of campaign ORFU06002 and ORFU07002 correlate to a

high degree; all samples show a prominent Furin band at approx. 60kDa. A trend to

-0

slightly lower molecular weight of the Furin bands is visible in samples of campaign
ORFU06002 from batches MMCO01 to MMCO08 (Figure 12, lanes 1-8). Samples of
those batches were deglycosylated with the effect that this trend was not visible
anymore in subsequent SDS-PAGE with silvers staining (data not shown),
supporting the assumption that during campaign ORFU06002, rFurin was
glycosylated slightly different or to a lesser degree in course of ongoing fermentation.
This trend was not noticed in RFB campaign ORFU07002, suggesting constant
glycosylation of the rFurin during the whole campaign. The impurities in batches
from ORFU06002 and ORFUO07002 are almost completely the same; however,
samples from the RFB-mode campaign ORFU07002 show less intense bands in the
40kDa region, polypeptides that were particularly strong enriched in samples of
campaign ORFU06002.
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performed for 16 hours at 37C under slight agitation.

After the incubation the enzymatic reaction is stopped
wWhooadsh7td on of SDS-sanpl e buffer and heati ng BEEUS2008/087732

sanples for 5 mnutes at > 900C. The sanples are then

anal ysed by SDS- PAGE on 8% gel s using silver staining

of the separated pol ypeptides. The specific Furin

088l AOSTAGEMay BC yRs PR HREi R o i SeRs wasne
peﬂbr@héfﬁisﬁx?ggd V\xﬁgﬁugﬁarm#wntimaﬁ (mbma% cnsag?&ggidgh@and
atg &gﬁm ¢ W?B‘feéi %")fth?rsﬁ:é‘”F‘E’GP 8 E%é‘ad '"I'%‘g?%”@'g.s-
Cofrppatilep o iReldd iSaRHOh %S%J;M%ﬁaﬁﬁ@' in bakd ttéity are due

ggﬂl gn ORFU0O7001 Capt o- uat e Pool Tabl e [01
to theseffesank dﬁ%ﬁ‘sﬁ%‘ﬁ@ﬁfetw&t'@ﬁﬁ$wlﬁ%tp\\l?@ $Bp- Mawg

uné&ﬁﬂé’s thelcomlpardtiiy 6%%?%1@@&@8%@%@@@ HR@RFE%H@é

he canpaigns are below 1.0 U Furin/U W/F: Ag and
[01@3}3 MRS 8§ nQ@rSHcﬁ"l%I SDSQ@A’@Egéc{%lbetn@lFlocGélﬁﬁﬁEF) was

Tabl es . Maturation activities of Furin
'%@rr@w %ﬁrépleé ﬁbgaram'@nsaﬂ&lFuO@p@Z anﬁ @RFdJQWQZ IEF was
Wﬁgeﬁﬁ&%%ggg &rrggsf no ffer enc S%gg%s B/gre

visfiglined Wikt Geemassieistaiming axuiM/@@tartrn bloh enais;slat |Erfoded sutibequent

W%@ gﬁ;@%ﬁ%g% FEMHGE toi?%rlnﬁ o r@ﬂ%%(%do\éﬁrg}%%!i Qpe% band
paiasn'as ymFSeraseanlgbm d Upto wvbn isEpanate tartdshie thet region of pH
o< P R B Vb O P
I f

o, 8 S%%Oi?é%?s%a n GRERBHE, 4ot SnB9Buf e copgssi
stadnimy amd Wasterfrbidt anblgsid f@tvnsamzanon Glddbaassié dtaiaimg reveals the
qusﬁlifl htnléiyqalﬁt%\é\rﬁwgﬁgﬁ g%x%p%gﬁﬁgwgwtat munltn*rsluem Ile% Istra]par<:‘311{<]adband1~: in
the range of pH 4.5 to pH 5.5, and up to eight bands can be identified (see Figure
15, Lane 3).

[0195] Western blot analysis (see Figure 16) corroborates these resuilts, with
some samples showing not all the bands visible in the Coomassie gel (see Figure
17), probably due to incomplete transfer of the proteins from the gel to the blotting

membrane.

[0196] Furin Reverse Phase HPLC. Samples from campaigns
ORFU06002andORFUQ07003 (Capto-MMC eluates) were tested with C4 RP-HPLC in
order to establish a fingerprint pattern for rFurin. The peak patterns of the samples

of the two campaigns were compared (see Figure 17 and Figure 18).

[0197] Chromatograms of all tested samples show a characteristic main peak at a
retention time of approx. 13min., which can be assigned to Furin. The peak heights
correlate well with the Furin concentration in the samples. Other protein impurities
can be seen as minor peaks in the range of 8min to 17min. All samples from
campaign ORFUQ7002 show significantly less and smaller peaks from impurities

than those from ORFUO06002. This fact is well in accordance with the results of
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ORFU06002 from batches MM01 to MMX08 (Figure 12,
| anes 1-8). Sanples of those batches were

weleyvyssisy |l ated with the effect that this trenelCTES2008087732
vi si bl e anynore in subsequent SDS-PAGE with silvers
staining (data not shown), supporting the assunption
t hat during canpai gn ORFU0O6002, rFurin vvas

S AR LR gL S enl oo, 2.1 esser, degr o

deBr@bS@@meOntRﬁEnP@lnﬂb%hﬁé‘reW7002, suggesting constant
gl ycosyl ation of the rFurin during the whol e canpai gn.

[0108% | Amalytidal @5taiobtdieéLhed the apoIisER0d chardcleRFAKHA002

are al nost conpletely the sf:;me however, sanples from

MeHRRASRIBYFHEY JORASAMBRMOMNUBTHE S WibRrodueed indodhShemostat

mdRNHHR RIB Ihtie? N6 [PRajbLAITEfRRNCBLINPERA hESaRy ema b\é’%feﬁacted from
part|cularly strong enriched in sanples of

thegateeaiable. frogeye r'm@tgh%@fme@vaFBmqee?hvwddvgher
sp8&d é(c?tiv?t 598 13k limp ARIsS D MiARe PR 6@815@@n‘1’§bﬂ8m%stat mode. The

nonocl ona anti-Furin antibody (Figure 13
chiomaipgrenbicistarraceountsBriDhe yary lbw Haké ﬁleilﬂr@tém@wdt ihest Cell DNA

corﬁ%ﬁit etlt?@BQIk g'@bg%%egﬁélgﬁﬁlé I?gﬁ@ &ﬁnplé@'ﬂ?%ﬂbh (yc SS

l'es®is ver vari i'ons 1n
com31$tmg}31ftayR!éBéermﬁmtat@ntdn\d toé ivhelesgiwrFstréam porcessing (a‘f»ltnanon

iRt
ORI S o BhReky) STpRs el & S LnlSf e dfhe
corigrcivldeod |ib8 Df rH'Lmrs egpor Smg@erBmmtorwSBPAﬁems.
| soel ectric Focusing (I EF) was perfornmed on sanpl es of
campai gns ORFU06002 and ORFUO7002. | EF was perforned
between pH 7.0 and pH 3.0, using vertical |EF. The

pol ypepti des were vi suaEXAMPLE 6h Coonmassi e staining
and Western blot analysis. |EF and subsequent Western
bl otting oB£ 1Y, STERMITY: AND SEABHIEY TEITINGO02

provi ded specific band patterns for Furin (see Figure

0119@) Upis exprapiedleseriinsithe salshngterility. andstabijivdastig thet is
peﬁo (ff(ﬂomélteﬁr’rﬁwé:é’t‘ih fﬁ%ldtzgﬁ Rd éué?ﬂr oftthE 1S cLIFBS k. TTe&8ing on

resent 1n a
stenllty/mycoplasma has to be performed in accordance to requests of the ICH-

Guideline Q5D. The quality of the cell bank has to be checked by determination of
average viability and cell density of the thawed cells and subsequent growth rate of

the cultures.

[0200] Cells were tested for viral safety (Table 38), genetic stability (Table 39),
and identity (Table 40). Cells were found to be sterile, free of mycoplasma, free from
extraneous agents, free from retroviruses, negative for MVM virus, negative for
adventitious viruses, negative for rodent viruses, free from porcine and bovine

viruses, and free from Cache Vallley virus (CVV).

[0201] Cell banks were examined with regard to the Furin producer/non-producer
ratio by FACS analysis. They are also tested for their long term stability (ability to
produce Furin over a period of time). Further, the secreted Furin produced under
serum-free conditions has to be investigated with respect to generated isoforms. All
data should indicate that stable growth and Furin production can be achieved using

these cell banks.
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[0194] | EF of sanples of canpaign ORFU07002 was

carried out using Coonassie staining and Western bl ot
wW@e@bPss7s3 f or vi sual i zati on. Coomassi e st ai ni NRCT/EYW8/687732

the specific band pattern with all sanples show ng at

m ni mum five separate bands in the range of pH 4.5 to

pH 5.5, and up to eight bands can be identified (see

igur 5 Lane . 95 stern ot anal see _
(0425 Eelbyort 375 UE T Sl S s Buonft s L Ein Soression
oveethplepsrespronddidnpéceds! the bands visible in the

Coonassi e gel (see Figure 17), probably due to

i nconpl ete transfer of the proteins fromthe gel to

the blotting nmenbrane. [0196] Furin Reverse Phase

TablL33. Vraisafety P@gramnpai gns ORFU06002andORFU07003
(Capto M\/C eI uates) were tested with G4 RP-HPLC in

, "{g@@ger{gfﬁ;? [Repeeyn for rFurin.
Adven(tl’tlcPu K At e the sanpresyof the two canpai gns
o r{‘fu rsé%l %ee F gute 17 sand| Figure 18). [0197]
(C'?'ﬂr/?«ﬂ-né/ elIsyl | | t est ed sanpl es shpw a

AdmvmtveusesnnwVM| n peak at a retention tine of
(in 3{RGRYKmicd AUl micewhi ch can pe assjgned to Furin. The

qufERtighahgbBrBoREF! af € el | With the Furin
sgdgneentration in t he| sanpl ps. CQther priotein inpurities
n ho . cppn e m nnor noq|/c~ 1

can—be—seen—as—mherpeaks-n—therange of 8nmin to

Rodentvifised| | sanpl es from campai_gn| ORFU07002 show
| e

n
MAE tgstiviith¢ &M ghallenge and snmaj | er peaks frominpurities

Rotidranirdsegse from ORFU06002. | This fact is well in
Hapccordance with the restlts of SOS-PAGE as in the RFB

etanpari g ORFUO7002asmatter—nunber and decr eased
Ro‘g?lﬁv'"fse%f i npurities| were found.| [0498] Analyti cal
MMYAGvitEhesseWed from the above di scussed

Retdvirusast eri zati on nethods prove very good conparability
EMQTranb@issibnlelestrgpr oduced i n pot h Chenostjat node and RFB

midi8d6pic MoarfiRsR) di fferentes| in~rRuri’h quality could be
detected from

Retroviruses
Retroviral Infectitvity Assay with X - X
Pert Endpoint

Retroviruses

Ex S+L- (in vitro detection of
xenotropic retroviruses by Mink
S+L-Focus)

Retroviruses/ Co cultivation
Detection of infectious
retroviruses by co-cultivation with
HEK 293 cells (5 passages)

Bovine virus:

Detection of viral contaminants in
Bovine serum according CMPC
& US 9CFR requirements

Porcine virus:

In vitro assay, detection of
porcine viral contaminants using
PPK indicator cells according to
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the data avail able, however rFurin batches produced in
RFB node showed hi gher specific activity and | ess
WO pgpansd7ies conpared to production in Chenpst apCTHOS08/087732
The chromat ographi c step accounts for the very | ow
Host Cell Protein and Host Cell DNA content in the
Bul k Drug Subst ance (BDS) At Ieast a conplete
ottt honProCeSS e EstHrng--of-va~-REB: f er nent at i on
b : i D G ~§_| ltrati on,
9QB'FRDF Capto MVC chromat ogl be easier to be
PORBbvriepdlyemhaliaus t he conger ¢i on of rFurin,

Re%tﬂneP@R%f@QAh%\}éﬁ%B' oreactor (SUB) systens. EXAMPLE 6
V|r1,1§\ TY STERI LI ANO STABHLITY XESTI NG [ 01 99]

a the fnf [ —sterili Y, and
Vs“%”é ?grﬁé\stnﬁ%tb%pé"qbrmﬁ%ontthﬁatBflmrsn Whr'JCTe”rﬁ? or st " earteger m ne and
mai ntain the quality of the CHO cell bank. Testing on
TabRY 39.i G¥HEHE SRAMHYEPdgParh0 Pe performed in accordance
to requests of the | |deI|ne @@D. The quality of
TR hagkegy %erm nation of

T 1 he thawed cells

Proe™ Yibsequent gr owt h rate|of ythe cyltures. [0200]

Furnpqtivity@ssay t est ed for viral safety (Taple 38), genetic

Segoembingi ty (Table 39), ard identity xTapble 40). Cells
quivtittivd PORGgdre Bpy sterile, free of nycoplasma, free
nurané’rW extraneous agents, Xfree fromretrpviruses,

tgg ve—for—WhMvirus;—negativerfor—agventi ti ous
negative for rddent ViruseS free from

LE = A= A Ta

NOBB‘?@Bh?é and bovine viruses, and free ffom Cache

Val | | ey virus (CW. [0201] Cell banks were exam ned
W th regard to the Furin producer/non-producer ratio

Tgplepwg;g

antityRriogramhey are also tested for their |ong
4 n over a period
‘*produced under

Isoenzyme analysis X X X )

[0203] The present invention has been described in terms of particular
embodiments found or proposed to comprise preferred modes for the practice of
then invention. It will be appreciated by those of ordinary skill in the art that, in light
of the present disclosure, numerous modifications and changes can be made in the
particular embodiments exemplified without departing from the intended scope of the
invention. Therefore, it is intended that the appended claims cover all such

equivalent variations which come within the scope of the invention as claimed.
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serumfree conditions has to be investigated with
respect to generated isoforns. Al data should
WO poo8i7¢3 t hat stable growt h and Furin product PORUSZNS/087732
be achi eved using these cell banks.[0202] Cells from
the MCB/ WCB shoul d show stable growth and Furin
expression over the entire production process. Table
38. Viral Safety Programmhi ch the MEPC have been
r T .39. Cenetic Stability Program Tabl e 40.
Wlﬁéiﬁ?iﬁy%@ggam [0203] The present invention has been
described in terns of particular enbodi nents found or
proposed to conprise preferred nodes for the practice
of then A nsrmpbsition corhpnidinhg sidestapipheaniataé drdbginifleesecafibinant
¢ ordinary skill in the art that, in Iight of the
urm, esent disclosure, nunerous nodifications and changes
can be nade in the particul ar enbodi nents exenplified
wi t hout departing fromthe intended scope of the
i nventi Theref ore nt ended t t .appended .
cl as. COifesoTEAd 8 clai Ve MAZe PP bRL! R Bhat ghiviy
of af Iéhlsi;trabbh'm G000pe frfn/mband IBHD hostncell préteil atedcoNbétratdn less
IS: 1. A conposition conprising substantially
thaé‘rﬁt??é’“bﬂgtpé‘i)tﬁ'”(mée reconbi nant furin. 2. The
conposition of claim1 conprising reconbinant furin at
an activity of at |east about 10000 U furin/nL and CHO
host cell protein at a concentration |ess than about

11 ¥y prUTee?WF?ﬂ?‘t@“ of jgkairg 6n¢fﬂ5’§?'tsir19rf96?m€'|”§l‘%“1” at an activity

of §08Mtiabol01d0OAURIrMARL ahd rOHD ﬁbstadéc'l_%%tbw dt¥a é?fncéﬁtratuon less
| east about 10000 U furin/nmL and host cell protein

thagy about dQunrretain/briurip getiitian about 1.0 ng pr ote| n/ U
furin activity. 4. The conposition of claim1l
conprising reconbinant furin at an activity

4. The composition of claim 1 comprising recombinant furin at an activity
of at least about 10000 U furin/mL and CHO host cell DNA at a concentration less
than about 14 ng DNA/mL.

5. The composition of claim 1 comprising recombinant furin at an activity
of at least about 10000 U furin/mL and CHO host cell DNA at a concentration less
than about 0.5 pg DNA/U furin activity.

6. The composition of claim 1 comprising recombinant furin at an activity
of at least about 100 U/ug and CHO host cell protein at a concentration less than

about 11 pg protein/mL.

7. The composition of claim 1 comprising recombinant furin at an activity
of at least about 100 U/ug and CHO host cell protein at a concentration less than

about 1.0 ng protein/U furin activity.
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of at |east about 10000 U furin/nmL and CHO host cell
DNA at a concentration | ess than about 14 ng DNA/ ni.

WG 200940887¢onposi tion of claim 1l conprising recoPdi/nsavns 087732
furin at an activity of at |east about 10000 U
furin/m. and CHO host cell DNA at a concentration |ess
than about 0.5 pg DNA/U furin activity. 6. The

conposi t4.0n_of cl.aim.l, conprising reconbinant furin at .
an Boti vl T pp et iy e B MR Ll bt 2Chty
of atlebstpibotie1 00 @lugartoDEOHdsatelPDNes S dohdsntedtidmtiesslthBB about

protein/nL. 7. The conposition of claim1 conprising
14@%{]%nt furin at an activity of at |east about 100

U ng and CHO host cell protein at a concentration |ess
than about 1.0 ng protein/U furin activity.8. The
conpositjon of claim.1 conprising reconbinant furin at

an dct i VigCBRPastiondd SaiHoamr i a JeRgMARANIaHON mb 3k activity
of %ﬁ%bﬂ@ﬂguﬁirooaug@%r@ﬂetﬂd%ﬂc&g?ﬁAtéi AtARSMFatibf 18 than about

. The conmposition of arm 1l conprising
0.5 re DMV W &yrin adlivitn at an activity of at |east about 100
U ng and CHO host cell DNA at a concentration |ess
than about 0.5 pg DNA/U furin activity. 10. A nethod

of making substantially aninmal protein-free

rectivbi rfamtetiagefinadnpsubstangiatihanistab prasgingreswieagmbinant furin
oD ng it QLGRS ne AR RRLES ahrodted it 2
polyndieieotideraticoding $urirhiatsepem+iice rsediumtundier odnditromsfthati permit

LAt | nmet hod of claim 10 conpri sing
seéfrﬁfé&s{)ﬂgegﬁmdﬂg}p’(p%%ecﬂ—ﬂﬁ. host cell to grow in medium
with increasingly |ower concentrations of serumuntil

all serumis renoved fromthe nedi um
11. The method of claim 10 comprising the step of adapting the host cell to

grow in medium with increasingly lower concentrations of serum until all serum is

removed from the medium.

12.  The method of claim 10 comprising transferring the host cell from

growth in medium comprising serum to growth in serum-free medium.
13.  The method of claim 11 or 12 wherein the host cell is a CHO cell.

14. A method of using the composition of claim 1 comprising the step of
contacting a pro-protein with the compaosition under conditions to cleave a pro-

peptide from the pro-protein to form a mature protein.

15.  The method of claim 14 wherein the mature protein is von Willebrand

Factor.
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12. The nmethod of claim 10 conprising transferring the

host cell fromgrowh in nmedium conprising serumto
w@e@s87ih serum free nmedium 13. The net hod oPCTIUSI008/087732

11 or 12 wherein the host cell is a CHOcell. 14. A

met hod of using the conposition of claim21 conprising

the step of contacting a pro-protein with the

conmposgition_under ndi.tions, to. cleave a pro.peptide
from tRe pra® Bt & ey B indrbimabE AR oPRRIT R T clotyan.
met hod of claim 14 wherein the mature protein is von
W | ebrand Factor.6. The nethod of claim 14 wherein

the mature protein is Factor VIII.
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