METHOD FOR INACTIVATING PROTEASES BY PH CHANGE IN A LIQUID OBTAINED FROM A
CELL CULTURE BACKGROUND TO THE INVENTION TECHNICAL FIELD The invention is in the
field of the manufacture of biopharmaceutical products. It relates in particular to improving the process
for preparing biopharmaceutical products by the inactivation of proteolytically active enzymes in the
cell-free cell culture supernatant. 10 BACKGROUND Biomolecules such as proteins, polynucleotides,
polysaccharides and the like are increasingly gaining commercial importance as medicines, as
diagnostic agents, as additives to foods, detergents and the like, as research reagents and for many
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the case of proteins - ng molecules from natural sources, but requires the use of
biotechnological production methods. The biotechRbtogital péparation of proteins typically begins with
the cloning of a DNA 20fragment into a suitable expression vector. After transfection of the expression
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cells the latter are cultivated in fermenters and the desired protein is expressed. Then the cells or the
culture supernakfritNlefbidHdpvested and the protein contained therein is worked up and purified. 25
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BACKGROUND

Biomolecules such as proteins, polynucleotides, polysaccharides and the like are

increasingly gaining commercial importance as medicines, as diagnostic agents, as

additives to foods, detergents and the like, as research reagents and for many other

15 applications. The need for such biomolecules can no longer normally be met - for example
in the case of proteins - by isolating molecules from natural sources, but requires the use

of biotechnological production methods.

The biotechnological preparation of proteins typically begins with the cloning of a DNA

20  fragment into a suitable expression vector. After transfection of the expression vector into
suitable prokaryotic or eukaryotic expression cells and subsequent selection of
transfected cells the latter are cultivated in fermenters and the desired protein is
expressed. Then the cells or the culture supernatant is or are harvested and the protein
contained therein is worked up and purified.

25
It is known that proteases are present in the harvested liquid, e.g. in cell-free culture
supernatant. Both biopharmaceuticals such as monoclonal antibodies or recombinant
proteins as well as chromatography materials such as immobilised protein A can be very
rapidly degraded or structurally damaged by proteases. This leads to compromises in the

30 product quality (homogeneity, functionality) and, in chromatographic materials, to a
reduction in the binding capacity, with consequent contamination of the bound product
fractions. Particularly in serum-free cultivation and in highly productive cells the

biopharmaceuticals produced are present in high relative concentrations and are thus



reduction in the binding capacity, with consequent contamination of the bound product fractions.
Particularly in serum-free cultivation and in highly productive cells the biopharmaceuticals produced
are present in high relative concentrations and are thus particularly prone to proteolytic damage to the
molecular structure, leading to both a reduced yield and lower product quality. Protein damage caused
by proteases may occur even at neutral pHs, but extensive protein degradation may be observed
particularly when the cell-free culture supernatant has to be adjusted to acidic pH levels for the
purification prpsetgs)ddy praraleprotaryéc tiacragadaiteedesiesd!®isting wengisiding tortwd Gapture step,

e.g. cation exp@m% 9@}8%99&%9?%{&9&%@9@' 10). It is known that some proteases, e.g. digestive

enzymes such as pepsin, are irreversibly 10inactivated by changes to the pH level (Z. Bohak,
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and its analoguies As PRI & S GYiskHg. proteinases including cathepsins B, H and L, Biochem. J.
201 (1982) 189-198). However, these are very expensive, toxic and difficult to eliminate from the

product. Therefore they are not an option for the economic production of safe medicaments. 20 BRIEF
SUMMARY OFi§ KHEOWNVEENFION TThteasesntion dijastizaerzymehcddT AsaReReifing proewsediyy

repeatedly Ch?g&mt@;@mr’eﬁl dbe,call ultuir sepetaRnb @iibsisteg-ef dhemresessitr dne
purification of biopharmaceuticals. Advantages of the invention are an improvement in prod 8%8uallty
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the neutral rangfebitrsibaseisthaeenemafre Gl hduBarrpll fvRiKesiParwb M fr&/8rdiol inactivated in
their activity upglgemiutalEARKIBIANH byaehang & teiacidis, pHrieveBpoxysuccinyl-leucylamido(4-

guanidino)butane (E-64) and its analogues as inhibitors of cysteine proteinases including
cathepsins B, H and L, Biochem. J. 201 (1982) 189-198). However, these are very
expensive, toxic and difficult to eliminate from the product. Therefore they are not an
option for the economic production of safe medicaments.

20

BRIEF SUMMARY OF THE INVENTION

The invention relates to a method of inactivating proteases by repeatedly changing the pH
25 in the cell culture supernatant at the start of the process for the purification of
biopharmaceuticals. Advantages of the invention are an improvement in product quality

and product yield, and a longer life for chromatographic materials.

Surprisingly it has been found that the harvested cell-free fermentation supernatants of
30  mammalian cell lines (e.g. CHO, "Chinese hamster ovary" cells) contain proteases that
can be activated by changing to an acidic pH and can also be irreversibly inactivated in
their activity at the optimum pH by subsequently changing the pH to the neutral range.
Proteases that are active at neutral pH levels can also be irreversibly inactivated in their

activity under neutrai conditions by a change to acidic pH levels.
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The present invention particularly relates to a process for inactivating proteases in liquids which are
obtained from cell cultures, comprising the steps of: (a)adjusting the pH of the liquid to 3 to 5, and then
5(b)adjusting the pH of the liquid to 7 to 9. BRIEF DESCRIPTION OF THE DRAWINGS isFigure 1:
Activation and inactivation of proteases from CCF by changing the pH twice. Figure 2: Degradation of
the model substrate interferon (IFN) at an acidic pH. 0.1 mg/ml interferon was incubated at 37C with
10 % (v/v) cell culture supernatant (CCF) at pH 4 for 0 or 14 hours with and without a change in pH
(lane 2 to 4) and separated by SDS-PAGE. 15The change in pH took place at 20C with 5 minute
pauses at pH 4 and at pH_ 7. IFN is degraded significantly less b}/ the change in pH (lane 3) than
Iithout pH Ina b RGT RSP TANGERS o e B bR ST CHAIIEL PEAEA, Byttt
lanes: 251 - markeraZe Hevied mghinek) befaresncubatisnd3th€E€Eps BEN pH 4 with change in pH, 14 h
incubation 4- %ﬁF *ééﬂgtﬂ'é' @é/v&q%tﬂggﬂg% ip pH, 44 hdncubation 25Figure 3: Breakdown of the
protein IFN by three hours™incubation with'CCF, 10 % (v/v) at pH 4.0, analysis with RP-HPLC. After
inactivatioh of #hke pASiEsiées By RErFANGARLIT dhd KuPsequent incubation with IFN at pH 4.0, after
three hours 72 % of the IFN can still be detected by RP-HPLC, whereas at the same time, without
inactivation, only 43 % of the IFN are still intact. The proteolytic activity can thus be reduced by half
compared with a 30wild-type protein. Figure 4: Fluorescence assay at an acid and neutral pH.
Proteases in the CCF are active at BRIBIERESGRITPAN QK Y Hs BRAVYNESment of the proteolytic
activity produced by

10 Figure 1: Activation and inactivation of proteases from CCF by changing the pH twice.

Figure 2: Degradation of the model substrate interferon (IFN) at an acidic pH. 0.1 mg/ml

interferon was incubated at 37°C with 10 % (v/v) celi culture supemnatant (CCF) at pH 4 for

0 or 14 hours with and without a change in pH (lane 2 to 4) and separated by SDS-PAGE.
15 The change in pH took place at 20°C with 5 minute pauses at pH 4 and at pH 7. IFN is

degraded significantly less by the change in pH (lane 3) than without pH inactivation.

After 14 hours IFN has been broken down completely (lane 4).

Layout of lanes:

20 1 —marker
2 — IFN (0.1 mg/mL) before incubation
3 — CCF + IFN pH 4 with change in pH, 14 h incubation
4 — CCF + IFN pH 4 without change in pH, 14 h incubation

25  Figure 3: Breakdown of the protein IFN by three hours' incubation with CCF, 10 % (v/v) at
pH 4.0, analysis with RP-HPLC. After inactivation of the proteases by neutralisation and
subsequent incubation with IFN at pH 4.0, after three hours 72 % of the IFN can still be
detected by RP-HPLC, whereas at the same time, without inactivation, only 43 % of the
IFN are still intact. The proteolytic activity can thus be reduced by half compared with a

30 wild-type protein.

Figure 4: Fluorescence assay at an acid and neutral pH. Proteases in the CCF are active

at pH 3.5 (e) and at pH 7 (4 ). As a measurement of the proteolytic activity produced by



proteases present in the CCF at pH 3.5 and pH 7, the release of a fluorophore by cleaving a peptide
substrate was measured. Figure 5: Proteolytic activity of neutral proteases with and without a change
in pH. Neutral proteases may be almost completely and irreversibly inactivated by acidification to pH <
5 band subsequent neutralisation. The measurement was carried out at pH 7 in each case, the release
of a fluorophore by cleaving a peptide substrate was measured as a measurement of the proteolytic
activity. Figure 6: Proteolytic activity of acid proteases without and with a change in pH. The

activation/inacuatiggeeffRgdoieares trthe PGk Wag sarved Oriibysehsnoingrdihprd anajegorsly to
Figure 1. Activated protegses are active a&g)t% < 5 and cleave the substrate. Activated proteases which

had been inacfV4tB Bf% FRINRRHRRSR H a 7 exhibit a residual activity reduced to 35% at pH
3.7. The measktirgune 5t Wageraytied duttabphesiainretaiseasaeithodetdbset efvd@ropmbteNsutRBaving

a peptide Sub%@%sawér& MEASIEE: %&ﬂgsé@@u?a#eﬂ@b@?&@mw\v&@@ﬁyi%;%z%ﬁppH <5
DESCRIPTION OF THE INVENTION 20The invention relatesto a process for |nact|vat|rﬁlj%]proteases

by repeatédly BREASYRIFIHEBHVHTRE R UING 8" BHERTRB AS AR EBPHE Bt il &Rh Brcess.

Advantages ofttae-dmesticmadligoasp oy Gyareaning dhpe piiod scbgualdywandrgieidras wel as a
lengthening of the life of chro at%g(r)f%l Cng mact‘Tvri'gls. 25Surprisingly, it was found that the harvested
S alia

me suremenq or the ica . . .
cell-free fermentation supernatants or mamm cell lines (e.g. CHO, "Chinese hamster ovary" cells)

contain proteases that can be activated by changing to an acidic pH and can also be irreversibly

inactivated in thgjuACEVitYyAE Shei@REMUILPELRY sleseas Mty ehanging thepirnde thement@l range.
Proteases that are active at neﬁtral PF values can.al&\o %eqiﬁreversétgweyg&tiva%%% ri}n itrbe'%rth%?tivity
under nedfral &HURIGRART W RHAM GETRS REPFRTHT IeVats~ T dastar Bt ths IRV etates to a

process for reducigquaiein dggradadotivatéid pkteasistare @chamartfromacd cang ke comprising
the steps of: (QagiSiincatls REhOf eaic iR Aadbnandithen sbadistine e akb A5 AR lisuicto 7 to

9. After acidification of the cell culture supernatant, activation of the proteases present obwouslg/ takes
place, indicatirfy it Breesicieadl BbHiYiFRINCRRB S SmaRb Rited I it EnRrgement was carried out at

pH 3.7 in each case, the release of a fluorophore by cleaving a peptide substrate was

15 measured as an indication of the proteolytic activity.

DETAILED DESCRIPTION OF THE INVENTION

20 The invention relates to a process for inactivating proteases by repeatedly changing the
pH of the cell culture supernatant at the start of the purification process. Advantages of
the invention are an improvement in the product quality and yield as well as a lengthening

of the life of chromatographic materials.

25 Surprisingly, it was found that the harvested cell-free fermentation supernatants of
mammalian cell lines (e.g. CHO, "Chinese hamster ovary" cells) contain proteases that
can be activated by changing to an acidic pH and can also be irreversibly inactivated in
their activity at the optimum pH by subsequently changing the pH to the neutral range.
Proteases that are active at neutral pH values can also be irreversibly inactivated in their

30 activity under neutral conditions by a change to acidic pH levels.
In another aspect the invention relates to a process for reducing protein degradation in

liquids which are obtained from cell cultures, comprising the steps of:

(c) adjusting the pH of the liquid to 3 to 5, and then
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5(cathepsins). These proteases are involved in the breakdown of endocytic proteins, are ubiquitously
expressed in all tissues as non-active proforms and are located intracellularly in endosomes. The
maturation of these compartments to form lysosomes is accompanied by a dramatic lowering of the pH
which leads to both autocatalytic and in trans activation of the lysosomal proteases. The secretion of
cathepsins into the extracellular space is 10discussed chiefly in the context of the metastasisation of
tumour tissue, and for some individual cathepsins secretion in cell culture has also been described.

The proteolytic(@)ctivé%ﬁigsqggbm%glgg Sanbegidributed on the one hand to secreted proteases

and on the other hand to proteases originally located in the membrane, which 15are presumably
separated from the cell membrane during the production process and continue to be active in solution.
Typically, in bigplaacnadeaticalgitbeessies;tet s apersefzatated fedomtbetprqaoecentaingwyicell culture

supematant by cepliiygaion s i Ths el fter sy pernglogl s ena0sieleired et 02

pM pore size) and diafiltered for re ng before the capture’step. The inactivation by changing the
pH twice can bEaaamsDut s RiaifasesAradNatay HtbetheeakpoaritBeassica elftireare

supernatant fromidhRoceliseaprbysed inaAAnk aibeasHasestiRet ptcens stenardiovien selectingshg pH
levels the product rgolecule d the iech.nica}% uipment shoulqsnﬁ)tfgg dpma ed, and theref%qeeH
A :

levels < 3 shodltHERIGIGed a‘?erpn"‘? lﬁ?ﬂ?@d‘? ica F‘onCSP%H%""Er‘SBu protei A %%Sré%gg Corrosion of

steel containersy)aasaveltiapprin® qtibarmid atiieh dé agspir hgth@aiodairivdiemne )M fcdeHridiPiimes at

the respective gH\AlLSI SHeq Sepend onthe stakilibn O tharuadhetEoieinxTbedimerpards the
activation 300f proteases hy acidification should be as shart as ?Eo sible, but advan}g%eouslé at least 5

minutes (i¥in). BRFUSREMPIE el MR AAMTEE Wbk SuHaS BRF B i (LU IS4G A RBG EA S Preferably 5
to 15 minutes. WilVidosigathepainttosetimbsrfor cetivaltion heseidic pdrialassritkdre may be increased
proteolytic breakdown of the target protein. The time span of the subsequent retention step for

inactivation of the acid proteases at a
The proteolytic activity at neutral pH values can be attributed on the one hand to secreted

proteases and on the other hand to proteases originally located in the membrane, which
15 are presumably separated from the cell membrane during the production process and

continue to be active in solution.

Typically, in biopharmaceutical processes, cells are separated from the product-containing
cell culture supernatant by centrifugation or filtration. The cell-free supernatant is then

20  sterile filtered (max. 0.2 uM pore size) and diafiltered for rebuffering before the capture
step. The inactivation by changing the pH twice can be carried out at the earliest
immediately after the separation of the cell culture supernatant from the cells and used in

any other subsequent process step.

25  When selecting the pH levels the product molecule and the technical equipment should
not be damaged, and therefore pH levels < 3 should be avoided (chemical modification of
the product protein and increased corrosion of steel containers ), as well as pH > 9
(deamidation of asparagine and glutamine). The retention times at the respective pH
values also depend on the stability of the product protein. The time span for the activation

30 of proteases by acidification should be as short as possible, but advantageously at least 5
minutes (min). For example, retention times between 5 and 30 minutes are
advantageous, preferably 5 to 15 minutes. With longer retention times for activation at
acidic pH levels, there may be increased proteolytic breakdown of the target protein. The

time span of the subsequent retention step for inactivation of the acid proteases at a
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neutral pH is not critical and the pH can also be maintained over several process steps or varied
again, as all neutrally active proteases have already been inactivated and no more proteolytic activity
can be detected. Advantageous retention times for the neutralising step are 5 to 60 minutes, for
example. 5 The adjustment to the respective target pH values may be carried out in solution by a one-
time addition or titration of acids such as acetic acid or hydrochloric acid or lyes/bases such as sodium
hydroxide solution or Iris, with stirring. In the acid step pH values of between 3 and 5 are

advantageoushs seleciads fRl examPIRA PE 5 3 Wb Benrefiptabiidlok: Keudhe sHisasUaBbs or
inactivation of acid proteases by neutralisation e,PH vaIuSPs of 7-9 h(%\//ﬁ é)roved effiecgve dpreferably pH

7.4-8.5. The in(BIEGP AR B EEARIE BRI RRIBRS SR AREESY RES R TRCARTBIS 18R %7C,
preferably 20-8#E=dvicefeived cange ftpeeidrihgthe snentidenison0C ¢s Boel 6eTite fiogess for
inactivating a%%%“@%f@é mg&g@geﬁjpg%gjng the pH twice was successfully carried out on
cell-free culture supernatants of mammalian cells (CHO and NSO). The results can also be transferred
to culture supernatants of other production organisms and can be used within the scope of the
Leq uii]rements ahtheduieghisitnooieinme2Ppearictagbt s pHriability bia theistmuitfactotetohviayieuse-

iopharmaceugical products, The.present inventio S f ica- i ical

{glme :%8%%% CB’AI'( a xBn cﬁeactié?lsgi? a@ g‘caelﬂ% ag%é 9%&8%1!3%%‘8@ cﬂ'rfg?%/l%gggg

protease activRycrrs spdiaowoptise selutian sroteaswiticeilitpealn BeinddsiemRbratiestel. The

2f5tpr0tea?3 aclﬁiéliw_eeﬁ% Qﬁf)%é%%djﬁ@l%@@@s@eé?@&éﬁ' nTethade @ Bypthefrelease of fluskeapgnce
after peptide cleaving an the degradation, of native protejn substrates. Proteases thatare
harmful t¢%he %rgah&ea%@%%qﬁﬁm&ﬁ‘?éﬁﬁ %nilgr%e?/% S%ﬁ/ﬁga% |\b§t38u ﬁﬁﬁ%ﬁ e %%6%'% |8r?6}0?5
biopharmaceutieat predécheffentsdypeetprakyartd Sifndle 35physicochemical method. The cell culture

supernatant can be used in a variable manner as a result and may be obtained by a variety of

purification techniques. .
The invention may be carried out in a temperature range of 4°C- 37°C, preferably 15°C to

methods. By changing wice throug erent pH units (Figure 1) up to 75% [

37°C, preferably 20-37°C. A preferred range for performing the invention is 20°C to 30°C.
15

The process for inactivating acid and neutral proteases by changing the pH twice was

successfully carried out on cell-free culture supernatants of mammalian cells (CHO and

NSO). The results can also be transferred to culture supernatants of other production

organisms and can be used within the scope of the requirements of the product protein,

20 particularly its pH stability, in the manufacture of various biopharmaceutical products.

The present invention makes use of purely physico- and biochemical methods. By

changing the pH twice through different pH units (Figure 1) up to 75% of the acid protease

activity and up to 90% of the neutral protease activity can be irreversibly eliminated. The
25  protease activity can be detected using two detection methods, a) by the release of

fluorescence after peptide cleaving and b) by the degradation of native protein substrates.

Proteases that are harmful to the product and equipment can be irreversibly inactivated
during the production of biopharmaceutical medicaments by a quick and simple
30 physicochemical method. The cell culture supernatant can be used in a variable manner

as a result and may be obtained by a variety of purification techniques.

The addition of acids and lyes to tanks is very quick and easy to carry out and can also be

scaled up for industrial use. After the inactivation of the proteases the cell culture
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The addition of acids and lyes to tanks is very quick and easy to carry out and can also be scaled up
for industrial use. After the inactivation of the proteases the cell culture supernatant may be adapted
to the purification processes in a very variable manner. Standing times or pH values are non-critical,
by contrast with the conventional production processes. 5 Examples Working example 1: Change in
pH after harvesting, before the capture step CHO cells are grown in the fed batch, final volume 80 L,
for 11 days. The cell culture 10supernatant (CCF) is maintained at 20C and separated from the cells

using a througkflundisatcaaybegriand Sterie-filieredtibriquobesdétan casegderiibrnrtze . value of

the CCF is lowered to E.H 4 %}/ trF aa%(‘jéition of ac_eti{: aFig. %ft%thgvztﬁﬁgt%pH Q%%tP%%ﬁ‘ rea hC idri}t is
maintained for ?TS'H% "berore heEEIEHElAlSEn 1 P oy y the Sddition of Sodium Hydproxide
solution. Beforgrdaese@sprocessing (capture step) the CCF is ultra- 15/diafiltered through a 50 kD
MWCO membrane in order to achieve suitable binding conditions for the capture step.  Working
example 2: Change in pH directly after the separation of CCF and cells, 20before sterile filtration CHO
cells are grown in the fed batch, final volume 80 L, for 11 days. The cell culture supernatant (CCF) is
separated fronEgregdfeesing a throughflow disc centrifuge and maintained at 20C. Then the pH value
of the CCF is lowered to pH 4 by the addition of acetic acid with constant stirring. After the target pH
has been reached it is maintained for 255-10 min, before the CCF is neutralised to pH 7.5 by the
addition of sodnerKigexdadsptoHitionange igMedteGfaisdsting;tbafertlttreddpratgbtagdilter cascade.
Before further essing (capture s t Fis ultra-/diafiltered thr.

membrane in oerg)eSr Sﬁgc%le g) %V&fgéﬁeg%ﬁ?ﬁﬁg%’oﬁln(ﬂlﬂi\é%g cﬁ%ﬁgtggg@&'&%ﬁ% lé/Vcl)r |¥r}§§r gxample 3:
Change iropH siftsrnpiani CaftLicerssipalnetbaé 2Aaetangdispraratrd jiamg the cells using a throughflow

disc centrifuge and sterile-filtered through a filter cascade. Then the pH value of the CCF
is lowered to pH 4 by the addition of acetic acid. After the target pH has been reached it
is maintained for 5-10 min, before the CCF is neutralised to pH 7.5 by the addition of
sodium hydroxide solution. Before further processing (capture step) the CCF is uitra-

15 /diafiltered through a 50 kD MWCO membrane in order to achieve suitable binding

conditions for the capture step.

Working example 2: Change in pH directly after the separation of CCF and cells,
20  before sterile filtration
CHO cells are grown in the fed batch, final volume 80 L, for 11 days. The cell culture
supernatant (CCF) is separated from the cells using a throughflow disc centrifuge and
maintained at 20°C. Then the pH value of the CCF is lowered to pH 4 by the addition of
acetic acid with constant stirring. After the target pH has been reached it is maintained for
25  5-10 min, before the CCF is neutralised to pH 7.5 by the addition of sodium hydroxide
solution. The treated CCF is then sterile-filtered through a filter cascade. Before further
processing (capture step) the CCF is ultra-/diafiltered through a 50 kD MWCO membrane

in order to achieve suitable binding conditions for the capture step.

30
Working example 3: Change in pH after rProtA capture step, before inactivation of

the virus



CHO cells are grown in the fed batch, final volume 80 L, for 11 days. The cell culture supernatant
(CCF) is separated from the cells using a throughflow disc centrifuge, sterile-filtered through a filter
cascade and ultra-/diafiltered through a 50 kD MWCO membrane in order to achieve suitable binding
conditions for the capture step, rProteinA affinity 5chromatography on PBS pH 7.5. A MabSelect
chromatography column is charged with 32 mg of mAb per mL of column matrix and the antibody is
eluted in a step with acetate buffer pH 3.5. The pH of the fraction containing the product is adjusted to
pH 7.5 by the gadjtinoht Mdwisinitb slirsagnaneaine phhéssmairtainedides Ihmoehtamiéent

temperature before suitabl nditions for an acidic inactivation of t ' terial
and methods é@?&?ﬁ?ﬁ% %%é@rhsa%gﬁ? 'f%ﬁ?n% &aﬁ ﬁ&sg}%gl}%{%ﬁ f(ﬁ%l%%&? 5%%%'?% ’S(S)Q?Weg )
secretory prodiltetioh toftherapiticpsotsinsnte tattidaideted ruahardr dadd/h-se FOfipER figdium.

The cell culturg, sypsryatae(C i callfiae celhaubrsadiuid inseparsited by-bisianoarmiigentrifugation
from cells and insoluble constituents and after being Té:i'us ed to the reﬁ ec}ive Hitis usgd zg}'% 10-20
8 chl K

% (viv) foP the REEMIRCEREN% 090 Raj5trhant MR SIS U TR SEPEUIRS

ur%n%uf)se?ngfgﬁts are

acidified by thezaedido mabasetiolacidolinensaatptesdribénantididyetyatnbeddramdiarcwithtedef@is-10

minutes at thebs%lecg}
[ t

S Eﬂapé*w'ﬁée ipiiating.constitusnteg pellsieslbyisenfilugaiopand diseasded.

The pH is raised by the addition 250f sodium hydroxide Solution or 1 M Tris base. Inhibition
experiments feedaseiring THe piieisd g D arbtRPRTRINGE RGN BHEERS Elasses, CCF is
incubated withgiiffrrenireassrer sialdphikisasians fanyreniainingatictititty i theniinvestigsdedtitthe
activity a%:ays. The

Material and methods

Cell culture supernatant

15 Murine and CHO production cell lines optimised to the secretory production of therapeutic
proteins are cultivated for a number of days in serum-free medium. The cell culture
supernatant (CCF, cell free cell culture fluid) is separated by filtration or centrifugation
from cells and insoluble constituents and after being adjusted to the respective pH it is
used at 10-20 % (v/v) for the activity assays.

20
Adjustment of the pH value
The cell culture supernatants are acidified by the addition of acetic acid. The samples are
immediately mixed and incubated for 5-10 minutes at the selected pH. Precipitating
constituents are pelleted by centrifugation and discarded. The pH is raised by the addition

25  of sodium hydroxide solution or 1 M Tris base.
Inhibition experiments for determining the protease classes
In order to inhibit individual protease classes, CCF is incubated with different commercial
inhibitors and any remaining activity is then investigated in the activity assays. The
30 concentration of inhibitor used is that recommended by the manufacturer.
Activity assays

Fluorescence assay, analysis by the release of a fluorophore
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30concentration of inhibitor used is that recommended by the manufacturer. Activity assays
Fluorescence assay, analysis by the release of a fluorophore -8- The substrates used for the kinetic
and quantitative determination of the proteolytic activity are different peptide-fluorophore conjugates,
the cleaving of which leads to the release of fluorescent dyes such as aminomethylcoumarin (AMC) or
the elimination of the quenching effect by dinitropheny! (Dnp) on
N-methylaminobenzoyl-diaminopropioniC acid (Nrna). The 5increase in the fluorescence signal may

be monitored phatorpeirigally al3a0 Mk k2 APUURHANS dekenm A Bmh%r%{@a%ék@%mgi{ﬂ the
Multilabel-Counter Victor 't (Perkin Elmer, Massachusetts, USA) (Fig. 3). All the assarygég klnetlfc and
C

. ] : . )
quantitative arfifySEEH PERICE HUPRPIRTE SANNERKHS JPtheleRY BaR M RE T & i eANC,
10-20 pM Peptide-ddeshtaryesluphiddnRReptideibiuaanithad@sente ofrbOatRh W (a nGOEIPH 7

(100 mM Tris/H gctéb%é@mo'}!ﬁg&ﬂ%%@%ﬁe@ﬁgr MNaaceiatg 200N NAT Ao RegpgaEoN

assay, analysis by and T ate used for'the qualitative analysis of proteolyfic
activity is a nativasegestéire? thereresfao AigamifayRR)MENqseg DRAPMAtdsAdYRd s PPESEMT as a

monomer in sqlutiamdrar the\frgradationassay, 0-Lamsin I Mairineserieswith ¥R %1v/v) CCF at
37C at pH 4 for up to 24 hours and detected %éDS-Page and silver staining according to

20HeukeshovéRgHBUKEMoMaTSICIERHRIVRY) (FBrdVed silver staining procedure for fast staining in
PhastSystem Development Unit. I. Staining of sodium dodecyl sulphate gels. Electrophoresis, 9,

(1988) 28-32.) aor.the degradation of the protein is.determined -
proteolytic actlj\%}. ﬁ'ﬁ%sgﬁ?-?ﬁ Elee%ﬁ a 9C£ ulgncgér?llgfﬂ éﬁlﬂ%e%ﬁ% g%%%;&graaqt?@ Hrr%a%j\g}gﬁ%ﬂvﬁgﬁg

(Waters 2695 alibateasy @it 20N Qerdero MPafd20 487 tpiiandehahes DebEBH-beridany st a
Vydac 214 TPiChEohaaunby gragiepd elutiarn otk pHVMI B M WalerdsolotietvANETO. 3h&pV/Iv)

TEA in acetonitrile (solutj

B) (Tab T . Eluti dient for a RP-HPLC-C4 column. Th
gradient runs f?o%l'f(ﬁ)u'@ @?é%ﬁé%ﬁ?c@gl%%ﬁﬁ#@' vtion gracientior column. The

15 Degradation assay, analysis by PAGE and RP-HPLC
The substrate used for the qualitative analysis of proteolytic activity is a native protein of
the interferon family (IFN). IFN is 22.5 kD in size and is present as a monomer in solution.
For the degradation assay, 0.1 mg/ml IFN are incubated with 10 % (v/v) CCF at 37°C at
pH 4 for up to 24 hours and detected by SDS-Page and siiver staining according to

20 Heukeshoven (Heukeshoven, J., Dernick, R., Improved silver staining procedure for fast
staining in PhastSystem Development Unit. |. Staining of sodium dodecy! sulphate gels.
Electrophoresis, 9, (1988) 28-32.) or the degradation of the protein is determined by

RP-HPLC as a measurement of proteolytic activity.

25  The RP-HPLC analysis is carried out on an HPLC apparatus made by Waters (Waters
2695 alliance) with a UV detector (Waters 2487 Dual Absorbance Detector) by means of a
Vydac 214 TP-C,4 column by gradient elution of 0.2 % (v/v) TFA in water (solution A) to
0.15 % (v/v) TFA in acetonitrile (solution B) (Table 1).



solution A solution B [min] [%] Wo] 5.0 60 40 15.0 30 70 15.1 10 90 19.0 10 90 19.1

10

15

20

25

Table 1: Elution gradient for a RP-HPLC-C4 column. The gradient runs from aqueous to

organic solvent

time solution A solution B
[min] [%] [%]

50 60 40
15.0 30 70
15.1 10 a0
19.0 10 30
19.1 60 40
21.0 60 40

Results

The substrate cleaving by proteases from CCF has two peaks which are situated at acidic
pH values pH < 5 and in the neutral range around pH 7. The activities of the respective
proteases may be monitored by protein breakdown and the release of fluorescence after
the cleaving of a fluorogenic peptide substrate (Fig. 2 and 4). Figure 2 shows the
breakdown of IFN at pH 4 in the presence of 10 % (v/v) CCF. After only a few hours IFN
is broken down under acidic conditions (lane 4), Figure 4 shows the course of the
cleavage over time of the Dnp-peptide-Nma-substrate by 20 % (v/v) CCF after incubation
at pH 3.5 and pH 7. The increasing fluorescence signal is a measurement of the cleavage

of the peptide substrate. Activity is observed at both acidic and neutral pH values.

This activity can be suppressed by protease class-specific inhibitors, thereby showing that
a number of protease classes are present in the CCF and can be divided into two groups:
the acidically-active proteases which are active only at low pH levels, and the neutrally-
active proteases which are active only at neutral pH leveis. The acidically active ones
have no activity at neutral pH values and the neutrally active ones have no activity at
acidic pH values. Whereas the neutrally-active proteases are already active at the time of
cell separation, the activation of the acidically active proteases in CCF does not take place

until the reaction conditions are acidified.
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60 40 21.0 60 40 Results The substrate cleaving by proteases from CCF has two peaks which are
situated at acidic pH values pH < 5 and in the neutral range around pH 7, The activities of the
respective proteases may be monitored by protein breakdown and the release of fluorescence after
10the cleaving of a fluorogenic peptide substrate (Fig. 2 and 4). Figure 2 shows the breakdown of IFN
at pH 4 in the presence of 10 % (v/v) CCF. After only a few hours IFN is broken down under acidic
conditions (lane 4), Figure 4 shows the course of the cleavage over time of the

Dnp-peptide-Nma-yBistepieng 79 tHe (hvh rdepiteinastbaioneatiripicreasdpH 7. The increasing

fluorescence signal is a measurement of the cleavage 150f t e téde S bstratg. Acgi .is”%)bserved
at both acidic 5%8 ﬁ‘éti}ﬁté{loﬁH%Tab%ﬁoﬁ%ea?cfﬁ%“@fﬁ?}@dsgég&%% %9%‘?‘25%%%&%5 spedific
inhibitors, thergyshmnigatwatyg Figntheiroéprdfebs € Cassesaestpidsentwn-tepCO&F@rdrcan be
divided into th?o%Ogﬁ;%: {hgpcid &l%@&%@&%{ﬁis&*&@MV,mmsm?&manémidgwaméea@@@@ed the

neutrally- 20active proteases which are active only at neutral pH levels. The acidicaliy active ones
have no aétivit) ftenBeRrEPpRPSRRRSSALPIAE NEldtradIiiateifs)ones have no activity at acidic pH values.
Whereas the neutrally-active proteases are already active at the time of cell separation, the activation

of the acidically, active proteases in CCF s not take pl unti . i q ilti&qg are acidified.
25 Two-step c¥ e?n%réelfnaﬁ%égf%ﬁ%ﬁﬂnoorpt% t(ggfa%%(\s/)é’t@ ?\%qg%rgaﬁ%%%ggtﬁ%sﬁ%%éa)d;tti%itg%f neutral proteases
from untreatedr@@Fsités Ibesddtiirieohitiorclivitnios TRISFabcapteead8iRAtERy. 5, circles). If the CCF
is subjected to a two-step change in pH from pH 7 to pH < 5 followed by neutralisation, virtually no

further activity can be detected
10

Two-step change in the pH in order to inactivate acidic proteases
The proteolytic activity of the proteases activated by the acidification of the CCF may be
detected at pH 3.5 in the fluorescence assay and in the protein degradation assay (Fig. 6,
squares). However, this activity is not maintained if the CCF is neutralised after the

15 acidification. If the reaction conditions of pH 3.5 that are optimal for acidic proteases are
restored after the neutralisation, the activity of the acidic proteases that is measurable in
the fluorescence assay is reduced by up to 65 % compared with the untreated CCF (Fig.

6, triangies).

20  The degradation of proteins is also reduced by the double change in the pH. The
degradation of the model protein IFN is significantly reduced after the neutralisation step

(Fig. 3, grey bars).

It was possible to reduce the breakdown of the native protein substrate IFN by 50% as a

25  result of the repeated change in the pH (Fig. 3, quantification by RP-HPLC).
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5in the fluorescence assay at pH 7 (Fig. 5, triangles). The brief acidification of the CCF and
subsequent neutralisation lead to total and irreversible loss of the proteolytic activity of neutrally-active
proteases. 10 Two-step change in the pH in order to inactivate acidic proteases The proteolytic activity
of the proteases activated by the acidification of the CCF may be detected at pH 3.5 in the
fluorescence assay and in the protein degradation assay (Fig. 6, squares). However, this activity is not
maintained if the CCF is neutralised after the 15 acidification, If the reaction conditions of pH 3.5 that
are optimal for agigiggroteases are restored after the neutralisation, the activity of the acidic proteases
that is measurable in the fluorescence assay is reduced by up to 65 % compared with the untreated
CCF (Fig. 6, triangles). 20The degradation of proteins is also reduced by the double change in the pH.
The degradatidn of the nfodekpsdeeinarivagreignifleantdy retiudes hfbathehiengalisamiorestep (Fig. 3,
grey bars). It wag pessbledoseargarbebrealtdown of the native protein substrate IFN by 50% as a
25result of the repeated change in the pH (Fig. 3, quantification by RP-HPLC). CLAIMS  Process
for inactivating proteases i AU hiEER 88?&%‘56“93913cg1l5c&ﬁ{?rg§ncomprising the steps of: (a)
adjusting the pH of the lighjcatiustiogithamdtbeth€bpaddstiig the pH of the liquid to 7 to 9. 2,Process
for reducing the protein degradation in liquids that are obtained from cell cultures, comprising the steps

of 10(a) adjusting the pH of the liquid to 3 to 5, and then (b) ad{usti,ng!.the pH of the liquid to 7 to 9.
2. Process for reducing the protein degradation inliquids that are obtained from

cell cultures, comprising the steps of
10 (a) adjusting the pH of the liquid to 3 to 5, and then
(b) adjusting the pH of the liquid to 7 to 9.

3. Process according to claim 1 or 2, characterised in that the pH in step (a) is in
the range from 3.5 to 4.5.
15
4. Process according to one of claims 1 to 3, characterised in that the pH in step

(a) is maintained for a period of 5 minutes to 30 minutes.

5. Process according to one of claims 1 to 4, characterised in that the pH in step
20 (a) is carried out at a temperature of 20 to 30°C.
6. Process according to one of claims 1 to 5, characterised in that the pH in step

(b) is in the range from 7.4 to 8.5.

25 7. Process according to one of claims 1 to 6, characterised in that the pH in step

(b) is maintained for a period of 5 minutes to 60 minutes.

8. Process according to one of claims 1 to 7, characterised in that the pH in step
(b} is carried out at a temperature of 20 to 30°C.
30
9. Process according to one of claims 1 to 8, characterised in that the liquid is

liquid from a mammalian cell culture.
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3.Process according to claim 1 or 2, characterised in that the pH in step (a) is in the range from 3.5 to
4.5. 15 4.Process according to one of claims 1 to 3, characterised in that the pH in step (a) is
maintained for a period of 5 minutes to 30 minutes. 5.Process according to one of claims 1 to 4,
characterised in that the pH in step 20(a) carried out at a temperature of 20 to 30C. 6.Process
according to one of claims 1 to 5, characterised in that the pH in step (b) is in the range from 7.4 to
8.5. zs7.Process according to one of claims 1 to 6, characterised in that the pH in step (b) is
maintained for g period ¢! 3 minuies,16A0 MRS BrBiagersAcrdiNgdqang ol @aimslidad,
characterised in that the pH in steP (b) is"carried out at a temperature of 20 to 30C. 30 9. Process
according to one of EphdsMABB2IaTLraLE@HRES in that the liquid is liquid from a mammalian cell
culture. 10.Process according to claim 9, characterised in that the liquid is cell-free liquid from a
mammalian cell culture.

5
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