-1- Inproved purification of collagenases from C ostridium histolyticum
liquid culture The present invention is in the field of protein biochemstry
and deals with methods to provide purilfied C. histolyticum collagenase |
and Il enzynmes. A particular technical advantage of the invention is the

i nprovenent in the rapid separation of the desired enzynmes from concom tant
proteolytic activities, particularly the clostripain protease. Upon
purification according to the present invention the coll agenases are
particularly suited as ingredients in protease blends for tissue

di ssoci ati on. The present invention provides a nethad for purifying
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and intact collagenase type I and type Il proteins which are enzymatically active.

The invention also provides blends of the two isolated proteins. The invention

further provides the use of the purified collagenase proteins or blends thereof for

treating a tissue sample in vitro.

Background of the Invention
Microbial collagenases (EC 3.4.24.3) are metalloproteinases which degrade helical

regions of native collagen to small fragments. Preferred cleavage is -Gly in the
sequence -Pro-Xaa-Gly-Pro-. Six main forms grouped in two classes have been
isolated from Clostridium histolyticum that are immunologically cross-reactive but
possess different sequences and different specificities. Other variants have been
isolated from Bacillus cereus, Empedobacter collagenolyticum, Pseudomonas

marinoglutinosa, and species of Vibrio and Streptomyces.

Collagenases have a role in destroying extracellular structures in the pathogenesis of
bacteria such as Clostridium histolyticum. Thus, they are exotoxins and act as
virulence factors, e.g. by facilitating the spread of gas gangrene. Collagenases
normally target the connective tissue in muscle cells and other body organs. Owing
to the potent hydrolytic activity toward connective tissue, collagenases and other

proteinases such as thermolysin are used for tissue dissociation in vitro.



to the potent hydrolytic activity toward connective tissue, collagenases and
ot her proteinases such as thernolysin are used for tissue dissociation in
vitro. -2- The col |l agenases produced by C ostridiumhistolyticumwere the
first collagenases to be discovered and characterized. The culture filtrate
of Clostridiumhistolyticum contains a m xture of collagenases and ot her
protei nases. Six main collagenases w thynol ecul ar nmasses ranging from68 to
130 kDa have been purified to honbgeneity and have been designhated as type
| and type Il collagenases (both classes of proteins are herein also
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hzstolyttcum culture filtrate or liquid culture supernatant it is therefore desireable to

separate clostripain at an early step to minimize losses.

Bond, M., D., Van Wart, H,, E., (Biochemistry 23 (1984) 3077-3085) disclose a
chromatography-based purification scheme which starts with a crude enzyme
preparation. In the first step the crude enzyme was chromatographed over
hydroxylapatite. The mechanism of hydroxylapatite chromatography is also known
as “mixed-mode” ion exchange. It involves nonspecific interactions between
positively charged calcium ions and negatively charged phosphate ions on the
stationary phase hydroxylapatite resin with protein negatively charged carboxyl
groups and positively charged amino groups. For elution, a buffer with increasing
phosphate concentration is typically used. According to Bond, M., D., Van Wart,
H., E. (supra) three fractions were eluted with a potassium phosphate gradient. The
first fraction contained the majority of the pigment and the third fraction contained
95% of collagenase activity. The third fraction was further subjected to gel filtration
chromatography on a Sephacryl™ S200 column, followed by affinity
chromatography over L-arginine-Affi-Gel™ 202. These steps combined and in the

order as disclosed served to remove the brown pigment and the majority of the



first fraction contained the majority of the pignent and the third fraction
contai ned 95% of collagenase activity. The third fraction was further
subjected to gel filtration chromatography on a Sephacryl T" SS200 col um,
followed by affinity chromatography over L-arginine-Affi-Gel T 202. These
steps conbined and in the order as disclosed served to renove the brown

pi gment and the majority of the -3- contam nating protei nases active agai nst
casein, benzoyl-L-arginine ethyl ester, and elastin. Reactive Red" 120 dye
| i gand chr omat ogr aphy subdivided the type I and type Il collagenases. WO
2003/ 004628 dicsuiansmsing ppeieinfses attive agaghewsn, engdyl-Chargningiegtybésyari adm cul t ur e

supernatant | s sbseauRRchinIRUAGKRBNEA.ERH} HndvHE ghatide. (2) an
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and the |iqui cinle0gmtaad if@thermore at concentrations between 400 and 520 g/l. Recovery
of collagenase by precipitation was found to be significant at 400 g/l and the pellet
generated using this concentration was found to be the easiest to resuspend.
Furthermore, concentrations higher than 400 g/l apparently resulted in a very

similar recovery with respect to the collagenase proteins.

In order to produce collagenases at a larger scale, WO 2007/089851 discloses the
combination of (1) a specially chosen strain of C. histolyticum, (2) a fermentation
process with growth conditions to optimize production of collagenases while
aiming to reduce the production of clostripain, and (3) a purification scheme for

collagenase I/1I.

Both elements, the choice of the C. histolyticum strain and the liquid fermentation
medium contribute to a reduction of clostripain in the raw material used for the
purification process. Accordingly, it is noted that the conditions disclosed in WO
2007/089851 are such that the purification scheme is based on a raw preparation
with a specific clostripain activity of between 0.7 and 5.5 U per mg total collagenase.
According to the disclosure, these values also reflect the clostripain vs. Collagenase
ratio in the culture supernatant since no noticeable separation of clostripain was

found as an effect of ammonium sulfate precipitation. The comparably low amount



medi um contribute to a reduction of clostripain in the raw material used for
the purification process. Accordingly, it is noted that the conditions

di sclosed in WO 2007/089851 are such that the purification schene is based
on a raw preparation wth a specific clostripain activity of between 0.7
and 5.5 U per ng total collagenase. According to the disclosure, these

val ues also reflect the clostripain vs..f£ollagenase ratio in the culture
supernatant since no noticeable separation of clostripain was found as an
effect of ammoni um sul fate precipitation. The conparably | ow anount -4- of
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pept one) and iThewxienkive ee splopdiitin in the purification method of WO 2007/089851
indicates that even after hydrophobic interaction chromatography a significant
residual amount of undesired proteolytic activity is present in the eluted fractions
comprising the collagenases. Such residual proteases are particularly
disadvantageous because they rapidly degrade the desired collagenases, whereby

collagenase type I is a particularly sensitive target.

In contrast to the state of the art, the present invention is based on a culture filtrate
or supernatant, in which the fermentation broth for C. histolyticum culture is free of
any mammalian-derived component (such as a peptone) and in which the specific
clostripain activity in the filtrate or supernatant is between about 10 and about 200
U per mg total collagenase, preferred between about 50 and about 200 U per mg
total collagenase, more preferred between about 75 and about 200 U per mg total
collagenase, even more preferred between about 100 and about 200 U per mg total

collagenase.

The inventors have surprisingly found that a precipitation step with ammonium
sulfate ((NH,4),SO,)) prior to hydrophobic interaction chromatography allows to
obtain a stabilized intermediate product comprising the desired type I and type II



clostripain activity in the filtrate or supernatant is between about 10 and
about 200 U per ng total collagenase, preferred between about 50 and about
200 U per ng total collagenase, nore preferred between about 75 and about
200 U per ng total collagenase, even nore preferred between about 100 and
about 200 U per ng total collagenase. The inventors have surprisingly found
that a precipitation step with ammoniumsgsul fate ((NH4)2SO4)) prior to

hydr ophobi ¢ i nteracti on chromat ography allows to obtain a stabilized
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the steps of (eéSePBP%i\rIIPHP fiﬁlée”cl %&t?ﬁr%%é%r 3§1§Bi ved in an aqueous
| i qui d phase; (b) formng a preci pitate of collagenase type | and type ||
proteins by dussndryiofithedniveartionm sulfate in the |liquid phase of step (a);
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dissolving ammonium sulfate in the liquid phase of step (a) (c) separating the
precipitate of step (b) from the liquid phase; (d) dissolving the precipitate of step
(¢) in an aqueous buffer comprising Ca2+ ions and a pH between 6.0 and 8.0, and
adjusting the conductivity of the buffer with the dissolved precipitate to a value of
between 50 and 300 mS/cm, thereby forming a complex buffered solution
comprising collagenase typel and type Il proteins; (e) extracting the complex
buffered solution of step (d) by contacting the same with a hydrophobic stationary
phase, and adsorbing collagenase type I and type II proteins to the stationary phase;
(f) separating the hydrophobic stationary phase with the adsorbed collagenase
type I and type II proteins of step (e) from the extracted solution; (g) eluting the
collagenase type I and type II proteins from the stationary phase of step (f); thereby
purifying the collagenase typel and typell proteins. A second aspect of the
invention is a preparation comprising enzymatically active Clostridium histolyticum
collagenase type I and type II proteins, obtainable by the method according to the
invention. A third aspect of the invention is a purified preparation of enzymatically
active Clostridium histolyticum collagenase type I, obtainable by the method
according to the invention. A fourth aspect of the invention is a purified

preparation of enzymatically active Clostridium histolyticum collagenase type II,



buffered solution of step (d) by contacting the sanme with a hydrophobic
stationary phase, and adsorbing coll agenase type | and type Il proteins to
the stationary phase; (f) separating the hydrophobic stationary phase with
t he adsorbed col |l agenase type | and type Il proteins of step (e) fromthe
extracted solution; (g) eluting the collagenase type | and type Il proteins
fromthe stationary phase of step (f); tdhereby purifying the coll agenase
type | and type Il proteins. A second aspect of the inventionis a
preparation conprising enzymatically active C ostridium histolyticum
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first defi ne(jieﬁ);yedaﬂ)énpf)ftlhbaeﬁiﬂﬂcld)rﬂ,lsétlf@ﬂﬁbae{&z forth bel ow. The present
invention refers to the C h| stol ytlcum collagenases (EC 3.4. 24. 3) of type

| and type Il -as reV| ousl en, EEE van %ﬁ {:2

Bi ochem stry é@’ f@sﬁﬁt) mv% % and I%OI}/ tﬁum ‘-[Sma an E{: 43) EOf
typeI and typell as prev10usly given in Bond M, D van Wart H., E.
Biochemistry 23 (1984), 3077-3085 and Bond, M., D. van Wart, H.. E,
Biochemistry 23 (1984), 3085-3091.

The term “comprising” is used in the description of the invention and in the claims

to mean “including, but not necessarily limited to”.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e. to
«

at least one) of the grammatical object of the article. By way of example,

compound” means one compound or more than one compound.

When designating a range of numerical values such as a concentration range, the
range is indicated by the word “between”, followed by a first value nl and a second
value n2. The lower boundary of the designated range is understood as being the
value equal to or higher than the first value. The higher boundary of the designated
range is understood as being the value equal to or lower than the second value”.

Thus, a value x the designated range is given by nl <x < n2.



Bi ochem stry 23 (1984), 3085-3091. The term "conprising” is used in the
description of the invention and in the clains to nmean "including, but not
necessarily limted to". The articles "a" and "an" are used herein to refer
to one or to nore than one (i.e. to at |east one) of the grammatical object
of the article. By way of exanple, "a conpound"” neans one conpound or nore
t han one conmpound. When designating a range of nunerical values such as a
concentration range, the range is indicated by the word "between", foll owed
by a first value n 1 and a second value n2. The | ower boundary of the

desi gnat ed ram@mtis&tadrrdhﬂszﬁse,ddisamdhxeiongthahehe teah teboadUialcotnbimariohiwgther t han
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otherw se, it combimates S\Ilt(hoéjntlﬂaltlcaﬂ hﬁué @I dBsc aiaeutprefme&@ﬂibbmiehoaf Weth a
nunerical value n.in |ca§ es .a.val er;uit e | tergahé%ven by the nuneri cal

val ue 5% of tRENHAP (R Vafueofn s mo p erged, If pot ipdicatg 8* n. In case the

term"about" in combination with a nunerical value n describes a preferred
enbodi ment of Anheo arigvidentifiortiont ises theltheseddtten ablyeviargans ps eviel ras ¢hf, single-not
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abbrevi ati ons _as wel | e. Si | ef t er al pha am no i.e.,
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and one or nonelel“a&ugnei |n€i§tureT 2o 16 OHIES tHel wnagem)é fi6teirRadré |p@hﬁéﬁ Reteinf | ed”
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The |npur|ty|clue is not I'imted hi stol yticuniprotein, a
pol ypepti de ~ GXYENS {5 %ﬁ?lp(lﬁ“’t“ﬁ@r? Wbé‘imlbrﬂsé%‘éi"ﬁ%e igrefitidaci d, endot oxi n,
exot oxi n, phage conponent, etc. As used herein, "protein"” refers generally
t o pol ypepti des Hapufiy” is a material that is different from any of the desired proteins. The

impurity includes, but is not limited to, a C. histolyticum protein, a polypeptide
other than any of the target proteins, nucleic acid, endotoxin, exotoxin, phage
component, etc. As used herein, “protein” refers generally to polypeptides having
more than about ten amino acids. Each of the collagenase I (“collagenase type I”)
and collagenase II (“collagenase type II”) proteins including each of the respective
isoforms, under the provision that the protein is characterized by a collagenase
enzymatic activity, is also referred to as a “desired protein”, a “target protein” or a
“protein of interest”. An example therefor is any one of the collagenase proteins,
according to Bond, M., D., van Wart, H., E., Biochemistry 23 (1984), 3085-3091.
The plural form of any one of the terms “desired protein”, “target protein”,
“protein of interest”, “collagenase enzyme” or “collagenase protein” refers to the
collagenase type I and type II proteins altogether, if not explicitly stated otherwise.
By “purifying” a protein from a composition comprising the protein and one or
more impurities is meant increasing the degree of purity of the protein in the
composition by removing (completely or partially) at least one impurity from the
composition. According to the present invention, purification of the collagenase
proteins is performed by a process comprising ammonium sulfate precipitation,

hydrophobic interaction chromatography, and cation exchange chromatography,



nore than about ten am no acids. Each of the collagenase | ("coll agenase
type I") and collagenase Il ("collagenase type I1") proteins including each
of the respective isoforns, under the provision that the protein is
characterized by a col |l agenase enzymatic activity, is also referred to as a
"desired protein", a "target protein" or a "protein of interest”. An

exanpl e therefor is any one of the col| agenase proteins, according to Bond,
M, D, van Wart, H, E , Biochemstry 23 (1984), 3085-3091. The plural
formof any one of the terns "desired protein”, "target protein”, "protein
of interest", wheobyagenassfienpynetpornrd getbagahds ety gtagiiqularr efder.sAt o t he
col | agenase ty‘Bﬁriﬁcaﬁ?ﬁl, stt:éa@eisl Earpr(m BleNSveit 9Qﬁﬁ&%5n #Jocégptreﬁfft Sé Gty stated
otherwise. By "purifying" a protein froma conposition conprising the
protei n and onBoBPsensERise fampRpitioneef s hgohrtumnedllegespisg iped adgkeellof purity
of the protei protwink.NeccofRgIRSiHeh Prediyt heBthH@néGRMBhRLEtyN,of plR&id isal | y) at
| east one | rrpu‘ri;[i%{ ftr ngn'g h(g 59 %sci h;l an. ,tAcc?r d%g% tqo tBe pr esegtt

i nvention, purfti e todiomigeensid g1 QuALse RS T SRS ORS T ROFEMFST RISy a
process conpr itsihegogeneitmibyrwayudffat aldgieel pid atbsayuent igppbpiiobieschangeer act i on
chromat ogr aphy., o %HYQn exchange chromat ogr aphy, .-8- whereby the
purification steps are perfornmed in this particular order. A "purification
step"” is part of the.overall purifjication process, resulting.in a.
hompgeneous” TS PrORRgRBhY R P s RAML B MAEEALLR!S JEBEISEAG type |1
prot ei ns. Accandiunglsysepasined frorestbat solutesain hberogeneciy s reanpasiiffiraites m pr ot ei n
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are purified to honogeneity by way of an additronal an §ubsequen step of
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process by whisght as §ebipsur fol MEEFESGE intbradion b ehWER dnd IRRAMdaRGsdfhiom ot her
solutes in th% m,xt.ure as .alrfs?)l t of dllff.er enc :‘:f{] rates at hY\/m ch the
ndli vi dual solie B BYRIRR iRftig Put aegpal it B eriede st Ryl um under
t he i nfl uence wkivan niuridk) qpdasHate @e.g.i ambomdmamdfate). Wseuspd beress EslveAt” "sal t"
is a conpound : i I b . t useful
for the i nventr%%{]swlg%cl (ltl(iemt%{&? Ee:‘%ggﬁr%%tg pfi?{]‘l(ﬂ‘?%d&f%g%%qlggr ?ndéé&?glf) grgé.%tggjdi um
chloride, calsepsi#RceHPROHE)2 wHHiogul fate (e.g. ammoni um sul fate). As used
herein, "solvent” refers to a |liquid substance capable of dissolving or
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"i on-exchange" ;and ."i on-.exchange ¢ mat erns to th

chromatoérap ic ‘process=in ng[il(i) TBSRAL %Pﬁll%gregte{such as a proteein) in a
mixture interacts with a charged compound linked (such as by covalent
attachment) to a solid phase ion exchange material such that the solute of interest
interacts non-specifically with the charged compound more or less than solute
impurities or contaminants in the mixture. One or more contaminating solutes in
the mixture (impurities) elute from a column of the ion exchange material faster or
slower than the solute of interest or are bound to or excluded from the resin relative
to the solute of interest. “lon-exchange chromatography” specifically includes
cation exchange, anion exchange, and mixed mode chromatography. An “ion
exchange material” refers to a solid phase that is negatively charged (i.e. a cation
exchange resin) or positively charged (i.e. an anion exchange resin). The charge
may be provided by attaching one or more charged ligands to the solid phase, e.g.
by covalent linking. Alternatively, or in addition, the charge may be an inherent
property of the solid phase (e.g. as is the case for silica, which has an overall

negative charge).

By “solid phase” or “stationary phase” is meant a non-aqueous matrix to which one
or more charged ligands can adhere. The solid or stationary phase may be a

purification column, a discontinuous phase of discrete particles, a membrane, or



chromat ographi ¢ process in which a solute of interest (such as a protein) in
a mxture interacts with a charged conpound |inked (such as by coval ent
attachnment) to a solid phase ion exchange material such that the solute of
interest interacts non-specifically with the charged conpound nore or |ess
than solute inpurities or contamnants in the mxture. One or nore

contam nating solutes in the mxture (igpurities) elute froma colum of
the ion exchange material faster or slower than the solute of interest or
are bound to or excluded fromthe resin relative to the solute of interest.
"Ion-exchangeﬁhhﬁ@ﬂﬁkﬂgpbphyhms@dckﬁﬁnaﬁthbmdwqmexindadépﬁwﬁwﬁMﬁ&ge ani on
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to a solid phase exchange resin)
or positively (ehgogadl %ﬁ@@egbﬁiaﬁﬂﬂﬁyéwé 3R @EnPdY$ﬁ@m@HEr@%mnﬁay be
provi ded by abbﬂﬁmbQ@i@ﬁﬁm@ksapﬁ@(ﬁbﬁ@gad Ilgands to the solid phase, e.g.
by covalent linking. Alternatively, or in addition, the charge may be an

i nherent  pro e‘rctat){on %xchg' gg I’QSIlIll -d epelpsgts 0 3 go%fi%&ase wl|11§b, }shneega, el G . élalnldCa whi ch

has an over al ne 0 ary phase" is
meant a non- acebu WNuﬁﬁKRGﬂ®nmﬁnéﬁhQME‘Wﬁhﬂﬁomen@hangﬁmsMﬂg@ndsﬁwén adher e.

The solid or %L@ftdrqraﬁ)rughmdwsebﬁ rﬁgatwrylcﬁalg@& 11 'ﬂd%@ﬂa&ﬁm to@héigo%eontl nuous
phase of dlscrgte particles, nbr ane, etc ﬂ? npl es of
u

materials for PPEEAR ARt M E%‘PP&X 3%eeref’1ﬁdp‘i}’dé gp(?Fy‘scé& Hategussultondieh as
agar ose and c@bhuhasﬁﬂyaamdﬂethﬁﬂla&ﬁhq&neﬁﬁdymmﬁabmﬁoﬁahﬁﬂqesd&uﬁa as

silica (e.g. é&gﬂ”oégxleigp)og; Mol i35y 2 sé’ (& V§Pe§herﬁ'{ Vzi@é’ﬂ&?-ﬁ@?eﬁ%w

pol yacryl am d es and derivatl ves o he “above.

"cation excha@gépr éEPHARQéE“é‘r HI¢H RERFSIRMANRES endsitlphond mergfépnhzv@loy char ged
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sol uti on passe over or t hr ough, t.he Q. Ildﬁg(ﬁé Abne at.i vel, charged
ligand at t ach&d®® dOrh¥lddthate Vhithss OBlendY metiedoutth sATKEHAGES 1*88i n may,
e.g., be a cahpdxphatiemoietisul f onate. Commercially avail abl e cati on exchange
resins include carboxy-nethyl-cellulose, sulphopropyl (SP) inmmobilized on

agarose (e.g. TﬁE’ téEF%BQS&IMIFg“%HFH ed%réﬁ’m ﬁﬁgmﬁ%ﬁlyh%@ gﬂ?’zCRMANCE)

and sul phonyl | 1zed on ~agarose ROSET
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nmodi fi ed w t hqeatinaRi £aind @iduph,Gttadied thetytd Qph@BICRIfBYa8hb1€8nion exchange
resins include DEAE cellulose, QAE SEPHADEX™ and FAST FLOW Q
SEPHAROSE™.

A “buffer” is a solution that resists changes in pH by the action of its acid-base
conjugate components. Various buffers which can be employed depending, for
example, on the desired pH of the buffer are described in Buffers. A Guide for the
Preparation and Use of Buffers in Biological Systems, Gueftroy, D., ed. Calbiochem
Corporation (1975). In one embodiment, the buffer has a pH in the range from
about 2 to about 9, alternatively from about 3 to about 8, alternatively from about 4
to about 7 alternatively from about 5 to about 7. Non-limiting examples of buffers
that will control the pH in this range include MES, MOPS, MOPSO, Tris, HEPES,
phosphate, acetate, citrate, succinate, and ammonium buffers, as well as

combinations of these.

A “loading buffer” is that which is used to load the composition comprising the
polypeptide molecule of interest and one or more impurities to the ion exchange
resin. The loading buffer has a conductivity and/or pH such that the polypeptide
molecule of interest (and generally one or more impurities) is/are bound to the ion

exchange resin or such that the protein of interest flows through the column while



The term "ani on exchange resin” is used herein to refer to a solid phase
which is positively charged, e.g. having one or nore positively charged

| i gands, such as quaternary am no groups, attached thereto. Commercially
avai |l abl e ani on exchange resins include DEAE cel | ul ose, QAE SEPHADEXTM and
FAST FLOW Q SEPHARCSETM A "buffer” is a solution that resists changes in pH
by the action of its acid-base conjugatg-conponents. Various buffers which
can be enpl oyed depending, for exanple, on the desired pH of the buffer are
described in Buffers. A CGuide for the Preparation and Use of Buffers in
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such that the g ef eguradftoirétheévesabstddt@alysall intpowicits dndehepdlypaptiddiof iateresttO t he
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to a buffer lr}g()eréﬂ%elo e{cﬁg%gr%r?seyeqw | ibrate the ion exchange resin, prior to

eluting the polypeptide nolecule of interest. Conveniently, the wash buf f er
and | oadi ng buffeeerm reapdpetivitie refereo theabilifhefani aquaess splagan fedondat are| ut i on
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the solution may be altered in order to achieve the desired conductivity. Preferably,

the salt concentration of the various buffers is modified to achieve the desired

conductivity as in described in the Example section further below.

By “binding” a molecule to a stationary phase (such as a hydrophobic interaction
material or an ion exchange material) is meant exposing the molecule to the
stationary phase under appropriate conditions (pH/conductivity) such that the
molecule is “adsorbed” or reversibly immobilized in or on the stationary phase.
This can be effected by virtue of hydrophobic or ionic interactions between the
molecule and a functional group or groups of the stationary phase. By “washing”
the stationary phase is meant passing an appropriate buffer through or over the
stationary phase. In a preferred embodiment of the invention the target proteins
remain adsorbed to or on the stationary phase during the process of washing. To
“elute” a molecule (e.g. a desired polypeptide or an impurity) from a stationary
phase is meant to remove the molecule therefrom by altering a parameter selected
from the group consisting of the composition, conductivity, ionic strength and pH
of the buffer surrounding the stationary phase such that the molecule is released

from the functional group or groups of the stationary phase.



transport. Therefore, with an increasing amount of ions present in the
aqueous solution, the solution will have a higher conductivity. The unit of
measurenent for conductivity is mlliSienmens (nS) per centineter (nS/cn,
and can be nmeasured wusing a conductivity meter. The conductivity of a
solution may be altered by changing the concentration of ions therein. For
exanpl e, the concentration of a bufferiipng agent and/or concentration of a
salt (e.g. (NH4)2SO4, NaCl or CaCl2) in the solution nay be altered in
order to achieve the desired conductivity. Preferably, the salt
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i's neant passing an appropriate buffer through or over the stationary
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group or groups of the stati onary phase. -11- The present invention provides
met hods for pﬁPPf?Q%&naéﬁE?ﬁﬂ?sl cally active collagenase proteins fromC.

hi stol yti cum culture supernatant, filtrate or the like, i.e. a conplex
sol uti on conpin sfintembddimgeneske inygeion cammatqgn@hﬁd ptp'rfaatécirnis pasedtddgol ved
matter. 1n o defantiflodibfll LuRfobRBpXildn dbOGH! falif OPLighiRLAT NS the
conplex solution I's cooled t enpera ure o 2C ang
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interest is o rom undesi r ed n;gonent .S in the

sol ution is ug%]%lr?ae c%&q%mﬂeéﬁ?ﬁgr rilgprgapuate comprising the collage € proteins Is

formed, in the presence of ammonium sulfate at a concentration of between 2.6 M
and 2.8 M (the target concentration of (NH4),SOs).

Ammonium sulfate precipitation is a method of protein purification by altering
solubility of protein. It is a specific case of a more general technique known as
salting out. Ammonium sulfate is commonly used as its solubility is so high that salt
solutions with high ionic strength are allowed. The solubility of proteins varies
according to the ionic strength of the solution, and hence according to the salt
concentration. Two distinct effects are observed: at low salt concentrations, the
solubility of the protein increases with increasing salt concentration (i.e. increasing
ionic strength), an effect termed salting in. As the salt concentration (ionic
strength) is increased further, the solubility of the protein begins to decrease. At
sufficiently high ionic strength, the protein will be almost completely precipitated
from the solution (salting out). Since proteins differ markedly in their solubilities at
high ionic strength, salting-out is a very useful procedure to assist in the
purification of a given protein. The commonly used salt is ammonium sulfate, as it
is very water soluble and has no adverse effects upon enzyme activity. Ammonium

sulfate can be added as dry matter while continuously stirring the liquid phase.



conbi nati on of different chromatography techni ques. Undesired conmponents

i nclude residual constituents of the culture nmedium (such as proteins,

pept one, carbohydrate and ot her conpounds) or other proteins produced by
the cell (i.e. non-collagenase proteins). In a first enbodi nrent of the

i nvention chromatographic purification is preceded by an amonium sul fate
precipitation step. By way of precipitatijxon, a significant portion of

undesi red conponents is separated fromthe coll agenase proteins. In the
liquid culture supernatant, filtrate or the like (also collectively referred
to as "cl ear etlterndtively cansmpeiumasudfate chn he pddediapi tcan@nuanpsolsiing etghes a

col | agenase prQhgids a ng§e0u§ %mﬁgln pr@fe;alag, PN?@ 1s%fddmlrfﬁ'3h§§r’|ot'&tae at a

concentration of target_concentration of

(NH4) 2SO4) . ArRfSiR Lﬂfnaéwtf@tr@mpﬁo FSHPlétci“Berl ypgrnpidih G4 rae opihtldsenand
purification biissalve®theredn, i1 6tddbiol redch thd tafleOdoitdhtratibn bs(NHJPER) fic case of a
nore general technique known as salting out. Amoniumsulfate is commnl y

used as its so qtlgleﬂd séhﬁﬁn %&P{ansa]t}ntm%? §<?r1c%ntra?19>lnbl§‘f'b%ﬂ»§ee¥1“ é‘Mthgl ng o th

strength are al otelns varies ‘accor
i oni ¢ st rengt theprecipdtaigds attavse to éﬁmﬁ fﬁ’éﬁ@éflﬁi:@%b%ﬁvﬁg abgut Hemippgnd about

concentrati on.3ghwe. q“hgtpkéaq;tua@ﬁflﬁgﬁe& artﬁerpkamy@sy c@{mh@%&%ﬁd then the
concentrati ons, t he.

ltu ey f. ﬁr ot(gl n i eﬁaseﬁl wi t.h._increasing
salt concent raatrP’Bﬂm(lfn B Terf8P‘-eé’§r|aH‘§” i iBFEeS 2K ‘tmnS at Wil Reeeipitqte Masteq
salting in. Asoft e gaittincendentestatvhidn leivand che shaxénginhhmioanti e rgasad

further ne, SQRRbhldY (A o BERROYFL BiBALET ol RAPLARRS s Mloyalf{} of ent !y

hi gh ionic stren preci pi tated
fromthe sol utqeaﬁlfe&aézpma d@wﬂ\aed usfrw@évuffﬁrofpéihqgleﬁusfagepf P} Iééf@nry intheir
solubilities at high ionic strength, salting-out is a very useful procedure

to assist in ths tephiighd @a‘safﬁmothcalygkmeﬂ l@rrg@hﬁnbﬁnts];h&)rﬁmm Iyrouaslﬁd salt is
anmoni um sul f at e, vers fects

S It S NOo, a
Spon enzyne ac%S.avf.”?tgteP b Pt paeaR R e BvaRan 2ol GG Bt EbB B el T
conti nuously sduringi katgr tSh@eﬁl pﬁ]mudﬁ@hlaseto congentrate protein i fvarh ydiluggrmelniierm sul f at e

can be added at%ll&m‘ﬁ@'b?&@&ﬁﬂ S hSRIML 180 akl ofer @hroﬁﬁ%dg!iﬁath?cdseﬁﬂ'é@&{ls
solution. Preferably, (NH4)2SO4 is added continuously over a period of

about 30 min t8hH¥EH quid cul ture supernatant, filtrate or the Iike, and
di ssol ved therein, in order to reach the target concentration of (NH4)2SO4.
Aft er adj ust i nGhmmaargeaphiy taahsiluka bepacon aexthireataf gmoteins et theadrasiz.ob tiand 2. 8 M

the precipitatg,js @ldQRhhRph8Lily, OF side REV AR e RIS RARP relifls M N and

about
are available for each of these techniques, allowing accurate tailoring of the

purification scheme to the particular protein involved. The essence of each of these
separation methods is that proteins can be caused either to move at different rates
down a long column, achieving a physical separation that increases as they pass
further down the column, or to adhere selectively to the separation medium, being
then differentially eluted by different solvents. In some cases, the desired protein is
separated from impurities when the impurities specifically adhere to the column,
and the protein of interest does not, that is, the protein of interest is present in the

"flow-through."

Ion-exchange chromatography, named for the exchangeable counterion, is a
procedure applicable to purification of ionizable molecules. Ionized molecules are
separated on the basis of the non-specific electrostatic interaction of their charged
groups with oppositely charged molecules attached to the solid phase support
matrix, thereby retarding those ionized molecules that interact more strongly with
solid phase. The net charge of each type of ionized molecule, and its affinity for the

matrix, varies according to the number of charged groups, the charge of each



30 min. The precipitated protein is then renoved by centrifugation and then
the ammonium sulfate concentration is increased to a value that w |
precipitate nost of the protein of interest whilst |eaving the nmaxi num
amount of protein contamnants still in solution. The precipitated protein
of interest is recovered by centrifugation and dissolved in fresh buffer
for the next stage of purification. Thi.gstechnique is useful to quickly
renove | arge amounts of contam nant proteins, as a first step in the
purification schene of the invention. It can also be enployed during |later
st ages of pur igfdupatidthe matugonictbanrddceleprangting forantediction evitbsheithagged

fol I owi ng progaqyﬂskﬁ%e SHED, SRcdBlitckdlcly LI A0 Vo ks OHAL AR P C

separation ues Chr omat ogr aphy_t echni ques separate m xtures of
proteins on tRE l?&sﬁxé wet%?mam&lﬁa%eln JBURE IO GisHER dsing | 08r  si ze.

Several diff ereitanghttRombgraphy)ya megineSof rﬁarr@ }ﬂmldsabheed‘ fromeadbstqtllt hese
t echni ques, al| qw.ng accur te t purificati on sch‘g to the
fon

particul ar prdte # Fnvorvéd™” ﬁ%ﬁcuhureé 1%%""11155«3 10-eyfaggs < ‘érB%r
met hods is thabnpintied meoleates bae omslzddawdyt hendltlonsrrweachustdi, fsdr @ntbyr at es
down a long cQ hél@u lﬁ@%ﬁ}{!ep%nacolﬁ@é{ﬁfaﬁéﬁ a§d?91%r1§<% iO%ep %@tgrdd%’E SRRES0AS they

pass further cou , or toa&gre selectively°to the separation
medi um bei ng e Ff’ﬁ%ﬁoﬁﬁ the splichpiasg ¢ porsrrckigallyyre@ines oF &iprded Iangse $TO®IR sone
cases, the dest ﬁr&@kenrmaebpshratsag is &joat pitolednd lﬁz@fﬁgl difderentt d}ﬁﬁgevmneﬂact@hﬁlcs npurities
tsﬁgfl T Isca![ lhg pgll?enr eeXCBO ge c n?atg%ra]?hg 1nV(()Zives c?mr%rt?t%l(ﬁl cr)]f a,nf illlllgltlf %ecuﬂe <§‘f5 not,
| on- exchange emfmﬁfaw@lg rth?)hygatlﬁ‘aﬁ@@tﬂolont fhe igigrabEaTy wabl eep@@u\rdYeﬁhaog? is a

procedure applnh&@éaleemtaalee% kel s6Rd p1oRe Rhtrixoi uzea}m anfﬁﬁﬁd%? me%nmh@ﬁu #ad
nol ecul es are Farate on the basjs of the non- 5{231 fic electrostatic

i nteraction ofpa{tﬁé FERYAYEY pr@?eéhp]‘s\y WORHasHp BNt EKS2RHa Gt &Y es
attached to t hevobeb tanphizies osupthtc matedutd Of,mt'éﬂ%ﬁihﬁﬂythé pbdtivh dogntehipse i oni zed
nol ecul es that. in [ Jiong SO hase. n arge of
each type of If%rnei éga@&nt}, gl?i{ﬁ%d?ﬁ a%e%l?o the soi gggasg%am;htethe gh vgr
according to tuméernthnﬁ@rdMnsaﬁarp@wu@r erppEation ﬂ?é)ce&ﬁahv@@dolﬁoct%@h exchamge gr oup

and the natur%hm‘ma& apB! 86 @ h& aamsttal d@%‘u@a&lohmf%@&{ hinambh Bxdhhggechar ged
solid phase nm r| X. Th se di.f f.erences res in regol ut.i on Q:rel%arl ous

mol ecul e types r%@ﬁt?w S BRdRgE ¢ %f%%@gﬁ’%aww Ppsdeardprefeit 2
purification uslidhghisenuppxc hange te ivhoddais agvaotly, atachmdx;t utigtued ofreatiponpr ot ei ns

derived from %xnﬁﬁée, ¢8bh exchange, and hydrophobic interaction moieties.

Hydrophobic interaction chromatography (also referred to as “HIC”) is a
separation technique which uses the properties of hydrophobicity to separate
proteins from one another. In this type of chromatography, hydrophobic groups
such as phenyl, octyl, or butyl, are attached to the stationary phase. Proteins that
pass through the column that have hydrophobic amino acid side chains on their
surfaces are able to interact with and bind to the hydrophobic groups on the
column. Typically, in a HIC separation a buffer with a high ionic strength, usually
ammonium sulfate, is initially applied to the column. The salt in the buffer reduces
the solvation of sample solutes thus as solvation decreases, hydrophobic regions
that become exposed are adsorbed by the medium. The more hydrophobic the
target molecule to be adsorbed, the less salt needed to promote binding. To elute
the adsorbed proteins from the stationary phase, the salt concentration is decreased
in order of increasing hydrophobicity. Gradual decrease can be applied in the form
of a gradient. Additionally, elution can also be achieved through the use of certain

organic modifiers or the use of a detergent.



such as in mammualian cell culture, is applied to an ion-exchange col um.
After non-binding nolecules are washed away, conditions are adjusted, such
as by changing pH, counter ion concentration and the |like in step-or
gradient-node, to release fromthe solid phase a non-specifically retained
or retarded ionized protein of interest and separating it from proteins
havi ng different charge characteristics.;j4.Ani on exchange chromat ogr aphy

i nvol ves conpetition of an anionic nolecule of interest with the negative
counter ion for interaction with a positively charged nolecule attached to
the solid phader M€y thx s@tiondre phide anapahidef fotrthimg hgdipholwin snterictions paht | cul ar

separation pr QR SnolI& OPhds ?ﬁtera&?otn' QP &?SC\D&EQS v&rfqerro}qi%@ - aRfAion! SvOl ves

COpretl tion of cationi c_nol ecul e O I nt erest OSI tl ve counter ion
for a negatlvéﬁy" Ehahg elifien| el énahw&mbéblq@tﬁtr%w%l ﬁ%&tSpwagb patetex at the
pH and under Hybgpbekigi inte@t$iond iaclpd t(incu{eabrcseepar @ﬁdlloﬁbﬂ)lE}DCt@Sé}haMexed node

ani o exchangd C BTG sarap kL mera b N B R R Ceurr

"m xed-node" refers to a solid phase support matrix to which is covalently

attached a mi xtlihoaglof revarsedn pPhasec edngeatogiplon  endchhydjephebid  hyeredsinobi ¢
i nteraction nohesh&s raﬂTMdJr@R@ goiimilhN e BEhEOT cheRERHRAE 2RMM L84 gshy ef erred

t "H C' h wh t f

hydr ophobi c.)tl}%l?fﬂgé it }H%B%Exdi?ﬂ?%m?ﬁ %}%zlgﬁfgtlﬂéﬁmgﬁoﬁFrg'ergf}wg of
chr omat ogr aphychrdydogrpptobThis ghahilgsshyd sipbbbia tghaivn chr@nstggraploy tolxtie yde, ar e
attached to thg nﬁ&rg%oodé?a te/ elﬁhéégmfg sehﬂﬁchtd*aaﬁot tdﬁs‘?ép% i Qrgglg n%ﬁ@ gol um

t hat have hydro re able to
i nteract vuttlﬁﬂmh bnﬁéﬁﬂﬁd@%EOWVHPbﬁhéﬁWﬁf@ﬂ@uw§{6hHKh@€SE@VﬁﬁﬁARﬁyplcaIIy,
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regions that becone exposed are adsorbed by the nedium The nor e
hydr ophobi ¢ t he iniprget adwehiegaupmvided be thedgerhieidyertive i$ as sptgmlztd patided t o

pronot e bi ndi rtgrrlﬁIﬁlo%l Whith 5h§uﬁﬂ§ Qéﬁgﬂespd’l&rt@ﬂa% aét[\@t?‘f;cnﬁ thd %l]ag’é}ﬂgey phase,
the salt concentration is 5% eased n Oi I ncreasi ng ophobicity.

Gradual decr ed¥&e¥an @és’aﬁfﬂr? opyof 1{ee 19 ‘i‘ﬁen%)“'F Hm@?r”é‘dldé’ﬁ‘flg fEEBhal |y,
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form ng hydrop |8W}r1 eractToRs

A method for purifying Clostridium histolyticum collagenase typel and

type II proteins from a complex mixture, comprising the steps of

(a) providing the complex mixture dissolved in an aqueous liquid phase;

(b) forming a precipitate of collagenase typel and type Il proteins by
dissolving ammonium sulfate in the liquid phase of step (a);

(c) separating the precipitate of step (b) from the liquid phase;

(d) dissolving the precipitate of step (c) in an aqueous buffer comprising
Ca® ions and a pH between 6.0 and 8.0, and adjusting the
conductivity of the buffer with the dissolved precipitate to a value of
between 50 and 300 mS/cm, thereby forming a complex buffered
solution comprising collagenase type I and type II proteins;

(e) extracting the complex buffered solution of step (d) by contacting the
same with a hydrophobic stationary phase, and adsorbing collagenase
type I and type II proteins to the stationary phase;

(f) separating the hydrophobic stationary phase with the adsorbed
collagenase type I and type II proteins of step (e) from the extracted

solution;



ot her nol ecul es. These interactions are too weak in water. However, addition
of salts to the buffer result in hydrophobic interactions. Salts which

i ncrease hydrophobic interactions include (in the order of their ability to
enhance interactions): Na2SO4, K2SO4, (NH4)2SO4, NaC, NH4CLl, NaBr, and
NaSCN. Al t hough reversed phase chromat ography and hydrophobic interaction
chromat ography are very simlar, the ligands in reversed phase

chromat ography typically are nuch nore hydrophobic than the ligands in

hydr ophobi ¢ interacti on chromatography. This enabl es hydrophobic

i nteraction chromat@gr elphiyg the doHegensse typefl and twe dbpietatseirah uhd gaticendi t i ons,
V\ﬂi ch ]go not ]gi Srupt tPgasggpglgélg(fnearl y as nuch. hA plref er redhst a][i onary
phase for performing HI Cincludes TOYOPEARLT" _ Phenyl - 650, Pheny
SEPHAROSETM CL- 4B, ﬂmé}muﬂ%m&%ﬁmﬁmee wpSTEto L PIIEER- SUB) and Pheny!
SEPHARCSET' 6 FAST FLOW (LOW SUB). An inportant advantage provided by the
present inventidon iTheartloptdcoordeg tpéemilathargarizéd tahatomepib) shpefartédcul ar | y
separates clostripaln: i Vi g tej u
degradati on of the%kglﬁggggéééh%ﬁ%%ﬁ%e%ﬁlrn!’(%g&gﬁ%gaetat%{e%tcgh%zlp?q{hcg ion
steps is m ni m zedbetwsen ghausdd Mepdpbout  BMppersanelerred egiveenrabewindt Mses  t he
followi ng aspects and aBo&f 28 MeAheRBP Y e preciftAREOAFrN AlGidaYd NY
Clostridiumhistolyticum,col |l agenase type | and type Il proteins froma
conmpl ex mixture, chS’FR? P8l AP {HEOEMps of (a) providing the conplex nixture
di ssolved in an aqueous liquid phase; (b) formng a precipitate of

col | agenase type | Thadnetlgybactordmgad diems?, biarad¢rizsdlinvfhatibaweondbont 401g at e i n
the Iiquid phase of;nghE6dut 459 5 of MAmSLRAT AlrhRIrel IQOINELSI 1RIGE Y Ed Phasit €P (D)
fromthe liquid phase; (d) dissolving the precipitate of step (c) in an
aqueous buffer conprising  Ca 2+ ions and a.pH het n.6.0 and 8.0, and
adj usting the 4-COH&8W?}E‘B‘§/%§P@%%%% ‘égrjthﬁﬁ“lgﬂ’sgh@\,d\‘é?’s%fa\?@&"ﬁlr EciBitate to
a val ue of betweenftBOstamdc)300theSlissnivablbenetey of oheripragipitaeothp | dostripafd er ed
sol ution conprisin -1 d oLel Ns; racting
t he conpl ex buffer%él&g%l ut i_?%i?l'ﬁgfs %ggcﬁhgg?d %%/%gggl)ggfp%nné(?%’ﬂcgIS%?&%?Q}(\%th a
hydr ophobi ¢ st at i ofEPic pHige is radiered 8% afastag! boeergklase abeyid®0y relative t ype | |
proteins to the sta}inaspeciasBicolytit aSBMasah tNditdReddmpRAGRIKESbHAL | onary
phase with the adsor be(\d) col | agenase type | and type Il proteins of step (e)
from the extractedStP @

5. The method according to item 4, characterized in that the clostripain

proteolytic activity is reduced by a factor of between 100 and 150, and the
tryptic activity is reduced by a factor of between about 200 and about 400.

6. The method according to item 5, characterized in that the clostripain
proteolytic activity is reduced by a factor of up to 150, and the tryptic
activity is reduced by a factor of up to about 400.

7. The method according to any of the items 1 to 6, characterized in that step
(c) is followed by a further step (¢’) comprising storing the precipitate at a

temperature of 10°C or lower.

8. The method according to item 7, characterized in that the temperature of
storage is between 10°C and -20°C.

9. The method according to item 8, characterized in that the temperature of

storage is -20°C.

10.  The method according to any of the items 1 to 9, characterized in that in

step (d) the aqueous buffer comprises Ca’* ions at a concentration of 5 mM.



solution; - 15 (g) eluting the coll agenase type | and type Il proteins from
the stationary phase of step (f); thereby purifying the coll agenase type |
and type Il proteins. 2. The nmethod according to item 1, characterized in
that step (b) is performed by dissolving in the liquid phase anmoni um
sulfate at a concentration of between about 2.6 M and about 3.2 M nore
preferred between about 2.6 M and aboutije2.8 M thereby formng the
precipitate conprising collagenase type | and type Il proteins. 3. The

nmet hod according to item 2, characterized in that between about 417 g and
about 458 g ofllammdihe umtked f@omling te adiy 96 Hlevitethsi Into1101 clfradté¢ripad ¢h gange. 4. The

met hod accordi ng t QieBN¥)Othe tRBedsCHBfed BRrides £NAHREL LEMbEEH icha‘bRan, after
step (c¢) in the di sbs‘?fl vabl e matter. of the precipitate the clostripain
t

proteol ytic acti vi png 18 4hcaBsaRf PAl ¢ 9% dr of between 90 and 150, and the

tryptic activity is reduced by a factor of between 100 and about 400,
relative to tRe r&3peonkihvd prcotdied yo i icenactli vihhiaerizad tilnethdi sksolbuéer conpl ex

mxture of - Step (2myGundBEBRPHACCRELAY gl om 4. characteri zed i

that the clostripain “proteolytic activity Is reduced by a factor of between
100 and 150, and th tryptic activity i.s reduced by a factor of between
about 200 and la”boutT?l&e@e.tf\{%f acPARIMEOHGY Oéé}lf’dFe&?Snlgtot]c?YFlﬂaé?'ﬁt?I}Ze‘éHhFh&&t%ri zed in
that the clostri paistep (f) e aghastub Buffed tcbmiptiyes a Huffedisagduby sdedalcren thf up to

190, and e LTYRU houRShihidol fes FOSCRIPN Al eRED. Shu Rl ARI 400, 7
(c) is followed by agid},ufish -ASIG'IBDZ((]@YC*IOWOWWI)BTC;P@HMéfdi‘mlg BibEripthg?pi tate at
ah tenPer at uae_ Ofth%ggrogﬁth)?%{ino—&is(ﬂ_mo h?gnﬁz%géﬁlﬁggrrﬁsopfotp%g@ 11,3.d p0c
characterized in a e tenperature of . orage I's be n nd - :
9. The method accordiiy Yérqxgglﬁ‘ihgl,sméﬁﬁ?ﬁ’é‘?‘él’iofé’&?i n thgﬁ\ﬁgﬁe teﬁﬁgg‘ature of
storage is -20C. 1Gwydrbageth@}-pipdraaice ' @i aifarequlfonic of adid)e | MBS 1(2-ON9,

characterized in tr}%ﬁrﬁkﬁinoﬁ&ﬁ&em%n&he aqueous buf f er,;608Pr | ses(%gj i ons at

a concentration of
morpholino)propanesulfonic acid), MOPSO (3-morpholino-2-

hydroxypropanesulfonic acid), PIPES (Piperazine-1,4-bis(2-ethanesulfonic
acid)), TAPS (N-Tris(hydroxymethyl)methyl-3-aminopropanesulfonic
acid), TES (N-Tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid),
TEA (Triethanolamine), and Tricine (N-(2-Hydroxy-1,1-
bis(hydroxymethyl)ethyl)glycine).

14.  The method according to item 13, characterized in that in step (d) the
aqueous buffer comprises TES or HEPES.

15.  The method according to any of the items 1 to 14, characterized in that in

step (d) the pH of the aqueous buffer is neutral.

16. The method according to any of the items 1 to 15, characterized in that in

step (d) the pH of the complex buffered solution is neutral.

17.  The method according to any of the items 1 to 16, characterized in that in
step (d) the conductivity of the complex buffered solution is between 50

mS/cm and 290 mS/cm.

18.  The method according to item 17, characterized in that in step (d) the
conductivity of the complex buffered solution is between 50 mS/cm and
200 mS/cm.



-16- 11. The nethod according to any of the itens 1 to 10, characterized in
that in step (d) the aqgueous buffer conprises a buffer conpound capabl e of
buffering in the range of pH 6 to 8.5. 12. The nethod according to item 11,
characterized in that the buffer conpound is present at a concentration of
20 MM 13. The nmethod according to any of the itens 1 to 12, characterized
inthat in step (d) the aqueous buffer-ionprises a buffer conpound sel ected
fromthe group consisting of BES

(N, N-Bi s(2-hydroxyet hyl ) -2-am noet hanesul fonic acid), Tris

(2- Ani no- 2- ( hyldr oxyiretrnsthypresadios ta iBmdi%| haragiesizrdi i (hai &y step (d) the

hydr oxyet hyl ) am notbﬁdlﬁ;ﬁbﬁymmh\é N iipYex) TRfeR@NBlutio Bl i$ BEtwSeP 5O PABRM( dnd3-

bi s(tris(hydroxynet g‘igé thyl am no) propane), HEPES (N-(2- hydroxyethyl)-

pi perazi ne-N - 2- et H (fi%oni ¢ aci d), MES (2-(N norpholino)ethanesul fonic
acid), MOPS (3-(N- norpholino)propanesul fonic acid), MOPSO (3-norpholino-2-
hydr oxypr opane¥ul f G onetbod pecorliPES> (iPimp &, echimetefized- ini bR irestenrids e oni ¢
acid)), TAPS (N-Tri (igx t f id), TES
(KT 1 5(hydr oxyrmet ﬁi‘f% e, it PGS BRRGSR b DR ok

(Tri et hanol am ne), 50-ci ne (N-(2-Hydroxy-I,1- his( hydr oxyrret hyl ) et hyl)
glycine). 14. The nethod according to item 13, characterized in that in step
(d) the aqueais bllﬂifeeﬁethﬂdTTaCdOSdaﬁg T&ESeor 20iERESctediZed Thhehatrirt kep (dreler di ng to

any of the itens | cI) Yltf&%ﬂ@‘%&r@léﬂﬁ?fe{fg 381'1]?}&1 lsbo t9%pm§/gr}1 the pH of the

aqueous buffer is neu according to any of the itens 1 to
15, characteri zed |n that in step (d) the pH of the co Iex buf fered
solution is nedtrall ef?eth(’ldl’?éc‘?fétniﬂéﬂa%Yc‘tfdP"tj’it%@s Ygoghycharacteriged indhat the t o 16,

characterized in tRatcehftati®t ePahmehonie seléneuc thevtdipled bufieed eomtiex iouf f er ed
solution is bet ween évoenﬁ%l\ﬁ F 290 n5/cm 18. The nethod according to
item 17, characteri2ed 8t ‘'step (d) the <conductivity of the conpl ex

buffered sol ution is between 50 mS/cmand 200 nS/cm - 17-
23.  The method according to item 22, characterized in that the concentration of

ammonium sulfate in the complex buffered solution is about 0.6 M and

more preferred 0.6 M.

24.  The method according to any of the items 1 to 23, characterized in that the
stationary phase of step (f) is a solid phase matrix derivatized with

hydrophobic organic residues.

25.  The method according to item 24, characterized in that the stationary phase
of step (f) is a solid phase matrix derivatized with an organic residue selected

from the group consisting of hexyl, butyl, octyl and phenyl.

26.  The method according to any of the items 24 and 25, characterized in that
the solid phase matrix is selected from the group consisting of agarose, a
methacrylate derivative, a polymerizate of acrylamide, a copolymerizate
comprising acrylamide, a polymer derived from vinyl monomers (vinyl

polymer) and a copolymerisate comprising styrene and divinylbenzene.

27.  The method according to any of the items 24 to 26, characterized in that the
stationary phase of step (f) is selected from the group consisting of
TOYOPEARL™ Phenyl-650, Phenyl SEPHAROSE™ CL-4B, Phenyl
SEPHAROSE™ 6 FAST FLOW (HIGH SUB) and Phenyl SEPHAROSE™ 6
FAST FLOW (LOW SUB).



19. The method according to item 18, characterized in that in step (d) the
conductivity of the conplex buffered solution is between 50 nS/cm and 150
nS/cm 20. The nethod according to item 19, characterized in that in step
(d) the conductivity of the conplex buffered solution is between 90 n5/cm
and 100 nS/cm 21. The nethod according to item 20, characterized in that
in step (d) the conductivity of the conplex buffered solution is about 95
nS/cm 22. The nethod according to any of the items 17 to 21, characterized
in that the concentration of amonium sulfate in the conplex buffered
solution is B&t wethe BeBoNaeedding M it2827, Therastetideddn it Sredlatignary phasem 22,

characterized in thateptdgs p ghgpggprm@@gpmg FA@TTPP@W(DGW'SW e in the corrpl ex
buffered solution is about 0 Mand nore preferred O M 24. The net hod

according to the. itens to 23, .character in stationary
phase of step BY) reé Beui Reoptias e 1&8}5.1@@52@@%%%6 lﬂﬁeﬁaﬁﬁob. c
organi ¢ residues. @bis fdllevedbyhddrtlas cep df Nenipoisingevmsiddg ttehatiacirgphzsed i n t hat
Lhe srationary. phaseuciol SheRy (e Sunafl - PRASSRICL XiolELhy Bl 20 i 1

an organl c residue se ecte consisti ﬂé
octyl and phenyl. p@itraftpd r?eérmomawm 313 bpweawodflS/meaméé H@épnand 25,

characterized in twaéreb;t BSllag e abed typl s d b 11 Xprb&eirsleBfate dddok i fohghegr oUP
consi sting of agaraqse net hacryl ate derivative, a polynerizate of

acryl ani de, a copoftﬁtr‘ﬁﬂ‘l z%hé conprising acrylamide, a polyner derived from
vi nyl nononers (Vi nK pol ymer) and a copol yneri sate conprising styrene and
di vi nyl benzenél. 27Therhethedtahoddiag toiteini?g, theraateyizat intthat the eprslugdvityoof26,

characterized in that,Lhe bﬁ?fé’rtlk %&%bﬁe%@ﬁ?&:eco%uéfvﬁf’ of fhe dotn |lﬁ1@Fe1%q from the
group consisting of . TOY HE é\N Phenyl - 650, Phenyl SEPHAROSETM CL
LEW (

Phenyl SEPHARCSETM! g8 H GH SUB) and Phenyl SEPHARCSET 6 FAST
FLOW (LOWSUB). - 18 28. The nethod according to item 27, characterized in

t hat the stati3donar Yhphadwed aofordingpo afy) of the Raeny aSEPHAROSHErigedRASTat FLOW ( LOW
SUB) . the concentration of Ca®* ions and/or the concentration of ammonium
sulfate and/or the pH of the washing buffer are the same as in the complex

buffered solution of step (d).

32. The method according to any of the items 29 to 31, characterized in that
step (g) is performed by eluting the collagenase type I and type II proteins
from the stationary phase of step (f’).

33.  The method according to any of the items 1 to 32, characterized in that step
(g) is performed with an elution buffer, whereby the elution buffer contains
salt in a lower concentration and a lower conductivity than in the complex

buffered solution.

34.  The method according to item 33, characterized in that step (g) is
performed by applying a salt concentration gradient to the stationary phase.

35.  The method according to item 33, characterized in that step (g) is
performed by applying one or more elution buffers and performing isocratic

elution.

36.  The method according to item 33, characterized in that step (g) the
collagenase typel and type Il proteins are eluted by applying an elution
buffer to the stationary phase, whereby the conductivity of the elution buffer

is about 20% below the conductivity of the complex buffered solution.



29. The nethod according to any of the itens 1 to 28, characterized in that
step (f) is followed by a further step () conprising washing the stationary
phase of step (f) with an agueous washi ng buffer conprising Cat' ions and
with a neutral pH and a conductivity of between 50 nS/cm and 300 nS/cm
wher eby col | agenase type | and type Il proteins remain adsorbed to the
stationary phase. 30. The nethod accordipg to item 29, characterized in that
the conductivity of the washing buffer is the same as the conductivity of
the conplex buffered solution of step (d). 31. The nethod according to any
of the itens 2. andh8Metdvbrcactdarg teadm 36, thratcterizhd ircthat trtcoaduaivitodf Ca 2+

ions and/or the copcentEAlLR: Rbra&menidm, sul fate and/or the pH of the
washi ng buffer are the sanme as in the conplex buffered solution of step

(d). 32. The thog, according to any of .the itens_29 to 31, characterized in
Chai ot ep (o) 0 o (LR FRSTHELAELy CBIEID BABOS BE TEBH § dbahabe e Bledin dih (g pe. 1

protei ns from the cstalek anstuye hgsesdhirtbdrepzyies waB.prdtaelytieidnody.accor di ng to
any of the itens 1 to 32, characterized in that step (g) is perforned with

an el ution buffger, nWherefyd e aldyt {ooﬂeﬁuﬁﬁ,eéhaﬁgﬁh%éd”% A Eheiu#bfngprlée)éd)""er

concentration and a | ower conductrvity than in the conplex b
sol ution. 34. The AHEWGR CHBEBEHAAFIEENS P BIgteolyHa peldtiyr seleaigd iffprm jhg st ep

(g) is performed Byowdppbnsistifg f SctdstripanCBidopadtéifibe JKRAT,EBC 3.020.BF a
stationary phase. 35t. 1The rretah d accor di.@g[ to itterrtl 33, characterized in
that step (g) is p&Ff&dRedHy ggﬁf’yf’ﬁlﬁlecm OP B ¢ uti on buffers and
performng isocratic elution. 36. The nmethod according to item 33,
characterized 4% t Har mategsl {gyrdingeto aaplof Hyditarss8tand9) gmém@tftfyfjblﬂ thaipr ot ei ns

are el uted by appl Yhd\@niflexehdkio s thOUIpeBlatdn®ot the fifitaL bONAJYd ERAFLmher eby
the conductivity of .t Zye. elutjon buffer is about 20% bel ow the conductivity
of the conpl ex buf Bl CBIUYSn. - 19 37. The method according to item 36,
characterized in that the conductivity of the elution buffer is about 76

nS/cm 38. Thetlnet Hbd naathat dicongirtgao any obthe tithms il tte #8, chataoteB87d iohbatalxt eri zed
in that the collagenase type I and type II proteins obtainable in step (g) and optionally a

subsequent step removal of ammonium sulfate are enzymatically active.

42.  The method according to any of the items 1 to 41, characterized in that step
(g) is followed by a subsequent step, whereby in the subsequent step
ammonium sulfate is separated from the collagenase typel and type Il

proteins.

43.  The method according to any of the items 1 to 42, characterized in that the
collagenase type I and type II proteins of step (g) are further purified by
cation exchange chromatography, whereby further residual proteolytic

activity is further separated from the collagenase type I and type II proteins.

44.  The method according to item 43, characterized in that the cation exchange
chromatography is performed in the presence of Ca®* ions at a

concentration of about 5 mM, a buffer compound, and at a neutral pH.

45.  The method according to any of the items 43 and 44, characterized in that

the concentration of the buffer compound is 20 mM.

46.  The method according to item 45, characterized in that the buffer
compound is selected from the group consisting of BES, Tris, BisTris,
BisTris propane, HEPES, MES, MOPS, MOPSO, PIPES, TAPS, TES, TEA,

and Tricine.



conpl ex m xture conprises further enzymes with proteolytic activity. 39. The
met hod according to item 38, characterized in that the conplex mxture
conprises an enzyme with proteolytic activity selected fromthe group
consisting of clostripain (Endoproteinase Arg-C, EC 3.4.22.8), a neutral
protease, and an enzynme with tryptic activity. 40. The method according to
any of the itens 38 and 39, characterizeh-in that the conplex mxture is
the supernatant or the filtrate of a liquid Costridium histolyticum
culture. 41. The nethod according to any of the itenms 1 to 40, characterized
in that the c&l|adénasethogpaccprdang) te yin | 46, pthotastenigedobin aihpalihe buffest ep (g)

and optionally a syRpeaMERtrESLepEPesOVal of amonium sulfate are
enzymatically active. 42. The nethod according to any of the itens 1 to 41,

characterized jnh that st .is followed by a subsequent.step, whereby in
t he subs equent483t e eéﬁ*ﬁ%ﬁ(ﬁq acf%ﬁ%)gmgftﬁt‘témi %T&é?ﬁaéreé‘tzﬁ%nftf‘%ﬂﬁf ﬁaé“’(?c?lxﬁﬁﬁé% ase type
| and type |l  protcbiamsatogt3phyThperfoetnad th the pomselicagf CaClamya @hcdnativhefrs 1 t o

42, characterized ig,tdahnihe collagenase type | and type Il proteins of
step (g) are further purified by cation exchange chromatography, whereby

further residual proteolytjc ctivity is further separated fromthe

col | agenase type | ﬁ‘ﬁdnect aci‘ir%tﬂgdf)éf%%'{tﬁﬁﬁcﬁmﬂ?’etoﬁlétﬁ@&a%?élé?ji‘&itﬁ%j t‘?‘b item
43, characterized icatidhadchirgmgcaitioodry pkash &sPesSEPEINRODEEMOgr aphy i s perforned
in the presence of Ca 2+ ions at a concentration of about 5 mM a buffer

conpound, and a . lod} y-Tok e itens
43 and 44, ch afbtact g'rh :% g%a%ﬁ(}dn&ﬁrgﬁ .t? 'F[lgf%f'(;fﬁ%: gﬁgsr gﬂag}g ’ _%}%gﬁcﬁgm%%ftg{t t%% npound
is 20 "M 46. The rBreoadamedt protinstase sepated By perfrirded BeistEBY i n that the

buffer conpound i ga$elemb@rhgfth®fartHe p@iifdRolREAsS ttyRd Bf tRBRSI pildtéiss
BisTris, BisTris pr opane, HEPES NE(ES?P JVL'P§ . NL'PSOh Pl PEﬁ, TAI% TES, TEA,
and Tricine. -20- 47. THE ABt B LETHENEG R e mas: PfaPHettMs 89 i n t hat
the buffer conmpound i sollgSae tybEPES. tyddll pidhensetthodataeorghasg to i tem 44,
characterized in tg?z %ﬂ%n&,%'s@ﬂra‘?@‘ﬁ%@ﬂse, colBREREBEPOT ARTBbIE R nRRREd i n

the presence of Ca at a c?n entration %f
proteins from the stationary phase of step (A);

whereby collagenase typel and collagenase type Il proteins are purified

separately.

51. The method according to item 50, characterized in that step (A) is
performed in the presence of Ca** ions at a concentration of about 5 mM, a

buffer compound, and at a neutral or weakly alkaline pH.

52.  The method according to any of the items 50 and 51, characterized in that
step (B) is performed using gradient elution applying a 1x-25x
concentration gradient of an elution buffer comprising, at the 1x
concentration, Ca’" ions at a concentration of about 35 mM, a buffer
compound, and a neutral or weakly alkaline pH, whereby 1x is the starting

concentration and 25x is the end concentration of the gradient.

53.  The method according to any of the items 51 and 52, characterized in that
the weakly alkaline pH is 7.5.

54.  Method according to any of the items 51 and 52, characterized in that the

concentration of the buffer compound is 5 mM.

55.  Method according to item 54, characterized in that the buffer compound is
selected from the group consisting of BES, Tris, BisTris, BisTris propane,
HEPES, MES, MOPS, MOPSO, PIPES, TAPS, TES, TEA, and Tricine.



about 5 MM 49. The nmethod according to any of the itens 43 to 48,
characterized in that the cation exchanging stationary phase is SP
SEPHARCSET" 50. The nethod according to any of the itenms 43 to 49,
characterized in that the type | and type Il proteins are separated by
performng the steps (A) contacting the further purified coll agenase type |
and type Il proteins wth an ani on exchangi ng stationary phase, and
adsorbing the collagenase type | and type Il proteins to the stationary
phase; (B) eluting, in separate fractions, collagenase type | and

col | agenase tppe | The ppgthed mscerding thetest 6i sharsteriedsin dhatsthepbpflr; wher eby

col | agenase type | .@fgofrlil agenageptsype |1 proteins are purified
separately. 51. The net hod according to item 50, characterized in that step

(A is perfo t he, presence of onc ntratl of about 5
WM & burt er “BompOlndnehi RiorrRe: Far sk sty GBI Tie R (828 he
met hod accordi ng tperﬁny’ledﬁn theprdéstrersf 640Clantc cﬁmgenuiaaolacﬁaéaputzﬁenth that step
(B) is performed using gradient elution applying a | x-25x concentration

gradi ent of anmgel utrh@ﬂlemufaezor@ﬁg% 1t§fhr59,cha$aateh§edl i% theﬁ@ﬂ:‘ﬁgm IRt An Ca2+
ions at a concentr ufiﬁﬁcﬁm of abo oun an neutral or

. fer
weakly al kal i ne pHPUliettdbsy! XIS?“F‘?“F‘H%“ sCPE‘tPf“qﬁé:acé&ﬁ&é R dahoYsx is the
end concentration 8% miMie gradient. 53. The nethod according to any of the
itens 51 and 52, characterized in that the weakly alkaline pHis 7.5. 54.

Met hod accor disgg t‘i’hé’?‘?r}’etl?yfe 4 oh& '&f‘?ﬁ@ltéﬁs §‘6‘E’o §é?’ch§ﬁ€‘treﬁﬁefd§'h'tﬁ§tdthk OnfoRat the

concentration of t he r co ound according to item
54, characterized PHDhamaRe SHOBUHRHE lt@nsﬁgmqsfr -sel ected fromthe group
consisting of BES, Tris, BisTris, BisTris propane, HEPES, MES, MOPS, MOPSQO,
Pl PES, TAPS, TFES, TEé\me&md aEfd’drdblingl&) anyal theStemsHheo Bﬁtchﬁldctaﬁiednﬁi'thmgtﬂeo item

55, char acteri zed '(Qla%«l.]ﬁg%ltp;?elﬁlﬁfndeliyé)re:fpg(%gﬂﬂgt LB ROl HEEFSm) S, The

met hod accordi ng to | aract z perforned in
t he presence of Ca@wymaticallyegiveent rati on of about 5 rrl\/l

61.  The method according to any of the items 50 to 60, characterized in that the

collagenase type I and type II proteins are obtained in separate fractions.

62.  Preparation comprising enzymatically active Clostridium histolyticum
collagenase type I and type II proteins, obtainable by the method according
to any of the items 1 to 42.

63.  The preparation according to item 62, characterized in that in said
preparation the tryptic proteolytic activity is reduced by a factor of between
about 100 and about 400, compared to the complex mixture of the

supernatant or filtrate of the liquid Clostridium histolyticum culture.

64.  Purified preparation of enzymatically active Clostridium histolyticum

collagenase type I, obtainable by the method according to item 61.

65.  Purified preparation of enzymatically active Clostridium histolyticum
collagenase type I according to item 64, characterized in that about 82% of
the collagenase type I protein in the preparation has a molecular weight of
113,920 Da, determined by LC ESI-MS.

66.  Purified preparation of enzymatically active Clostridium histolyticum
collagenase type I according to item 65, characterized in that about 82% of

the collagenase type I protein is N-terminally intact.



58. The nethod according to item 52, characterized in that step (B) the
elution buffer, at the |Ix concentration, conprises CaCl2 at a concentration
of about 35 mM 59. The nethod to any of the itens 50 to 58, characterized
in that the anion exchanging stationary phase is Q SEPHARCSETM 60. The
met hod according to any of the itens 43 to 59, characterized in that the

col | agenase type | and type Il proteinsxbtainable in step (B) are
enzymatically active. 61. The nethod according to any of the itens 50 to 60,
characterized in that the collagenase type | and type Il proteins are

obt ai ned i n ségar aterifiedagtrepmaion62f Euepatiatly ontiaon@&ts'dimg dngyrravincal | y

active Costridi umfi, %&f&ké/ ttﬁrﬁé‘l”&cc&ﬂhﬂga&?%ﬁne 6By%r£ct&ﬁ@dt1}{pﬁla4 'thePrI\Ot ei ns,
obt ai nabl e by the net ng to any of tens | to . 63. The

preparation accor df$igiRW 9k &ﬁﬁ@ ageE?‘fértﬁthIeP‘iO?é‘H hi“h ﬂ?%é"tmrlona‘é‘éls%ﬂu%‘ieepar ation
the tryptic proteolpaNTsSactivity is reduced by a factor of between about
100 and about 400, conpared to the conplex m xture of the supernatant or

filtrate of t i @Hhﬁe ?é{arét%nuryfh IQllclMéa U{é{'lvé: u{?fo%’pr‘zgtum&‘hzstﬁﬁf Wnl ed

preparation of enzy strl um hi s ticum col[agenase
type |, obtainabl ecwg@w trize Hoebteioahdn bif thy methoidreqprding tcsritﬁm Plrified

pr epar atl on of enzymatically active Costridiumhistolyticum collagenase
type | accordiesg t Quiifi@m féparsthvar &ift a{zjyiledcaili/”l ddniat Gbﬂbiﬂluaz%iﬂ&lytichﬂe

col | agenase type | ot ei n 1 n.the aratign,has b of
175, 690 D, clet or LR Ey eE HarCpRhEBE R PR MBSO

enzymatically acti Ve @Illwmaedmrrﬂ h10$¢10Illythecpmquratl@olhaagmgelat yeight ofaccor di ng

to item 65, characteshdac, dbethdtd gpp@ﬁasﬁg,fg) of the collagenase type |
protein is N-ternminally intact. - . Purified preparation of

enzymatically Aacti stridium h| sto cymcol |l a e type | ~according
to item66, c rac}é@lﬁl%cgd’rf??ri‘tw& ¥hen o ‘@:ﬂ‘fri e o(f%’ftﬁém%l ﬁ‘dlét 4% type |
protein has the antd@gamwdtygeﬁtaemélng ANEINSY, dhBracterirddf ingblatpbewa3as ofon of
enzymatical ly actiyg C%gg%gge %Fo?eﬁrpl YL S ggmall}pglldcggenase type |1,

obt ai nabl e by the net acco

71.  Purified preparation of enzymatically active Clostridium histolyticum
collagenase type Il according to item 70, characterized in that the N-
terminus of the collagenase type I protein has the amino acid sequence
VQNESK.

72.  Purified preparation of enzymatically active Clostridium histolyticum
collagenase type I according to any of the items 64 to 67, characterized in
that the activity of clostripain in the preparation is less than about
0.04 U/mg of protein and mor preferred between about 0.01 U/mg of
protein and about 0.03 U/mg of protein.

73.  Purified preparation of enzymatically active Clostridium histolyticum
collagenase type II according to any of the items 68 to 71, characterized in
that the activity of clostripain in the preparation is less than about
0.07 U/mg of protein and more preferred between about 0.04 U/mg of
protein and about 0.06 U/mg of protein.

74.  Purified preparation of enzymatically active Clostridium histolyticum
collagenase type I according to any of the items 64 to 67, characterized in
that the activity of trypsin in the preparation is less than about 0.0003 U/mg
of protein and more preferred between about 0.0001 U/mg of protein and
about 0.0003 U/mg of protein.



69. Purified preparation of enzymatically active C ostridium histolyticum
col | agenase type Il according to item 68, characterized in that about 93% of
the col |l agenase type Il protein in the preparation has a nol ecul ar wei ght of
112,000 Da, determned by LC ESI-MS. 70. Purified preparation of
enzymatically active Costridiumhistolyticum collagenase type |l according
to item 69, characterized in that about293% of the collagenase type |
protein is NNtermnally intact. 71. Purified preparation of enzymatically
active Clostridiumhistolyticum collagenase type Il according to item 70,
characteri zed7pn t Ratifiadh@reparationniohugnzphatically cstiveadepdrsdumy petdbiticprot ei n has
the am no acid sequgRg@aseEPK ccofding RUEAY dfade REQPBE 38 7O h@facteRZAMRL i cal |y
active Clostrldlun1h|§%ol tlc%n1 coL?qgenase type, | @gco deﬂ% glany of the
items 64 to 67, chPAIESFTIRPYHPSIP RIS RIEPAONVT o5 Gpn apgdr Oé) W8in the
preparation is | esef prosin albutore Prefdreldibatyveetfi alwatOeion3 &g b prqpeiefaadr ed

bet ween about 0. 01,18 06f U/R 8ﬁ§BF}9nd about 0.03 Ung of protein. 73.
Purified preparation of enzynatica fy active Clostridiumhistolyticum

col | agenase t§ge l'] agcording to ?ny,of the itens 68 to 71, characterized in
that the actiVvPty B¢l S8TPrYas n Gairidher plhepitistt onollagenase s tiisdn @Bout 0. 07
Ugng of proifin apdwﬁﬁﬁanpmehenkeﬂ @ﬂﬁwg&at&@@ﬂchnﬂﬂxg%&gnaﬁm pﬁﬁ??in and
about 0. 06 ng o rotein. 74. Purifi.e reparation enzynmat i c y active
Q@ ostri i um hi ot of JETt st abEHe s RsBRTRR At v P He” s Corms
64 to 67, charactetd gk mixed withta sehendaoreasuredyarodunt rof psiurified prépargtioapar at i on
is |ess than about ,Q,R0%30Wh{Bf theteMf & £177 and nore preferred between about
0.0001 Ung of protein and about 0.0003 U ng of protein. -23- 75. Purified

preparation of _enz i call ctive stridiumhistolyticym,col | agenase
Pyoe i1 aocording. § B BT ae ke foran Gaiisteret oottt el aie R dthas ¢ he
activity of trypsi rompriehethrdepessated emoiist df e psepatwionabafitrtl@r pdtedltivy  of
protein and nore p&g&gkred bet ween about 0.0003 U/ ng of protein and about

0.00 1 Ung of protein.” 76. Blend conprising dostridium histolyticum

col | agenase type | _and
d %g Use of a purified preparation of enzymatically active Clostridium

histolyticum collagenase type I according to any of the items 64 to 67 and
any of the items 72 and 74 for processing a tissue sample, whereby collagen

present in the sample is digested.

79. Use of a purified preparation of enzymatically active Clostridium
histolyticumn collagenase type II according to any of the items 68 to 71 and
any of the items 73 and 75 for processing a tissue sample, whereby collagen

present in the sample is digested.

80.  Use of a blend according to any of the items 76 and 77 for processing a

tissue sample, whereby collagen present in the sample is digested.

The following examples and figures are provided to aid the understanding of the
present invention, the true scope of which is set forth in the appended claims. It is
understood that modifications can be made in the procedures set forth without

departing from the spirit of the invention.

Description of the Figures
Figure 1 Stability of collagenase typell and typel proteins after

hydrophobic interaction chromatography. MONO-Q™ analytics
were performed according to Example 5. An overlay of four

chromatograms is shown. The peaks designated “II” and “I” refer



Clostridiumhistolyticumcollagenase type Il, characterized in that a first
nmeasured anmount of a purified preparation according to any of the itens 64
to 67 is mxed with a second neasured anount of a purified preparation
according to any of the itens 68 to 71. 77. The blend according to item 76,
characterized in that the blend additionally conprises a third nmeasured
anount of a preparation of a further proteolytic enzyne. 78. Use of a
purified preparation of enzymatically active Costridium histolyticum

col | agenase type | according to any of the itens 64 to 67 and any of the
itens 72 and 74 for pr OCé§§ﬁ¢l§01§1g@ﬁa§Q§U@e§I&?ﬂﬂ &pe Wpeeteipy rsenectagbn Thpr esent in

the sanple is digested. Z7@owsgarRid & pui f‘é”eanDf‘&pﬁlla&TateOtlﬁe %1 RNgpyimRt i cal Iy
active Clostridium histol t| cum col | agenase  typ accord to. any of the

"tems 68 to 71 and any QPP REN FUFRPORITG 6 P e?ﬁssmé.ma P sue
sanpl e, whereby col |l agen mqn’oets@nbfuhapuhﬁaedsmmplre at $*(dfog@sthpd“a’802 dyse of a

bl end according to any of «gﬁ% élaty?f"%” 7%(%151& Z(df;)or processing a tissue

sanpl e, whereby col | agen pr gsent e 1s digested. The foI | owi ng
exanpl es and Figytres are PPOW-8EY flafomamfm (netbpd t assdi rgmple tHe of pr esent

invention, the true scopeoldgeidit Clypesl seld frasetih pr@teﬁltaeaﬁapefyaaq)h@blal ns. It
is understood t hat nodi f.i cat ﬁ)r}?}{can be oce res,set forth

without departing from tH&™§ roglﬁtotgﬁgga G%{]flgﬂﬁ O%égsclr“ B4Sh of the
Fi gur es Fi gur &ighrst abi | i tMONO-€0T | elremaggrany pémethodndeet yipemiplepr Ot eifns aft er

hydr ophobi ¢ interaction Vi d erfor med
! Cc'aﬂ SQQ@%R?X?C] W@S}F%égﬁér &éd%@%@%@ﬁ

according to Exanple 5. onmatograns 1S
peaks designated "I1" an ASi» L@Yéhronﬁmgf%@ﬁ% eesignaieinas i Kigye 1 I I and type
| proteins, regpectively. ExIﬂplar;aHmmsm&&dul safor pubﬁed C(ﬂlagerﬁ&dt i ndicate

after Cncubation of & Eﬁgur Ff g R e A o P g8 e )yp@a ! pyorer
("b"), 3 days ("c"), and (Brdicates as"“B") wereFietjurea abowONBY @i wtdraboat ¥GPam
(met hod see Exanpl e 5) Ofypits. In comparison, the height of the main peak of group II

(indicated as “II”) was about 207527 units.

Figure 5 Exemplary HPLC/ESI-MS results for purified collagenase type II.

Ordinate: mAU, abscissa: time. Peak heights of group I peaks

(indicated as “I”) were between about 840 units and about 3840

units. In comparison, the height of the main peak of group II

(indicated as “II”) was about 226388 units.

Example 1
Raw materials containing C. histolyticum collagenase type I and type II proteins

The preferred raw material was a cleared supernatant of a C. histolyticum liquid
culture. Liquid media supporting growth of C. histolyticum in culture are well
known to the art. Recent literature on such media includes WO 2007/089851. With
regards to removal of unwanted proteolytic activities and the purity of the final
preparations of the collagenase proteins, no significant differences were observed
for different growth media when using the purification scheme of the invention as

described below.

In a stepwise upscaling process, C. histolyticum was grown anaerobically in liquid
culture under a nitrogen atmosphere. A first seed culture typically started with a
volume of about 100 ml. Subsequent pre-cultures were made stepwise with
increased volumes, e.g. 11, 101, 50 1. Large scale fermentation was carried out with

culture volumes ranging from about 1001 to about 2,500 1. The growth temperature



col | agenase type Il and type | proteins after hydrophobic interaction
chromat ogr aphy. Peak designations as in Figure 1. Figure 3 MONO QI'M
chromat ogram (net hod see Exanple 5) of collagenase type Il and type |
proteins after Red SEPHAROCSET' FAST FLOW chr omat ogr aphy. Peak desi gnati ons
as in Figure 1. Figure 4 Exenplary HPLC/ ESI-MS results for purified

col | agenase type |I. Odinate: mAU, abscgkssa: tine. Peak heights of group |
peaks (indicated as "1") were between about 1180 units and about 4720
units. In conparison, the height of the main peak of group Il (indicated as

"11") was abowtas 20775@id phhiof the féinguragiod niedempivas yepHRL OV diS ofMBonesdlAts f or
purl 11 0d col | S0ERASRANR Syrhbles o O LIREE et ARSFIS Sperhdy i wilTateghel 0N S
as 0 u
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containing C. histolyticumcollagenase type | and type Il proteins The

preferred raw N & A “was a cl eared supernatant of a C. histolyticumliquid

culture. Liquid media supporting growh of C histolyticumin culture are
vel | known t &/Roderapipatioredt énimenfatien ghegplsurgrvas cesteditedi tampereluaciess wean

2007/ 089851. ihbilt 20ce@arnsas. ¢Qlulag imdlal, dbbimaid &hnlr k& Payidufat@mbitdti ti es and
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cul ture under "a ni trogen at nosphe f SGTE ure t prca
with a vol ung 1on Gesshresuipovens obtgapd wifh YR QYHAEKE GO0 magesialyerage feRie 435t epwi se
with increaseg wgj.umes, e.g. 11, 101, 501. Large scale fernmentation was
carried out with culture volumes ranging fromabout 1001 to about 2,500 1.
The growth t erﬁ%leol;' (g g" rb%e -u%St- IT 1S t:igooncstea rgdseeel_rlalofrottechlg}iéc 9&%@ Q‘vte}eo rlsarre fnum Vas
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were drawn andht fvéeasdperinat anpernaignt eBhesd indlededc diel audedse petbltesl 9ft i
activity as deghigeRRE (s EXAPRI B, dostrii Gad Emphe 3)84 @ rrypsin (see Example
4). Protein content was determined by conventional means, typically using UV
spectroscopy, the Bradford- Lowry- or biuret protein assays, or the bicinchoninic
acid assay. A typical cleared culture supernatant had a protein content of about

1.5 g/l and a collagenase activity of about 4 kU/L.

Alternatively, raw preparations such as lyophilisates of culture supernatants (Bond,
M., D., van Ward, H,, E., Biochemistry 23 (1984) 3077-3085) can serve as starting
material. In this case, an aqueous solution of a lyophilisate is processed according to

the invention as described further below.

Example 2
Assay to determine collagenase I and II proteolytic activity

Collagenase proteolytic activity was measured by a standard method in Wiinsch
units (Wuensch, E., Heidrich, H., Z., Physiol. Chem. 333 (1963) 149-159) using a
synthetic peptide substrate. Collagenase proteolytic activity catalyses the hydrolysis
of the modified substrate (“Wuensch”) peptide 4-phenylazo-benzyloxycarbonyl-
Pro-Leu-Gly-Pro-Arg (Bachem M1715) between the Leu and the Gly residue. One
unit (U) of activity is defined by the hydrolysis of 1 pM peptide per minute at 25°
CpH7.1



scal e fermenter was harvested between about 15 h and about 18 h after
addition of the pre-culture. Upon termnation of fernentation the culture
was cooled to a tenperature between about 2C and 8C. Cellular material,
debris particles and other particulate matter was separated fromthe liquid
medi um by either centrifugation or filtration, both resulting in a cleared
cul ture supernatant. In the case of filtgation, the filtrate was passed
through filter material with a pore size of between about 0.3 mto about 1
m Good results were obtained with ACROPAKT' 500 nmaterial (pore size 0.45-
0.8 nm). Prior The sshshsegupiite (plso rdféredito B fisubtieps’) waepevaled pi otcdationtand

acti Vit es vere, aSRauRfionr | hfmE! RSH Ul HE AR EARLAY Iy TRBS Gyl ncl uded

the proteolytic act a enases ri pain

(see Exanpl e 3Z)cthanell Theyysdyme e§éhe mbaing was myrea@ﬂdpénonnlcbméﬁﬂg WelsM
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Br adf ord- Low
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A typical cl e§¥téacf%8ﬁll?ll’j uée§ és ﬁ%n ﬁ%‘&é %arB %F@aﬁét%% ﬁl[] I(glflmgt?gﬁ![ assay
g/ 1 and a col l043enasiriaadid vn wyteofDabxguubes Wl proviletl e nest itwkeb yontniaing

preparations I r Bond, M, D.,
van Ward, H., %%h)%? *%%%é@ﬂggécﬁgrg%tgﬁ(%@asg%g%‘Hmﬁﬂgglrnf/e as starting

material. Int ase, an aqueous sol ution of ilisaje,.is processed
according to %mfmﬁeﬁmp FeAGRa SEFS U fR e eSbaéF ngéﬁeéf*ﬁp Woyingssay to
det er m ne col Ipageiragsehdmeand wdrkfyvat eol ytic activity Col | agenase proteol ytic
activity was rreasured by a standard nethod in Winsch wunits (Wensch, E.,

Hei drich, H Chem 333 (1963 ediddt dipd) USk gl@tes? ALhetic

pepti de substratpe Col(?agenase proteolytic activity catal yses the hydrol ysis
of the nodifi ed su rate ("Wiensch") peptide A} phenyl azo- benzyl oxycar bonyl -
Pro- Leu- G y- Prlo- Argﬁ’(sﬁ?ﬂtéﬁé?ﬂ%HS) bet ween t h&'Leu and the resi due. One
unit (U) of activi CgCllzs defined by the hydralysis of 1 M pegtmile per mnute
at 25 C, pH 7.1. ‘ﬂ g, supstrate peptide (also refered to as
"substrate") was pr0\7| g |n§a solution and at a concentration of 1 ng/m.
10 ng substrate pepamplemageriel’ first di ssolved in 0.2 nl  nmefRamdl . The vol une

of the solution wag;iverigaseguto 10 M by agdspg 0.1 M _

Mix, incubate for 15 min at 25°C; after incubation an aliquot of the
incubated solution is transferred to a volume of the extraction mixture
3 Incubated solution of step 2 0.5ml 0.5 ml
Extraction mixture 6 ml 6 ml
Mix immediately by vortexing for 20 s, transfer about 3 ml of ethyl acetate
phase into a drying tube, mix by vortexing and transfer supernatant into
cuvette; measure extinction (A) at 320 nm, cuvette light path = 1 cm.
4 Calculate volume activity [U/ml] = AA* d * 0.794
A: measured extinction value
d: dilution factor
AA = Agmple - Acontrol
% a solution comprising either both, collagenase typel and typeIl enzymes
altogether or a solution comprising either of the enzymes separately. Sample
material used in the assay was usually prepared by diluting a solution comprising
collagenase type [ and/or type II. Dilutions were made with with 0.1 M TrisHCI, pH
7.1; for each measurement the respective dilution factor (d) was adjusted and
chosen in order to finally result in an extinction value between 0.3 and 1.0.
Solutions with collagenase typel but not type Il were diluted 1:100; solutions
comprising collagenase type II were diluted 1:1,000. Additionally, standards with

known amounts of collagenase type [ and/or type Il were tested as references.



TrisHO, pH 7.1. Further reagents were a 0.1 M Cad 2 solution in water and
an extraction m xture consisting of 5 volune parts ethyl acetate and 1
volune part 0.025 Mcitric acid in water. Drying tubes were provided as
test tubes containing 0.35-0.4 g Na2SO4. Before use each drying tube was
sealed with parafilm Control and sanple reactions were set up in test tubes
according to the following pipetting sgheme and workflow. Step Sol ution
Control test tube Sanple test tube 1 Substrate peptide | m 1 m CaCl2 0.2
m 0.2 mM Mx, warmto 25C 2 Sanple materiaO - 0.05 mM 0.1 MTrisHO, pH
7.1 0.05 nl - InMnxtuiencubanmgftoth t@lagimseatyp@bGid gbt Erenizyroesbie ingraswaed al i quot

of the incubated, 510(!0'1'1% e?lee'I?W%sr eﬁ@@f %Eéage‘?gﬁa% tﬂ6¥@lv#1§7%f %}héé}lﬁse@‘%%“ on

m Xture 3 | ncubated so tlono action m xture 6
M 6 m Mx i RFEAMEEIGIVEY a5y P@%H& Yoensgly psptider g pestratsofspllagendse of et hyl

acetate phasgpt Mt pustiedr fﬁuagqrtgut}e cdﬂlpqeﬂé)’pdﬁﬂ’cﬁ@ﬁ Réheattdadchrdisd 6 tﬁyper Eat ant
into cuvette a ncLl vet te =1 cm

4 Calcul ate vgﬂvgﬁ’enﬁé}gl F ﬁﬁ“fj pr?)%é as ‘%Sq{%gh?‘é xample P‘Asé%{]ar é’pa %tinction
val ue d: di | uadtigity 6%abbotbetw‘¢bn—10m$1dmbb@ 14 (Apomhg of protein; slod spe¢ibnaativitpr i si ng

ei ther both, gahl %Q&Q?éﬁurﬁf}’eﬁecoh Rde tt)é)@? wab b@t%yﬂT?l?out 3t é}gieéb%ﬁ{ 08y a

sol ution conprising elther of e enzynes separate Sanpl e nmaterial used
in the assay WHIMEPEPEW prepared by diluting a sol uti on conpri sing

col | agenase type | and/or type 11. Dilutions were made with with 0.1 M
TrisHC , pH Exalplé®dr each neasurenent the respective dilution factor (d)

was adj ust ed C f esult in an extinction val ue
ﬁ%‘i;ito &?&g{‘? {ios?{ga%\s\}){ Qeol;lt{l Aefive

bet ween 0.3 an 'agenase type | but not type Il were
diluted 1:100; solutions conprjising collagenase type Il were diluted
1:1,000. Addi ElosiRriny prafgolififatdithiTsn MRHBHA Breumehogs udRy Ratyatste type |
and/ or type |$ubéedte Cbsﬁ@dmaﬁroltdbi)@teﬁﬁﬁ&/ catdyses the hydrolysis of Benzoyl-L-

arginine ethyl ester (also referred to as “BAEE”), thereby forming Benzoyl-L-
arginine and ethanol. The reaction is specific for clostripain and the substrate is

converted only to a very limited extent by collagenase proteolytic activity.

The synthetic substrate (also refered to as “substrate”) was provided in a solution
and at a concentration of 38 mM dissolved in 0.1 M potassium phosphate buffer
pH 7.6 (“PPB”). Further reagents were PPB, 194 mM dithiothreitol (“DTT”)
dissolved in PPB, and 0.01 M Ca(Cl, solution.

Control and sample reactions were set up in test tubes according to the following

pipetting scheme and workflow:
Step

1 Buffer / substrate solution: 0.73 mM BAEE, 7.8 mM DTT, 0.4 mM CaCl,
0.5 ml BAEE solution, 1 ml DTT solution, 1 ml CaCl; solution are pipetted
into a 25 ml flask; PPB is added to the 25 ml mark; the solution is mixed.

2 Sample material and standards are provided as lyophilized solid dry matter
(“sample”). Immediately before measurement 1 mg of each sample is
dissolved in 1 ml repurified (HPLC grade) water and diluted by adding 49

volume parts of PPB to 1 volume part of dissolved sample.

Solution Control test tube Sample test tube
3 PPB 0.05 ml -
Buffer / substrate solution 3ml 3ml



In m xtures containing both coll agenase type | and type Il enzynes the

neasured activity of collagenase Il was al ways greater than the activity of
col | agenase I, when performng activity asays using the Wiensch pepti de as
a substrate. Collagenase type Il purified follow ng the conplete

purification schene according to the invention and obtained as a final
product as described in Exanple 14 had_ggspecific activity of about between
10 and about 14 U per ng of protein; the specific activity of the |ikew se
purified coll agenase type | was between about 0.1 and about 0.3 U per ng of
protei n. Exanpl e 3MaAsiaaybateandebdx 1i26€ cl ostri pain proteolytic activity

Clostripain pr,ot epété/rhi:n% nz%ati Vitti nb\gll%gdirreasur ed by a nethod using a synthetic

substrate. Costripalh rot eo yui ac%vity catal yses the hydrol ysis of
Benzoyl - L- argi ni nemgtehyl ester (also referred to as "BAER:0Smlt her eby

form ng Benzoyl - L- Mg @id¥nftR a6 (aRCdss n&h&v&t@‘eﬂ%ﬁﬂ it 4 $ ARGk thef OF
clostripain and th sub§tr.ate |sddconvert d. (11nl3c/1 to % verg/ I Ifgbt ed extent by
col | agenase pr ot ed!§&eOT FEPFHPP A efﬂ@‘%ﬁ‘?‘ﬂg‘t ased op bl lingaraange pPiBe ref ered t o
as "substrate") wamryrovided in a solution and at a concentration of 38 nmM
di ssolved in Q.1 i ] _ I« «12 6 A PPB") . Further
reagents wer egPPB%#ﬁk%ugﬁagﬁg?W@fBPH“%ﬁ(g)dg dLl)sé%{lggd in PPB, and 0.01
M CaCl 2 sol ution. Giwbe eftivigha sasepipiobitipeact i ons were set up in test tubes

according to the foh)PWMiciractdH PRk kdkéh BEeRnAREN NSNS Volust SRiviyl Buf fer /
substrate solution: 0.73 mM BAEE, 7.8 gj\/IDTT, 0.4 mMM CaCl2 0.5 m BAEE

solution, 1 ml DTT sol gt Mm§Auref egync ®solution are pipetted into a 25 ni
flask; PPB is added to AAweAp.rhommrk; the solution is mxed. 2 Sanple
material and standards areqRf guin%d*aﬁ;r]:ayophi lized solid dry matter

("sanmple"). I mediatel fzsfoé ore neasurenent 1 ng of each sanple is dissolved

in1m repurified (HPLC grade) water and diluted by adding 49 volune parts
of PPB to 1 vahuf®RcRe tel@ityd Sealinads saiRtQse i9Abrbaite @085 0h rés@Ringt ube

Sanpl e test tlflrbe 3 PRB 0.05f tr}rlie Sul%gjagee}gAéE.le{B)sgtr te sol Ut][O{')I’Tig) agttwity m -28-

om the hydrolysis 6 of clostripain proteo
hydrolyzes 1 pM of BAEE per minute at 25°C and pH 7.6 under the conditions as

specified above.

Example 4
Assay to determine tryptic proteolytic activity

Trypsin preferentially hydrolyzes bonds whose carboxyl groups are contributed by
Lys or Arg. Trypsin proteolytic activity was measured by a method using a synthetic
substrate. Trypsin proteolytic activity catalyses the hydrolysis of CROMOZYM™
TRY, also referred to as Z-Val-Gly-Arg-4-nitroanilin, thereby forming Z-Val-Gly-
Arg and 4-nitroanilin (“4-NA”).

The synthetic substrate (also refered to as “substrate”) was provided in a solution
and at a concentration of 10 mM dissolved in ultrapure water. A further reagent
was 0.02 M CaCl,, 0.1 M TrisHCI, pH 8.

Control and sample reactions were set up in test tubes according to the following

pipetting scheme and workflow:
Step

1 Working solution: Mix 12.88 volume parts 0.02 M CaCl,, 0.1 M TrisHCI, pH
8 and 1.4 volume parts 10 mM substrate solution; dispense 1.02 ml aliquots

into cuvettes; warm to 25°C.



M x, incubate and warmto 25C 4 Start enzymatic reaction by addi ng Sanple -
0.05 M Mx, determ ne extinction (A at 255 nm cuvette light path = 1 cm
nonitor the change of extinction and determ ne AA/m n based on the |inear
range of the <curve 5 Calculate volune activity [Unm] = 3.05/ (e255 * 0.05
* 1) * AAAmn Volune activity in sanple solution Any dilution factor is to
be taken into account when cal cul ati ng_y®l une activity A measured
extinction value AA = Asanple - Acntrnl 255=0.81[1*nmM *cmi] The reaction
velocity is neasured as an increase in absorbance at 255 nmresulting from
t he hydrol ysi 8 of Stdreergytstic @b@ioBAFRddihg U of cl ostripain proteolytic

activity hydroly 1 pM of BAEE per m 5C an y/ der the
conditions as spés??‘flgnd above. Exanpl ?@%ﬁayu%o det ce&rg ﬁet“?tr“%ti C

proteol ytic acti viseyplrraipentolpr ef er ent i &M (1pking| yzed! pbliasrihasd car boxyl
groups are contributed by Lys or Arg. Trypgion) proteolytic activity was

nmeasured by a,net hod i ng a synt I.C..Substrate. Trypsin proteolytic
activity cat af’yseg?'f(hdeje&ﬁ?glfgftﬁ?ém h@> athﬁﬁ\%ﬁlgﬁtﬁ%h _af% "E(E’fltg?tﬁz‘gd to as
Z- Val - d y- Ar g- 4- nichangapf dxiimgtion fre p@tryt X roinrand detetnlifzd AAGnyn basgdgpnahelinear
4-nitroanilin ("4-Npehfdhgvsynthetic substrate (also refered to as
"substrate") was pr vlgded In a,_soh:ljti on and at a cgncen_trati on of 10 mM
di ssol ved in fil tréﬁ‘fﬂ‘l teyaugte actiyity (et 1 Heldgent-1 Was A0/ M2 M cad 2, 0A M
TrisHO, pH 8. ComA#oh.gpdAsanpl e reactions were set up in test tubes

according to the follow ng _pipettin chene an r kfl. 1 Wor ki ng
solution: Mx 12. ta\l/%Z rrgacpt)la 1§e%g5§#t8éldfﬁpgwwﬂvf@¥8%u§& 8 and 1.4

vol ume parts 10 nifcsarbstrate sol ution; dispense 1.02 nl aliquots into
cuvettes; warmto 25C102849mM! *cm™)

% the sample usually consists of an undiluted sample liquid, such as culture
supernatant and an aliquot of a fraction of a flow-through of a chromatographic

column.

The reaction velocity is measured as an increase in absorbance at 405 nm resulting
from the hydrolysis of the substrate. 1 U of Trypsin proteolytic activity hydrolyzes
1 uM of CROMOZYM™ TRY per minute at 25°C and pH 8 under the conditions as
specified above.

Example 5
Analytical MONO-Q™ HPLC assay

Sampled aliquots of preparative chromatographic fractions were analyzed by way of
HPLC using a MONO-Q™ column. In case both, collagenase type I and type II
proteins are present, MONO-Q™ chromatography allows to separate the proteins.
Protein quantities and integrity can be assessed on the basis of MONO-Q™

chromatograms recorded, e.g. with a UV spectrometer.

HPLC analysis was performed using a MONO-Q™ 5/50 column (GE, code no. 17-
5166-01). Prior to applying a sample the column was equilibrated with 1 mM
CaCl,, 20 mM TrisHCI, pH 7.5 (“Buffer A”, 10 column volumes). A sample which
usually included collagenase type I and II proteins was applied and bound to the
ion exchanger material, followed by washing with 3 column volumes; . Elution was
performed using 30 column volumes of elution buffer comprising a linear

concentration gradient starting with Buffer A, and ending with 1 M NaCl, 1 mM



2 Start enzymatic reaction by adding Solution Control test tube Sanple test
tube Sanple or control O0.1m (working 0.1 m (sanple liquid) solution) 3
M x, determ ne extinction (A at 405 nm cuvette light path = 1 cm nonitor
the change of extinction for at least 5 min and determ ne AA/m n based on
the Iinear range of the curve 4 Calculate volune activity [Um] = 1.12 /
(s405 * 0.1 * 1) * A AAmn AA = Atianplgg- Acontrol Total enzynme activity in
enzyme solution: multiply AAmn with the dilution factor

s4f5=10.4[ 1*mV"' *cmi ] the sanpl e usually consists of an undil uted sanple

l i quid, such &8Cbulk6 uMd Trsbisds pHt aft(“Bufterabl) adtiqquétto afncentfatiact Fomheof a

f1 0wt hr ough qfq ABEDTARLAGARN: Gy 0T colOB S EAPIERIEOC 1 3, TEasur o

as an increase In nm resu drolysis of the
substrate. 1 Gndk 104 ak Prites By r/dbsryardy theeql vmflwqwawcen%@%e lay RASHRE BROVOZYMTM

TRY per mi nut eclaimndlundddf pffé Amndarghthecotongli tions as specified above.
Exanpl e 5 Anal ytical MONO QTM HPLC assay Sanpl ed al i quots of pr eparative

chromat ogr aphigg, ff, f%ﬁttlérpqs \e$ %c@&ﬂ%t&z% R¥eday bs%féptioﬁplwgs MO QTM

colum. In case bo ag nase ype and t elns are present
MONO- QTM chr oY deisahe288PMews to separate the proteins. Protein quantities
and integrity can be assessed on the basis of MONO QITM chromat ogr ans
recorded, e.gExwhplaea UV spectronmeter. HPLC anal ysis was performed using a

MONO- QTM 5/ 50 7- 5166-01 Prior to applying a sanple
the col um wa aé?qWeftréﬁ‘éénaﬁl%&foiﬁmﬁ&&&“ée %o MM TrisHO, pH 7.5 ("Buffer

A", 10 columm vol unes). A sanple which wusually included coI | agenase type |
and |1 protei Agalygis chapirified pepinsovsdperrmeeé byi BRLelEShahy efrotminse el |,

fol l owed by waghidiéh Wyt apB of OleWdiedv phatFESPLE ll%ll hRNANRSce PET fRnaRd using 30
colum vol unes of el ution buf;‘lgr coml sin I%F near che{sr% i on gradient
starting wit h "BIFFERT A 2 SHBPERYT HYwiErPTee Cﬁ%?&ﬁ “i"af‘rﬁ/l yaac rotein

& Peptide, 250*2.1 mm 218 TP 52 (Macherey & Nagel, Germany). Proteins were

detected online with a UV detector at 226 nm. In scan mode proteins were detected

by way of electrospray mass spectrometry (ESI-MS) using a QTOF II (Waters)

instrument.

Samples were adjusted to a protein concentration of 1 mg/ml in water. For each
run, 10 pl of protein solution were injected and analyzed. Between two analytical
runs two mock samples (10 pl) consisting just of water were injected, in order to

avoid cross-contamination.

Figure 4 shows the results for a collagenase type I preparation. Two groups of peaks
were obtained as indicated in Figure 4. Group II represented about 90% of the total
peak area. The main peak within group II corresponded to a molecular weight of
113,930 Da accounting for 82% of the total peak area. A minor peak within group
IT corresponded to a molecular weight of 113,410 Da accounting for 8% of the total

peak area.

Figure 5 shows the results for a collagenase type II preparation. Two groups of
peaks were obtained as indicated in Figure 5. Group II represented about 93% of
the total peak area consisting of a single main peak. The peak corresponded to a
molecular weight of 112,000 Da.



-30- CaCl2, 20 MM TrisHA , pH 7.5 ("Buffer B") at a 15% concentrati on.
Further undesired (foreign) proteins eluted in the concentration interval
above 15% and until 100% of Buffer B. Afterwards, the colum was
re-conditioned by passing 8 colum volunes of Buffer A through the col um.
For detection a UV-Spectroneter was used. Absorption was nonitored at a
wavel ength of 280 nm Exanple 6 Mass spgctronetric anal ysis of col |l agenase
proteins Analysis of purified proteins was perforned by HPLC/ ESI - M5:
Proteins were separated by way of reversed phase HPLC using an Alliance HT
(Waters) insExampe or a conparable unit. The preferred colum was a Vydac

CL8, Protein pdpRenbi GG, AR duh Mgthe Hel2nk WRPE SYeik Naglea CoT M)
Proteins were (ﬁéﬁg y4 ne %&g g]&:" tor at 226 nm 1 n scan node
proteins wer eSFtP H ]%W f PF’G%F%%YI?EQQ AR ry (ESI - V)
usi ng a QTOF tHromWgeiply i nstrunment. Sanples were adjusted to a protein
concentration of 1 ng/m in water. For each run, 10 | of protein solution

wer e i nj ect edyangd éaétanzegdin (BETARR Wke JIALUAILCR L, (LIRS UR BBk, pampl es

(10 1) conS|st|n? wat er wer in_or
cr oss- cont ani #20f 31%: 2 Haress, ¥ H’@P\B“dﬂq%@d oghsnves 4 deared edlrayRRaSENt ype |
preparati on. MyoOtgalaetpag @ésciieakm Ewaipke (Dbltnaé ifieyd s&@ hieHomatre dulfdle kiagur e 4.

Goup Il repr bout 90‘V of t he t r The mai n. peak within
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Figure 5 sho esults for a co | agen ratl on Two groups
of peaks weV\@O‘Bbt g %@P&@Sq Doesfagetion qﬁwﬂéa@n dhgsisared liaugh BRashit ed about
93% of the twhalubpe@kntir é:aﬁlmreﬂl a@hﬂnstgooszaHEPBgl EmﬂVB.IGaCQEpH7 (I'hah@eak

cor responded §q.ging MR} §6ite%o %ﬁoﬁggdl%ﬁltraua?f%he co';nfi

Pr eparation o tl CU age ase gt ei ns usi ng
Red the liquid phase was ad]usted to a value of be ow 2mS/cm, w ereby the 11qu1d

phase was diluted with additional Buffer R1 if necessary. The pH of the liquid phase
was adjusted to a value of between 6.8 and 7.0 with Tris/HEPES buffer.

Protein content was determined by measuring the extinction of a 1:20 dilution of
the liquid phase at 280 nm. Additionally the liquid phase was analyzed using
MONO-Q™ HPLC as described in Example 5.

During the following chromatography steps the pH of any mobile phase was kept at
pH 7 £0.2, if not indicated otherwise. A preparative Red SEPHAROSE™ FAST
FLOW column equilibrated with Buffer R1 was loaded with the liquid phase and
subsequently washed with 2 or more column volumes of Buffer R1, until the optical
density at 280 nm of the effluent from the column reached a base line which did not
change significantly anymore. The base line thus finally reflected only small
quantities of protein in the washing buffer. Subsequently, the column was eluted
with an elution buffer containing 0.02 M TrisHCl, 1 mM CaCl,, 1 M NaCl, pH 9 (in
the following also refered to as “Buffer R2”). The eluate was collected and
diafiltrated against 20 mM HEPES, 5 mM CaCl,, pH 7 (in the following also refered
to as “Buffer S1”); the protein content of the liquid phase was adjusted to 5 mg/ml
and the conductivity was adjusted to a value of below 2 mS/cm, whereby the liquid

phase was diluted with additional Buffer S1 if necessary.

In a following step, a preparative SP SEPHAROSE™ chromatography was
performed. In order to condition the column material, the SP SEPHAROSE™



SEPHARCSET' ", SP SEPHAROCSET' chromat ography and Q SEPHARCSE' "'

chromat ography All steps described in the following were perforned at a
tenperature of between about 2C and about 8C, if not indicated otherw se. A
cleared culture supernatant was obtained as described in Exanple 1. In a
first step, ammonium sul fate was dissolved in the supernatant at a
concentration of about 1.65 M In an exgpplary case, 245.65 g of ammoni um
sul fate were dissolved per 1 of supernatant and incubated for between about
8 h and about 24 h. The precipitate was separated fromthe |iquid phase by
centrifugat i omolomnbyasffirbdy wished withheta] gareads, ihgliiacophas eolunasf Sulddequent |y

diafiltrated I@?ﬁ?ﬁ ng al so
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follow ng chr orrFt ogr Sheol%/) s the phase was ept at pH 7
0.2, if not inRaleuns B Pw%t ACHYEP AvRa et d rath Bedfuirceseiitoasf  FLow
col um equi | i pr@tiadwad inloniBored GQTIOthMﬁSmﬂ d&d@dag&hish p'&(hemk wqw dlighaisia and
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reflected onl yefsiBkd as ‘Buat®iiyes of protein in the washing buffer.
Subsequently, the col urm was eI ut ed W|th an el ut| on buffer containing 0.02
M TrisHCL, 1 CaClz, I N§ Ig (W thet vg(“gl so refered to as
"Buf fer R2"). %geEi‘sﬁé’EPé? \)%5% YPSIT] RO R P s “F?P‘%a EH'HgAPASHY20 v
HEPES, 5 nmM CRERBAROHET" ¢lirnmuatograpby stopv M@ SERIBAROSPEMefl columnawas' Bustlyer Si ") ;
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conductivity was justed to a v whereby the liquid
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to condition teat%hgrahon tecroi i v}ltheBu ferSgFHﬁlR%qu phase containing the

collagenase proteins obtained after SP SEPHAROSE™ chromatography was applied

to the column. About 1-2 column volumes of Buffer Q1 were applied to the column

and the flow-through was discarded. Collagenase type I and type Il proteins were

eluted separately by applying a concentration gradient comprising 25 column

volumes, starting with a ratio of 95% Buffer Q1, 5% Buffer Q2 (5 mM HEPES,

35 mM CaCl,, pH 7.5) and ending with a ratio of 5% Buffer Q1 and 95% Buffer

Q2. Elution of proteins was monitored. Collagenase type I and II proteins were

collected in separate fractions and verified using HPLC analytics (see Example 5).

Example 8
Quantitative determination of the ratio of collagenase type II and I proteins after

purification with Red SEPHAROSE™ FAST FLOW

Collagenase typel and II proteins were purified according to the method of
Example 7. MONO-Q™ analytics were performed as explained in Example 5. The
integrals under the peaks corresponding to the collagenase type I and II proteins
were quantified. To this end, Figure 3 depicts an exemplary chromatogram. The

quantification of the area under the peaks as shown is given in Table 1.



colum was firstly washed with water; afterwards, half a colum vol une of
0.5 M CaCl2 and 2.5 colum vol unes of 100 nM HEPES, 5 nM CaCl2, pH 7 were
passed through the colum. Subsequently, the colum was washed with Buffer
Si; the colum was equilibrated with Buffer SI until the effluent had the
pH (0.2) of the diafiltrated and adjusted |iquid phase obtained after Red
SEPHARCSET" chr omat ogr aphy. The SP SEPHARCSETM col unm was subsequently

| oaded with said |liquid phase conprising the coll agenase proteins and
further inpurities. Following the |oading step the colum was washed with
Buf fer Si andTdllat:iQuntficationof edllagensestypoldnddi perk a@agst ri pai n and t he

col | agenase proteins were collected in_ separate fractions. The col |l agenase
protein fracti on wasNoonRetentiert émey difgkd | trafi dreadlgakarsa 5 nM HEPES, 1 niV
CaCl2, pH 7.5 (in the follownhy al so mAdérmed tp as(timBuiber Q").

Col | agenase type | @ant type PBlprotlei ns2.0#8e separat e€l81n a subsequent
peparative Q SEPHARGSET" chdd#at ogr aphy0¥ep. A Q SEPHARCSET" if col utm was
firstly washed with ater; &flberwards8S.ha4 a col un®8.Vbl une|of 4 M
guani di nium HO was| $passed PHPough t hél.gxdumm, | fol | bwetl by a further wash
with water, one pass ®ach vikt3h 0.5 M Na@H7and D.5 MHEL, a further wash
wth water and finallg an d§u@7li brlati 0683# t he| col ubhli th Buffer QL. The

| i qui d phase containihg|the 16&dl | agenase2§i7ot ei hs obtarhed affter SP
SEPHARCSETM chr omat pgs aphy was4applii ed36.8901t he col unt2.14bout |1-2 col um

vol unes of Buffer QL swere applived tjo the4twl um| and 12.he fl owthrough was

di scarded. Col | agenpse type 28.9and tlype é.B433rotel ns wer.e elufed separately
by appl yi ng a concentinati on 2gmadi ent conpsissi ng[ 25 cod.som  vol unes, starting
wth a ratio of 95% Buffer QL, 5% Buffer @ (5 M HERES 35|nM CaCl2, pH
7.5) and ending with a ratio of 5% Buffer Q an () Q. Elution of
proteins was nonitored. Collagenase type | and Il proteins were collected
in separate fThetdtalnsaknekavier icdliagehass typg [IHRbEimmabdhthined foseeheBxanpll e 5) .
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several non-collagenase proteins.

The total peak area for intact collagenase typel protein is obtained from the
intervals between 14.36 min and 15.87 min, and accounts for 10.2% of the total
peak area. Degradation products are detected in the intervals of 15.87 min and
17.54 min (29.7%), and 17.54 min and 19.61 min (12.1%). Taken together, the

peak area related to collagenase type I accounts for 52% of the total peak area.

The ratio of type I/ type II collagenase protein therefore corresponds to 52 / 28.1

which approximates the value of 1.85.

In the following, a novel method and workflow for the purification of collagenase
type I and type II proteins is presented which particularly overcome the effects of

degradation of the target proteins by other proteolytic activities.



gquantification of the area under the peaks as shown is given in Table 1.
-33- Table 1: Quantification of collagenase type | and Il peak areas No
Retention tinme, Area Area/Peak area mn mAU * mn (time) %1 0.81 2.6433
0.87 2 1.64 2.0993 0.69 3 8.16 85.4644 28.13 4 9.75 31.2364 10.28 5
12.35 10.0797 3.32 6 15.87 30.8374 10.15 7 16.47 90.2817 29.71 8 17.54
36.8901 12.14 9 21.39 6.4197 2.11 10.33.98 6.3435 2.09 11 24.63 1.5335
0.50 E 99.99 The total peak area for collagenase type Il protein is obtained
fromthe interval between 7.29 mn and 9.75 mn and accounts for 28. 1% of
the total peakxampla9 The peak in the interval between 9.75 mn and 12.35 mn
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sulfaté had dlssolved completely, the prec1p1tate wae allowed to form for between

about 10 min and about 20 min. Subsequently, the precipitated matter was isolated
from the remaining liquid phase by centrifugation. The isolated precipitate was
either directly redissolved for further purification steps (see the Example 9) or
stored at between about 2 and about 8°C for up to 2 weeks or at -20°C for more
than 2 weeks.

Example 10
Hydrophobic interaction chromatography (HIC)

The isolated precipitate obtained by way of the procedure of Example9 was
dissolved in an aqueous buffer containing 5 mM CaCl,, 20 mM HEPES, pH 7 and
the conductivity of the solution was adjusted with ammonium sulfate to a value of
about 95 mS/cm. The solution was applied to a chromatography column with
Phenyl SEPHAROSE™ 6 FAST FLOW (LOW SUB) (General Electric, GE 17-0965-
04) as the stationary phase. Before, the column was equilibrated with a buffer
containing containing 0.6 M (NH,4),SO4, 5 mM CaCl,, 20 mM HEPES, pH 7.

While loading the mixture with the collagenase proteins on the column, the flow-
through was discarded. Subsequently, the stationary phase with the bound
collagenase proteins was washed using an aqueous washing buffer containing 0.6 M
(NH,4),SO4, 5 mM CaCly, 20 mM HEPES, pH 7, whereby the conductivity of the
wash buffer was about 95 mS/cm. Typically, between 10 and 15 column volumes of
washing buffer were passed through the column for the washing step. The washing

buffer flow-through was discarded.

The collagenase proteins were removed from the stationary phase by performing
isocratic elution with an elution buffer composed of 5 mM CaCl,, 20 mM HEPES,



-34- Exanple 9 Precipitation of collagenase type | and type Il proteins from
cleared culture supernatant Al steps described in the follow ng were
performed at a tenperature in the range of between about 2C and about 8C,

if not indicated otherw se. A neasured anmount of solid amoni um sul fate was
added to a cleared culture supernatant which was obtained by
ultrafiltration of a C. histolyticumligsid culture with ACROPAKTM 500
filter material (see Exanple 1). Ammonium sul fate was added to the
supernatant stepw se over a period of between about 20 min and about 30
mn, and di ssoHvadvisyebyshd eqnidpetivitytaf theawdshriwiffec wacahtstet wWith apin@ign M was
reached. Aft CGulfaErAVIRRI L i Al SR QMg QTRLERE Voluhlie
precipitate mai b %ed to formfor get about 10 m n and about 20 m n.
Subsequent | y, cuHan Bpikivsie passed thrgpghuthe §”Wso|ated from the remaini ng

i quid phase by centrifugation. The isolated precipitate was either
directly redi a$einagetly, gradiant teheion pussiferfoabddostasing path( § eeM tCu€lExmNe 9) or
stored at bet ahaut u o] e o} for nore
than 2 weeks. ¥%§2%pEQU7 %ﬂéggg@ﬁg %%ﬁﬁgfg 5%??%n‘%ﬂ$%h§%%€%' %d % ﬁ%) The
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colum with PhéiaylthSERHARGSETMeE WiHAST aﬁtil@Wa(lLQ)dvlanB)VO(l@ea@f BufftEIZect r| c, GE
17-0965- 04) as the stationary phase. Before, the col um was equilibrated

with a buffer TheQnbkl &H wl&pﬂt@iom BYH. dudd CO¥hni c%lmg'\éln@acpt&enﬁo m
HEPES, pH 7. Wi le |lo dlng“& BF?Eiure with the g genase %e s on the

col um, the fMBHYEHFBiTGH FYELCEIAOB AR a?%ba ry phase
wth the bound&aCkold rajyeHBRES, pHGt ei ns was washed u5|ng an aqueous washi ng
buffer containing 0.6 M (NH4)2SO4, 5 nM CaCl2, 20 nM HEPES, pH 7, whereby
t he conductiv@an@glthe wash buffer was about 95 nS/cm Typically, between
10 and 15 col gm huf fer were passed through the colum
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Aliquots of diafiltrated eluate obtained by the procedure of Example 10 were used
for stability tests. Table 2 shows the effect of the reduction of clostripain and tryptic
proteolytic activities. Comparable results were achieved in three independent
preparation lots following hydrophobic interaction chromatography and using
isocratic elution. Compared to the C. histolyticum culture supernatant, the
tryptic(“tryp.”) proteolytic activity was reduced by a factor of between about 100
and about 400, and the clostripain (“clos.”) proteolytic activity was reduced by a
factor of between about 100 and about 150.

Table 2: Reduction of unwanted proteolytic activities

Preparation lot 1 2 3
Proteolytic activities clos. | tryp. | clos. | tryp. | clos. | tryp.
Reduction factor 100 | 385 | 150 | 208 90 100

The stability of the collagenase type I and type II proteins in the preparation at this
item was remarkably high, already. MONO-Q™ analytics were performed as
described in Example 5 to characterize the eluate(s). Figure 1 shows an overlay of
four chromatograms. Samples analyzed directly after hydrophobic interaction

chromatography and following an incubation for 2d, 3d and 6d at 4°C were



The col | agenase proteins were renoved fromthe stationary phase by
performng isocratic elution with an elution buffer conposed of 5 niM CaCl2,
20 MM HEPES, - 35 pH 7, whereby the conductivity of the wash buffer was
adjusted with amonium sulfate to a value of 76 nS/cm To this end, between
15 and 20 col umm vol unes of elution buffer were passed through the col um.
Alternatively, gradient elution was perforned starting wwth 5 mM CaCl2, 20
mM HEPES, pH 7, whereby the conductivity of the solution was adjusted with
amoni um sul fate to a value of about 95 nS/cm ("Buffer 1"). The end

co )ncent L ati Onco?hfpaifélaleAg Ez&?li)di‘sl‘één WeBigore MMHeakdin p(lealmonflb’!;ﬂdEH’E@,t? pbllager(a'léeBuf fer

2"). The tota ol une the gradient typi.c s .10 colu val.unes.
After gradien efeflpﬁéjtfgn(ﬁdtnﬁemgo eglcr’jfﬁ%an 3 “)e{ﬁﬁl fgtdanz/éi/i tpgme{ﬁg’reéldldlldfmg]ﬁﬁealﬁo col um
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chr omat ogr aphyeveAhtleysotegerofafteti @&f dhyisr sipeckimhieht eheolirgdsngdrtbyf tthe tprabcedur e of
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results were peehi eved in three independent preparation |ots follow ng

hydr ophobi ¢ i nteracti on chromat ography and using isocratic elution.
Conpared to tiigs GaexPe@édieyili hgivbltHatimbstiof tieUPehRRE dRdteolith@actiVikiylhie "t ryp. ")

proteolytic actjvit S reduc by a factor of hetween about. 100 and about
B0, o t he. Eibi bt sk orleREcE the desed Bfe Tt Bre dRRIT R FEE b SRen by o
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proteol ytic agld phhi§S BT &R A the?lopfinfzafof P LBO kA bdty BE Lbilghbigs cl 0s.
tryp. clos. tryp, clos. tr. Reduction factor 100 385 156 208 50 100 The

stability of ©Re!R®f€ikgenase type | and type Il proteins in the preparation
at this itemwas remarkably high, already. MONO QIM anal ytics were
perfornmed as Exhegd¢ibed in Exanple 5 to characterize the eluate(s). Figure 1
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hydrophobic interaction chromatography

Following after hydrophobic interaction chromatography as described in Example
10, the ratio of collagenase typeI and II proteins was determined. MONO-Q™
analytics were performed as described in Example 5. The integrals under the peaks
corresponding to the collagenase type I and II proteins were quantified. To this end,
Figure 2 depicts an exemplary chromatogram. The quantification of the area under

the peaks as shown is given in Table 3.



chr omat ogr aphy and follow ng an incubation for 2 d, 3 d and 6 d at 4C were
-36- conpared. As can be seen in Figure 1, the main peak corresponding to
col | agenase type Il protein did not markedly change in height and the

i ntegral under the peak did not change detectably. Taking the integral
under the main peak corresponding to collagenase type | protein at 0 d as a
reference (100% there is only a slights; gradual decrease after 2 d (about
99%), 3 d (about 98% and 6 d (about 85%/0 Nevert hel ess, even after 6 days
approximately the largest part of the total collagenase type | protein
remai ned i nt aCdble® Ruhtifagiod obyollafeial zpegtraanulup@eraretahe peak. This
unexpected result shows that nost of t unwanted proteolytic activities
which |ead to | oss Do FReehsthige,df therelesir eld preatPRilngeef e al r eady
renoved at this stage pf thaimpuri f|i catAhNm®r Kf | owtinkdrdy renoval of the
unwant ed proteol ytiic mctivitogs wds foursd2to be crua.® for|further

optim zation of the recpvery70d col|lagenase type I prafein. | Exanple 12
Quantitative deternm rmat| on oR4bhe rjat 3es.@fgocol Ilagenasesd ype |1 and |
proteins after hydrophpbiCc pnileraqgti omg chwonat|ogr aphys4ol Tow ng after

hydr ophobi ¢ i nteracfli®pn] Chr QF@E 0gr dphyo@sg;3gescrii bed igiExanple 10, the
ratio of collagenasg gype T 1880 I'T |Prayes3zy was| detefgnyned. QrM

anal ytics were perflorjregd as ggscri ged wld@ganpl e 5. Tlng integral s under the
peaks correspondi ng to the colftagenase type T an% lll&{ or eins were
quantified. To this end, Figure 2 depicts an exeffptafry—ehromatogram The
quantification of the area under the peaks as shown is given in Table 3.

-37- Tabl e 3:TKU@dli fehle afeh GBr @Jllag@JaL@%QHSﬁokMpg dbtﬁﬁé‘lﬂ hbnpﬁ@km@h%as No
Retention tinme, Ar OArea/dP§a}g ea, mn mfA 0 nff] gai)p 79 4.1512
0.38 2 7.90 Mmegg0miignd 3 mig Sadachmdlosgo4th otjheto aief‘ls 4.44 5
15. 65 509. 8739 46.13

The total peak area for intact collagenase typel protein is obtained from the

interval between 14.79 min and 16.50 min and accounts for 46.1% of the total peak
area. Due to proteolytic attack there are additional C-terminally shortened forms of
collagenase type I protein in the interval between 16.50 min and 19.00 min which
account for 16.3% of the total peak area. Thus, the aggregate peak area for

collagenase type I protein is 62.4%.

The ratio of type I/ type Il collagenase protein therefore corresponds to 62.4/30.4

which approximates the value of 2.

Example 13
Cation exchange chromatography

Residual clostripain and other unwanted proteolytic activities were removed from
the mixture of collagenase typel and II proteins obtained by the procedure
described in Example 10 by means of cation exchange chromatography. A cation
exchange chromatography column (SP SEPHAROSE™ FAST FLOW resin,
Amersham Biosciences) was equilibrated with an aqueous buffer containing 5 mM
CaCl,, 20 mM HEPES, pH 7. The diafiltrated eluate obtained in Example 10 was
applied to the chromatography column and the collagenase type I and II proteins
were chromatographed through the stationary phase using the equilibration buffer
as the mobile phase. The effluent from the column was collected in fractions.

Fractions containing collagenase activity (assay see Example 2) were pooled.



6 16.50 179.8359 16.27 7 23.89 14.1003 1.28 E 100 The total peak area for
col | agenase type 11 protein is obtained fromthe interval between 7.90 mn
and 9.21 mn and accounts for 30.4% of the total peak area. The total peak
area for intact collagenase type | protein is obtained fromthe interval
between 14.79 mn and 16.50 m n and accounts for 46.1% of the total peak
area. Due to proteolytic attack there agf_additional C-termnally shortened
forms of collagenase type | protein in the interval between 16.50 nmn and
19.00 mn which account for 16.3% of the total peak area. Thus, the
aggregat e peagx @lior collagenase type | protein is 62.4% The ratio of

type I / type.1l e t herefor.e corres ond to 62.4/30.4
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was eqU| i br ab &M G@h S%Maaﬁg%spfﬂ)gﬁf(e?uf@éﬁ Jaiti] ﬁ@fi/e&‘] with aa Calllyvi HEPES,
pH 7.5. The 5mM HEPES, pH 7.5 (“Buffer II”). Collagenase type I and type II protems were

obtained in separate fractions. Collagenase type I eluted at a Buffer I/Buffer II ratio
of between about 44%/56% and about 6%/94%; collagenase type Il eluted at a
Buffer I/Buffer II ratio of between about 76%/24% and about 67%/33%.

Example 15
Determination of N-terminal amino acids of purified type I and type II collagenase

proteins

Separately obtained type I and type II collagenase proteins (see Example 14) were
subjected to N-terminal sequencing of amino acids by way of Edman degradation

and analysis using a PROCISE® Sequencer (Applied Biosystems).

For the protein isoform corresponding to the most abundant Collagenase type I
protein species in the preparation of Collagenase type I, the N-terminal sequence I-
A-N-T-N-S was detected.

For the protein isoform corresponding to the most abundant Collagenase type II
protein species in the preparation of Collagenase type II, the N-terminal sequence
V-Q-N-E-S-K was detected.



m xture containing collagenase type | and Il proteins obtained after the
purification step of Exanple 13 was | oaded on the columm and adsorbed to
the stationary phase. Subsequently, washing step was performed by passing 3
colum vol unes of the equilibration buffer through the columm. Elution was
performed by applying 25 colum volunmes of a linear Ca 2+ ion concentration
gradient. Elution started with 5 mMCagd 2, 5 nM HEPES, pH 7.5 ("Buffer ")
and ended with 35 MM CaC 2, 5 mMHEPES, pH 7.5 ("Buffer 11"). Collagenase

type | and type Il proteins were obtained in separate fractions.
Col | agenase tEgpengle s uted at a Buffer |/Buffer Il ratio of between about
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protein speci Egbl?‘ﬁ the preparation of Collagenase type I, the N-term nal
sequence V-Q NE-S-K was detected. - 39- Exanple 16 Conpari son of
purification Failefestivity bf desi@dt int @/ mggatoeid on of clostripain Activity of
clostripain was detected as described in Exanple 3. Coll agenase type I and
type |l were|i Joltdtned separateld firom sevetal| bat ches6of | cul t yr e@super nat ant
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The data further illustrate efficient removal of clostripain activity in the “A”
preparations. As a result, degradation of the respective desired collagenase enzyme
was significantly reduced and provided the basis for an enhanced quality of the

enzyme preparations.

Example 17
Determination of tryptic activity in preparations of collagenase type I and type II

preparations

Activity of trypsin was detected as described in Example 4. Collagenase type I and
type II were isolated separately from several batches of culture supernatant using
the procedures of Example 9 to Example 14 (“A” preparations). The preparations
were analyzed with respect to residual trypsin activity in the preparations. The

results are summarized in Table 5.



Coll. 1, (A 0.01 0.017 0.023 0.027 0.019 Coll. 1, (B) 0.04 0.11 0.075
Coll. Il, (A 0.042 0.059 0.049 0.051 0.053 Coll. 11, (B) 0.09 0.3 0.07
0.153 Coll. = Collagenase 0 = average The data further illustrate efficient
removal of clostripain activity in the "A" preparations. As a result,
degradation of the respective desired coll agenase enzyne was significantly
reduced and provided the basis for an egphanced quality of the enzynme
preparations. Exanple 17 Determ nation of tryptic activity in preparations
of collagenase type | and type Il preparations Activity of trypsin was
detect ed as dEsde 5:Redvitynofixgsjnie Mmgpadteingenase type | and type Il were

i sol ated separately from several batches of culture supernatant using the
procedures of Edmpl e/ 9 #0 Exarple 14 ("A" prepar@ions). The preparations
wer e anal yzed OnlltIh(A)es@edri4 1 6.00@Si |2k r GOXII A | AOVOMIty i n the preparations.
The results| @slé Ik upd.00088 | 00T akl 000864 + @0804Tablogodt | Activity of trypsin in

U ng protein E@} g(h%r?lo.en4 5670 Coll. I, (A 0.00014 0.00015 0.00021
0.00013 0.0001%" ~Col'f8¢"f¥, (A) 0.00053 0.001 0.00064 0.0004 0.00064 Coll. =
Col | agenase 09=awwgage The data further illustrate efficient renoval of

tryptic activity in the "A" preparations. As a result, degradation of the
respective deshd eHtL GhkRgeMaseasnEididt wWaswval onithjpeianidivity eduard «and

provi ded the basis.for, an enhapce ual i of t.he, en reparations. -41-
Barent Qo msPAHAEHOUAT b B GG oY K etclf: S ETEr g RETa Bl Thgenase
type | and typesiglifipndy eehsed nodnpeovidedphebasis for tinesnheneedrquslitygoftthe st eps of

enzyme preparations.



(a) providing the conplex m xture dissolved in an aqueous |iquid phase; (b)
formng a precipitate of collagenase type | and type Il proteins by

di ssol ving anmonium sul fate in the liquid phase of step (a); (c) separating
the precipitate of step (b) fromthe |iquid phase; (d) dissolving the
precipitate of step (c) in an aqueous buffer conprising Cat' ions and a pH
between 6.0 and 8.0, and adjusting the_jgonductivity of the buffer with the
di ssolved precipitate to a value of between 50 and 300 nS/cm thereby
formng a conplex buffered solution conprising collagenase type | and type
Il proteins; (e) extracting the conpaext Olafther ed sol ution of step (d) by
contacting the sane with a hydrophobic stationary phase, and adsorbi ng

col I agenase Eyped‘%‘\opﬂqgé %BE ulfyﬂ{ " 't'?fazuw htshﬁytﬁ&rﬁgogggeg %pgﬁ§ﬁ’a 1§agenase
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tryptic activity is_ reduc act or etween 100, and about. 400,
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an anion exchanging stafl ORAN A% FinABthALR LR o e
(f) separating the hydrophobic stationary phase with the adsorbed
collagenase type I and type Il proteins of step (e) from the extracted
solution;
(g) eluting the collagenase type I and type II proteins from the stationary
phase of step (f);
thereby purifying the collagenase type I and type II proteins.

2. The method according to claim 1, characterized in that after step (c) in the
dissolvable matter of the precipitate the clostripain proteolytic activity is
reduced by a factor of between 90 and 150, and the tryptic activity is
reduced by a factor of between 100 and about 400, relative to the respective

proteolytic activities in the dissolved complex mixture of step (a).

3. The method according to any of the claims 1 and 2, characterized in that the
collagenase type I and type Il proteins of step (g) are further purified by
cation exchange chromatography, whereby further residual proteolytic

activity is further separated from the collagenase type I and type II proteins.

4. The method according to claim 3, characterized in that the type I and type 11
proteins obtained after cation exchange chromatography are separated by

performing the steps



col | agenase type | and type Il proteins to the stationary phase; (B)
eluting, in separate fractions, coll agenase type | and col | agenase type |
proteins fromthe stationary phase of step (A); whereby col |l agenase type |
and col | agenase type Il proteins are purified separately. 5. The method
according to claim4, characterized in that about 82% of the coll agenase
type | protein in the collagenase type_},fraction obtained in step (B) has
a nol ecul ar wei ght of about 114 kDa. 6. The method according to any of the
claims 4 and 5, characterized in that about 82% of the col |l agenase type |
protein in the col(Aageomaeirdghe furtlet patifi@ncollogehadengst Ii ahdShgPll pBteins
N-termnally intact. .1 Th ho ccordi to any of t.he, clai 4 to 6,
characterized in that 1ﬁéa90%§é r%%%?ﬁHQCFQ%FFQIﬁﬁx$héngh%¢%grPg§g%ase type
| fraction obtained i olageps¢ Bpe I ard typsH prdieins wobeistadorgdy Rifasgy of protein. 8.

The nethod accordig teRutikahRphratChaiRaE, bllagEithsd fipt Natd @M RIPpeaf the
col | agenase type |l protein.in Lhe col

| agenase tyR_ Il fraction obtained in
step (B) has a nolecuﬁ%ﬁwﬁﬁpﬁﬁV'Sﬁmﬁﬂﬁﬁﬂngﬁﬁﬁﬁaﬂ g. The met hod according to
any of the cl ai ns wheathy &llagdhateaypel ianédollagebdattypedbqudteB3%reofputified
col | agenase type %g%g%g&ein in the coll agenase type Il fraction obtained in
I

step (B) is Ntermnally intact. 10. The nethod according to any of the

claims 4, 8 and 9, char%cterized in that the clostripain activité in the
the col | agenage typ¥ Methpd de90rgng Ehelaimmbgchapctsriay! in tpt akout 3% efHan about
0.07 U mg of prot &jotlageidse tyifed prgeihad tecetiighnig tie [arétion obtamedlidbtep 4 to 7,

characterized in t a first neasured of col |l agenase type | protein
in the coIIagenasé%?b%E”POk?§%B$?%ﬁO%%ngﬁggﬁ%h step (B) and a second

nmeasur ed amount of collagenase type Il protein are blended in a subsequent
step. 12. Theb-met hOw meded arsegding taagy of the iklairey 4japg 54 chagacgiiged in that
characterized in tdbatt 8% bf the toliBamse 19Fe Byroten inQhe £t RYRRHSE! ftd¢A6n | |
protein in the collaﬂeqﬁset-ig-.éyﬁg Il .fraction obtained in step (B) and a
second neasured anSUAPCGP StepdP) SQEIRERwY AT brotein are bl ended in a
subsequent step. 13. Use of acfurified preparation of enzymatically active
Costridium 7. The method according to any of the claims 4 to 6, characterized in that the

clostripain activity in the the collagenase type I fraction obtained in step (B)

is less than about 0.04 U/mg of protein.

8. The method according to claim 4, characterized in that about 93% of the
collagenase type Il protein in the collagenase type Il fraction obtained in
step (B) has a molecular weight of about 112 kDa.

9. The method according to any of the claims 4 and 8, characterized in that
about 93% of the collagenase type Il protein in the collagenase type Il

fraction obtained in step (B) is N-terminally intact.

10.  The method according to any of the claims 4, 8 and 9, characterized in that
the clostripain activity in the the collagenase type II fraction obtained in step
(B) is less than about 0.07 U/mg of protein.

11.  The method according to any of the claims 4 to 7, characterized in that a
first measured amount of collagenase type I protein in the collagenase type I
fraction obtained in step (B) and a second measured amount of collagenase

type II protein are blended in a subsequent step.

12. The method according to any of the claims 4, 8 and 9, characterized in that a

first measured amount of collagenase type Il protein in the collagenase



hi stol yti cum col | agenase enzynes obtai ned by a nethod according to any of
to clains 11 and 12 for producing a blend with a further proteolytic enzyne.
14. Use of a purified preparation of enzymatically active O ostridium

hi stol yti cum col | agenase enzynes obtai ned by a nethod according to any of
to clainms 11 and 12 for producing a |yophilizate. 15. Use of a purified
preparation of enzymatically active Coggridium histolyticum collagenase
enzymes obtained by a method according to any of to clainms 11 and 12 for
processing a tissue sanple, whereby collagen present in the sanple is

di gest ed. type I fraction obtained in step (B) and a second measured amount of

collagenase type I protein are blended in a subsequent step.

13.  Use of a purified preparation of enzymatically active Clostridium
histolyticum collagenase enzymes obtained by a method according to any of

te claims 11 and 12 for producing a blend with a further proteolytic enzyme.

14. Use of a purified preparation of enzymatically active Clostridium
histolyticum collagenase enzymes obtained by a method according to any of

te claims 11 and 12 for producing a lyophilizate.

15. Use of a purified preparation of enzymatically active Clostridium
histolyticum collagenase enzymes obtained by a method according to any of
te claims 11 and 12 for processing a tissue sample, whereby collagen present

in the sample is digested.



