Growth medium for C. histolyticum without ingredients of mamalian sources The present invention is in
the field of microbiology. Particularly, the invention deals with the optimization of cultivation media for
Clostridium histolyticum. Background of the Invention The genus Clostridium encompasses
rod-shaped Gram-positive bacteria which are 5 obligate anaerobes capable of producing endospores.
Clostridium includes common free-living bacteria as well as important pathogens which include C.
botulinum, C. difficile, C. perfringens, C. tetani, and C. histolyticum. The latter is known for producing
collagenases which are exotoxins and act as virulence factors, e.g. by facilitating the spread of gas
gangrene. Collagenases normally target the connective, 10 tissue in muscle cells and other body
organs. Owing to tHerpytBIPadIfeE Gdisiehtir rithont dagre disateobmpmalintssuE6f8 other
proteinases such as thermolysin are used for tissue dissociation in vitro. C. histolyticum can be isolated
from soil. Howevéhetipechadtenivemtiondsely thearfibld wommdsbidl bgstoRaitankaidyn thetictiptaomerobic and
can grow weaklygnapiabirabprimiaauRaiecuesidn meulius Craisim ANHsREAdes. are the main

carbon source of C. histolyticum which secretes a variety of enzymes capable of hydrblyzing peptidic
bonds. For technica acplic(f\ti S lcoIIa enases from C. histolyticum, i.e. the collagenase of type | and
AC U nve n . .. . . .
type Il, are of pa%rp‘&ﬁgﬁ%e—e% -g- tor dissociation of organ tissue 20 in vitro. Importantly,
collagenase digepHogLfRANGIHMInHSSHS i IE e - UsadndRaRIsRATReARRSsh islAtoof human
islet cells. Howev%ﬁrié number of othe Eﬁf{frent specn‘lcgell typesézave eer’{ﬁgflated from attendant
connective tissu& hHARARGRAPES raRRBIA Y RpoducIE RIRRIRES HRL BT IARS RS FRIPSBOR S from
cartilage, myocyfeeeflomhbactenndsostoplastadrtmt lpetieog2sA wphadtivatlade dnthgelizinat € .
histo/yticum can Jagse §U@%wﬁ%%&guentfy%;p Alarte i mesia and iteg ey uRdrges
amounts of proteolytjc enzy %ch are secreted intq the culture mediym. - éﬁ-ﬁRU 2180002
discloses a medBHTT R 3 ifEAEAOTES IR AS5 Ao BRI HfstEi§tiQlim
comprising caseifaalitd tiag beaspoih dake sy grogyeate (ollagveasas redimally wagetabdiornutibtydrogen

phosphaig monofidiaie riaas el RUUARE B PSR GHRYIRI th PYHHNN IR ARR{lEY R vIRiamine
bromide, folic 5acid, c§lmum pantothenate, FICOtInIC aciq, |I§§IC acid, and biotjin. WO 2003/025136

e
discloses a gelatti e P RATRTR ARSHm e AB IR AP B SERFEHRTD a0 3Nl s A REMG N Mse from
Clostridium collageenogdriansissu©d28070898&1vitrocloses media compositions and processes useful for
fermentation of C. histolyticum. Proteinaceous constituents of the media included 10 phytone peptone,

yeast extract, praiehis hapioncanirypiosiatad dryaiionik YReRiRR alexbaatsidhvasdeuntbthad

porcine-derived protegse poptans supRorisd.ne growih gtihe, ¢ istolicum.siraine whichyinder
these conditions Secleted collagenace enzymes into the cultire Broth. The culture mearum with
proteosd peptonéngihaisgtimadin in Grivradrethieeamd Raptiden a5 the ariscriden WusessHin-
15protease. The sy oiGCuhiskoleticatsd hamAiobealiyyersitagable usapdanimmg-gepwadt products
such as brain hegrtniélgusion (e.g. Jozwiak, J., et al., Enzyme and Microbial Technology 39 (2006)
28-31). However, the requirement of proteinacious material of mammalian origin in the media gives rise
to concern over possible 20 contamination of the media. In particular, concern that the medig may be
contaminated wifPhASFiraicahaRRISRISpotaRFPa MR Spathip PPSH T chtidhf RO ARfeRess Rther
infectious and hampédl agbtyipe iésircts harticsaiulimpertdfraay dgcforsdisokietddnonh cigah tistwres,
especialjy In therapaHic RRIRANADScdilideniie RO MaMR AL dsliek gty sipte of he

art have certain 25 disadvahtages.’'In view of this 1t is an objective of the invention to provide alternative
compositions forffeBRSRATatpR Rt rbRmn St imagydnletc cells- AoaYESTa? ORISR fledthfEntion is
the provision of ghiffetbnmepkeifreecdf typenhatiabedarisekitied) fedim nitefdatiiecommretite tisuention aims
at providing liuighgaia,Afs eyt ink (RSN of Coatieiplticuin INEEIURNAMad 8 aR,30 Cblective
of the invention to provide media n of enzymes with collagenase activity into the

which support secre
culture medium, %ﬂ{&‘?ﬁgg’fé’?é{ﬁw é]%Lhﬁ%rE/ Oéfﬁﬂ?\’/?%%ﬁé’mi Wfrification of the enzymes from

culture supernatant at a large scale. - 3 - The inventors have surprisingly found, that the combination
of fish géhatin ané [REpetisdsedurniagerio thafofr-histabriidion cBuReesdbIness ithegsoveantifigsiéal problem.
Summary of the kipidioRy @A frsiasnart of tagulRYENpRsis:iouiscomposijeotéelysipparfingsgrowth of
Clostridium histoly}tlilccl,rjlrgrgrgd rseeE(c;reltril?nt%;%ollt?ger&?es(ﬁume composition comprising water, a peptone of
non-mammalian SOUTCe and a fs gé’la A TUrther aspéct of the invention is a sterilized liquid
composition according to the invention. Yet, a further aspect of the invention is the use of a composition
according to the .Pt@iﬁ% iSRS FSERIRRE AL I R BRI RE gt B N el iy IRRBIBNIC protease
with collagenaseraotivity .c¥igentiseheliaaspe chohibdiunyeoitinalspapethedddrparaffircisih a supernatant
of a Clostridium histolyticum liquid culture, the supernatant containing one or more proteases with
collagenase activity, the method comprising the steps of (a) providing a sterilized composition
according to the 15 invention with an inoculum of Clostridium histolyticum bacteria; (b) growing and
cultivating (= making a culture, preferably a batch culture, of) the bacteria, whereby the bacteria secrete
the one or more proteases with collagenase activity into the liquid phase; (c) separating cellular and
other particulate matter from the liquid phase; thereby producing the culture supernatant with one or



5 population occurs. Both daughter cells from the division do not necessarily survive. However, if the
number surviving exceeds unity on average, the bacterial population undergoes exponential growth.
The measurement of an exponential bacterial growth curve in batch culture can be monitored using
well known 5 practice, such as bacterial enumeration (cell counting) by direct and individual
(microscopic, flow cytometry), direct and bulk (biomask), indirect and individual (colony counting), or
indirect and bulk (most probable number, turbidity, nutrient uptake) methods. Bacterial growth in batch
culture can be ith, four differenf.phases: lag phase (A), expanential ar | hase (B),
stationary phas@%ﬁ%#ad bséllzla(&??spﬁ %eék%ﬁ'. %)Sfﬁf]?ﬁ%atlga %)‘Pu%gé]‘%%cﬁ&%?izg?a i%é?fﬂg?ﬁg lves to
growth conditioridostrigliive peisiolyisnetecorapnidinglsabtincenda soebraatuweihcaled hydpdyzabte to divide.
(B) "Exponentiatphaee ingruartiias-as@aaliaddiiodiosa iHpiphete IoadnphadRlds foRRERh
characterised b¥1 CC$II dé)ublm%. Tglte n&wlaertof new acteriaggﬁ)earin%fer 15 L!Jnit tm%e isf éﬁroportional to
the present popuYa TGRS BrOV\RPl I no Ymri?e%, BB ﬂf:}?NiﬁlconﬁﬂBe at o ColstARTTEE s Hoth the
number 9f cells &id tatchare RAohsRaiennicotitiseddlineis wiid, @adbiitsecutive time period. The
actual rate of growth depends upon the growth conditions, which affect the frequency of cell division
events and the wabaodizy0os 13sth digtighder aeligehiivibingd Efgonentiaba0 giedihncatyiot entinue
indefinitely, hovﬁéﬁ? 3?0%?8?&&?0@1%%@%‘ﬁ%%%@eq?&@@@s f; (%trrri%gfp éaénd enriched with wastes. (C)

S 5]){ Hoyorars. :
Durlng station ase’, the growth rate slows as a result or nutrient pletion and accumulation of

toxic products. Thi se is reached. as the bagteria begin to exhaust the resources that are available
to them. (D) At SQQFE é%?géelctg’i%flﬂfﬁsoLR“S%ﬁutﬁgﬁ‘[goéﬁﬂ)ﬂ?e.?\'ﬁgpﬁl@gﬁﬁ?min{j% cieSfundergo
sporulation in thfsrpieasation wfalityisvdiinbatioteuiasoutheoivtitpidsed thre metlisahdededd. The

cells doypot reprggltegdrpeyraopssvithadt ©plicioan d SRpHEUALPIORRINY ARt iRsledeasiithmic phase
growth is often not ever constznt rgte but instead a%segﬁag decaying rate, a constan gr:(l)ﬁ%lastlc

response to preSSUASE bothe* &Y uE’?ea%\ﬁ‘dRB%’é‘eg LRP1RXiSe RERECBE FUBRAHEh et
concentrations gnovitlereésthg Washestodraamrationes Avtpndptondeisthestesioddiassbedargdnixture of

any of various Wg%ﬁ%@'@:ﬁ?fﬂ@@%ﬂ@stﬁk%m@e%ﬁﬁﬁrw 'éﬁﬁ_%x‘éuﬂi&ihm r@iﬁ'@ﬁft%%e'”s to
amino acids. A pe%tone IS freqrgen%/ obtained by ﬁanzgnfgltlc di estlprhor acid r%/d({ol?és‘_s. of 35natural
products, such RERIRRSEAYArLpBmizatn GLdet 1o squrs g RGPS Fhi Feecred osPiimber of
availabl peptorgetamsg.extracts which can promote and sustain the growth of most organisms. A
peptone comprises fragments of proteins and the composition of the fragments depends on the
composition of pratebadtpresEnt.akiehenas bhdlikolisillySfetraridnthe the pbteiddasviar the
production of a ne is a waste [fo rising.during t ction,of nd diary. proguce.
However, a vari@t%? %O Cp?séf)%tlgwlgg %a?ael%\ggﬂgtﬁféﬂfgégrﬁ éﬁ%&%ﬁ%z?é%%énﬁ g.o%at%dsﬂgb%ﬁ:bga‘?naterial and
any processing TrsharsTiesyd? 43090)#8afibh Hrweerathedegritemenio hrsaifinrdeus mataitnents of the
source) before ryfdralytimisdiatmetigia ninbhe ohedliapgivggs fidother ihaiegaptides gp@sibie acids can
be part gf a peF’E%%‘?aIﬁEBE?&Ffo? forxamplg %%Hﬁﬂl’ﬁ? SR ”Hﬁt”}ﬂ‘éﬂ E’&‘??tr%‘%re}tgd by one

or more proteolytic enzymes. In addition to containing small peptides, the res tln'g spray-dried material

can include fats SAdtMNasAswitapain Srantmssible serngifiorsy radcrbaippiiby< TRE) tHtsal ¥ mple for a
peptone-containigenmeditherddfatioh hehHainfifsleigdie]healscy eiermseflinbgrefraag fitdr's BHI is a
highly nutritious r I¥ igh, i iC seful for fastidious
microorganisms%%ggn%%%%%%ﬁ%@%%ﬁgﬁ %ﬂﬁtﬁ&?ﬁ%& %Lﬂg%&‘gg%ﬁ‘e hearts and brains. Soluble
factors are released inE) thel broth durin tg%b iling procedure. The bro(tﬁE an then be turned into
powder for easy diEfribltisH DETAB fBANEH ir}”%éj?é%lf@ & Egﬁﬁl pse iﬁéﬁlﬁt St5FE Rxtracted
from colagen cohsadviantagssnéotiviewsofiethis niuliscetulehjestinealef (ithetdnvemisonCl ayenigeoteins,
herein collectivejwégierrd doraso£QHAYeDr YA aSlusPR! IMOGHeRiR breEXHRepMaHMALIIX.

Collagen proteins are known to occur nat only.in higher animals such.as mammals.bug even.in very
orimitve sea spEREATE sHodh LTS B e RROR ottt D SRl BB e of al
animals. The colzajematielecierivednisigre e in divithexnpuigplistideventiis taphatchevidingich are
wound around oRgANeHRETINR WkRiRNRIX eaRERREAN T HISHERIBASHY. 1A sERHzAR.DY Rygdrogen

bonds hetween collagen cules, which happens as the gnimal ages, A collagen.molecule of three
aipha cRline wot R R ISR A R TR, TR (0 PRRE) SPL WSS diameter
Each alpha chaiwiBasdlsgensimestkity 050 srmicdmesionedinm aed poferlely, nenewnts ailishy different
amino acids in egrfwalRBadhRIpaikLielaash MeikyHee RHEE Al esB-amtaAtanids largen a
specific repeated glattern. Glycine, which represents a third of the amino acids content, is in repeated
sequence with WO Sther amino acids. This - 7 - might be represented as glycine-x-y. It is not unusual
for x to be proline and y to be a hydroxyproline residue. Gelatin is an irreversibly hydrolyzed form of
collagen proteins and is produced by partial hydrolysis of collagen extracted from skins, bones,
cartilage, connective 5 tissues, organs, and some intestines. The chemical composition of gelatin is
similar to that of collagen. Gelatin is formed when the natural molecular bonds between individual
collagen strands are broken down into a form that rearranges more easily. Thus, gelatin melts when




- 9 - Very surprisingly, fish gelatin could be shown to enhance collagenase volume activity in the culture
supernatant (see Example 6, Table 3). Therefore, another aspect of the invention is the use of fish
gelatin in a nutrient medium for growth of Clostridium histolyticum and secretion of enzymes with
collagenase activity 5 therefrom. A further aspect of the invention is a composition comprising water, a
peptone from a non-mammalian source and a fish gélaﬁn. In a preferred embodiment of the invention,
the composition is a liquid nutrient medium. It is understood in this regard that in the composition

according 10 the-pyeqRRde RRRHBHSnLE BRRERIRSR BBihnasiPUrER ATy atper

ingredient are 10 dissolved in water, i.e. form a solution. Due to any gelatin ingredient the viscosity of
the solution can BEIAGRLr4FAY u?é‘\ﬁ’até‘m:@ﬁrﬂg}%iﬁ?f‘dimﬁoﬁ? Sty ?io?%aqvgfeléet’ﬁg@’ﬁ%m
mammalian souedleith respect to its amino acid content. Although all gelatins are composed of the
same 20 amino acids, fish gelatin comprises a lower amount of imino acids, proline and 15
hydroxyproline, wmﬂlamar@qmiéh@atins from mammalian sources. In a preferred embodiment of
the invention, the hydroxyproline content of the fish gelatin is between about 78% and about 56%
comparedl to calPskirstgasatiet. hf dhotlveptisie riedigud sdmpritadnh o myeppioritgegproiiheofontent of

the fish gelatin i%*&%?W&ﬁ%@h%Wmaﬂﬁi%@8‘&&36%@%@%@&%@5&5@9@%% g are
different types of fish gelatin avallfxble commercijally whlchaggn b\% UE%;I 1) %(saﬁr}u rient media.according
6% AR’ iRt

to the invention. Y& S%&ryROQS StIeRER3 Y RS Lethcted from
the group consigtegm¥etitiom is rackeclizadwisigid Gsmpetiim Gdrdclingftohthelatienivngdetin from a

kosher species qf,fitfar aRgiMuridie Haeeaeh i ia) usisbaye fing Alpdsasiesitedaifg keshrr: shellfish,
invertebrates such as, molluscs,, crustaceans, echinoderms, and other non-fish water fauna

i.e. aquatic : :

are not Kbsher. TRUENR (PE(CHS SHRBO AL AP tnd RUZHH Gk AFH SIS KRR SBbcles of ioh is
gelatin from a spsitesssiish ¢pllagenpieagiting etnel fucthes aspestvdrthennviantiefairadnethbddiment of
the invention, thggopesnication offisiniR.aeldfnandhesgmposition atine Iyeatienliaetween about
2% and about 10%), \{vh?repg t giggcenga(i]ﬁrriln(%icatggewei%]EII_PIE/ Yalume Wh(i:n.gyhe fl30|atﬁld ash gelatin
is dry matter and v%?urrlﬁea%y vorame wheh ThE LG RISHER GEratR |sgﬁaﬁf ALY, TRSRLURA more
preferred embodiATaprigingh&hinveisont (ae pmfééhtgamﬁed%ﬁsﬁ eeimpiesi weiveerdtigott 896 and about
8%. - 195- AccoidingiRsheithvanisshendeptipgridithe RUHBRESABROSKISN IS FRRaiNSEom a
non-mammaliancsu ree. Ingzver krﬂlucq pcruel{%rréed ?é?ek)gg{me otfchhelilrln{l(;ntiozl tﬂg—:-e pbefttone is a plant
product. Even more pref1 red, the pegptone i5 o & pfan YsGurée e ecEe(ffrc()) the groﬁﬁr&nsisting of
soy bean, broadWeziebpéhe Hsierr seqete thexane dianwst prottaseefeitbdcalrepristoaeigSelected

from the group chnsigietafi@phidey @1 QepYegieiabi yepiadetied fipiader Miake@of1>thid VG200
Vegetable peptone phosphate broth from Pea (VG % Merck TSB CASO-Bouillion animal-free (TSB),
uirogen oy bRG SRR ot By prOTLRE e e ML b G e BHOUERS
Organo®thnie Path seBesaracs ROHBIN-pdeitod Harther skeehial ibenireettive gisrdingti®rgiguration of
the nutrient mediuFeandapenions aoingedatian moparpestedsad iviahvenllngeahsoreteinied emmodiment of
the invention thatthe compaositi ccording.to the invantion compri two or,more different peptones,
wherohy the a0 R iR 8 St P o0
and about 10% \WRTBReBa| @eFeTHEN 19 okBe rERESsRER Nthwity grBg AR edBRnthtieleBridieplant

peptones in the ¢asiapasiionbis tehy el gabeiisndadahoing e beighihwheldbpahbbaoetier very

much prgferred em iment of ion ing| f 1S, presant | nutrient

com pos%jon of tESC%%%%O%?%V%@@%%%§e%¥§n§’%%%1%%€§§%?§i"ﬁﬁg tglr%c?d uggurﬁ;g%%fﬁ of BP, EIP,
Soy bean peptoriéPeriing\&stgar éﬁg\?@fbmaéﬂﬂ%%@b?%@'%%é%ﬂ#&ﬂ% #fs pHISESRE in the
pompqsition i_s abbuiiﬂﬂfgwﬂightblmtelwnpemnp;mtamoﬂa_pﬁsiﬁg/ mfppreferred;&mbas_dimeﬁhof the
Invention, a S'”g%fbéggngv%i?gw'ﬁBﬁ?S@BHHa‘J&%” HEE%@%:‘EB}%‘P?%E'OJ‘ Rfrlﬂ@r'@é?@&oaf"i’ﬁ‘eereby the

peptone is VG100, a e 25cgncentration of the peptone In the composition is about 2%

y : :
weight by volum&VFPERefrd RSB IMMEEVERGORT tHROPH BREEHiELORTBLESN YétBetween pH
7 and PBI8. Evenoﬂngmp)er.gfettmiﬁs ﬁnoph-l Gﬁw@umbbthmeﬁapmdth}Ye%thpa ofirtager prgfgrred
embodiment, the,compgsiiaARTEILOME B INYE AUt cHlEAsh RS 47 AR HMEcomposition

is made free of any self-replicating. organism, Sterilization can be achieved by standard methods known
to the skilled perggﬁ,t’ B f@ﬁﬁ@ﬁf@&b@égram&§|avﬂ@@#‘ﬁ%% SRS FERRY to the
inventic_)n is partidnﬂgbhptesﬁfu_htmetedﬁwaﬁmgdﬁlmwipmtéds«toly_ﬁt’mmbagqmia. aktm@t ipl_tefehmd
embodument of MR FeR s ekelaiea copaslian Arcopna R eInNEriRnA L RIRY

comprising an ino¢ulum of Clostridfum histolyticum bacteria. Equally preferred in this respectis 5 the
use of afomposhitticadbsrahig IBtARIRgyAntIHTS: SREUAAARECIG RAlHHNGI sy BBE Y B creting
therefrom a proteaseavivwidi aghagsasecivtitytyXeoor dirglyltaroihperaapent didebyeidiioings a method
for producing one or more purified proteases with collagenase activity from Clostridium histolyticum,
comprising the steps of (a) providing a sterilized composition according to the 10 invention with an
inoculum of Clostridium histolyticum bacteria; (b) growing and cultivating the bacteria, whereby the
bacteria secrete the one or more proteases with collagenase activity into the liquid phase; (c)



non-mammalian source is a plant product. 8. The composition according to item 7, characterized in that
the plant source of the peptone is from a plant source selected from the group consisting of soy bean,
broad bean, pea, potato, and a mixture thereof. 259.The composition according to item 8, characterized
in that the peptone is selected from the group consisting of VG100 Vegetable peptone No.1 from pea
(VG100), VG200 Vegetable peptone phosphate brotttrom Pea (VG200), TSB CASO-Bouillion
animal-free (TSB), Soy bean peptone No110 papainic digest (SP6), Broad bean peptone (BP), Plant
peptone E1 frompoige Gl RoriOpiA @ piLEde Rk cofizchdsc Basamansiionagraigpg to item o,
characterized in that the composition comprises two or more ‘different peptones, whereby the aggregate
concentration oftif )ﬁféWpeptones in the composition is between about 2% and about 10% weight by
volume. 511. The composition according to item 10, characterized in that the aggregate concentration
of the plant peplgiakiea Desaspthonroiiine pout 5% weight by volume. 12. The composition
according to item 9, characterized ig that the peﬁatone Is selected from the group consjsting of BP, EIP,
Soy bean pepton® B ETIES 145 éﬂ&\?@?%,%ﬂé@%h@ﬁﬁ %5‘1%?%# YdBtndin the
composfiion is dhisutesertiptisig oif hiyevplesere. i 8erftive cBonpbeiporpassartithg poeitenh iByem@goacterized in

that tl‘?tebpe ptlon@hié %ﬁi&%e%ﬁé%’éﬁﬁ%& Wﬂi@ﬁ%ﬁ@l&t@eﬁié@ %?qtﬁhm%ﬂﬁ,i%%ﬁ %msagit,i@gc&@zquttﬁ‘f
weight by volume. . The composition accqrding to any, of the jtems 1 ta 13, characterized in tha
the pH of the c&ﬁ?ﬁo‘%’hﬁiﬁﬁ BEt ttﬂ-‘f%%ﬁ'ﬁ‘ﬁh%_ H%r.tl,&l]gté:ﬂf?ﬂ%‘& e&ﬁ&%ﬁﬁa&&%&mﬂ to any of
the items 1 to 1fbrile beleevcbnthesitient af eordiffjctoiitelefin e dhiomeiniognob ddiergnansifiotulum of

Clostridium histgbicun PasiesiahAlfinideq QfaeamBeRjtion according to item 15 or item 16 for
cultivating Clostridium histolyticum and secreting therefrom a protease with collagenase activity. 18. A

method for prodyicing, &, supernalanh ok Clestidien pistahicum iauid culire, dns pupsnagant
containing one or more proteases with collagenase 25act |ty,rfhe Method co rising theé steps of (a)
providing a sterfi/P&d ctiipbdredh wirpaeviABeY s et ciraianth iMm B myr¥eitg Bad Bultivating the
bacteria, whereByUirlaatieriazseqese)thainre3ogmansdp@éadseMyith coNagenase, atliyity.into the
liquid phase; 3%(%())31%%%2 inlgsc(el'%lﬁr ?(??’5%15@{ particulate matter from the liquid phase, thereby
obtaining a culture superndtant, - 14’- thereby producing a culture supernatant with one or more
proteases with collagenage activity. ;. 19, A method for producing one or more purified, proteases
with collagenasé & W;W&?Hréfﬁgtri’diﬂfﬁqﬁgt@fﬁ ?ﬁﬁpé’&ﬂﬁﬁéﬁg"fﬁ%“g@‘bgrﬁ% af Geiﬁ’dﬂ*?g a
sterilizeld compasitimam/findmdimgeblum ctoserdsaglidiverted 61”(b) growing and cultivating the bacteria,
whereby the bacteria secrete the one or more proteases with collagenase activity into the liquid phase;

10(c) separatinggehta&nd ofharparticelated hatien e refthedighichphasso b aiabybipintag a culture
supematant; (d) jsplating,ihe onG,or more potGases witg collagenasegetivil fiom the puliyre
supernatant; 15there y producing ofic or more purilﬁed proteases with Xo‘ﬁ'agenase ac%vity from
Clostridium histéWﬂBQ#ﬂ‘t”O‘.’ﬂAa@éW@Wﬁl@@ﬁ?ﬁ%{h@%r@@ﬁ% proteases with collagenase
activity from Clostridium histolyticum, obtainable by the method of (a) providing a sterilized
composition witiverindssignatiagcordigg tof inemm &b vab) growing saandondévatitionrengactheia, whereby
the bacjgria secygie e e PLIHYEPLOLEASBRWLRCOlARY Hidbvigla et ange:

(c) separating cellufar and other particulate matter from the liquid phase; 25thereby obtaining the

culture supernataHicBiphng wieborRbRy piotedesgnated Jrage insadesiagimshensitdium
histolyticum. Theafade@vyirnd) texanhiihsrateaptheifed taladd The higherdiandiagyosfitte: dagantédvention, the

true scope of whigh is;seliatitdsdng aepeNARASlAIME IS BRgswach At edifGatiRig.ean be made
in the procedures set fortﬂ,sﬁwgg%géwdepae[ltmg from the E?%{r}lt of the invention. - 15 - Example 1

General working BBhditd SHPPATEG BRETSHSE IKBIY DBeteria or bacterial cultures were
performed under sterile conditions applying standard laboratory practice in microbiology. 5 Anaerobic
culture2ivere kdpnoheated Afrendseatimospaeidandfbadioierm 2bompandihe shagpderransfer of
inoculum was paifesmbeheigevathtianifieicakyaiee aoftipitg atmespheiecatadanallaminar flow
hood. All media esclrriltﬁ_?erdgf thilsv dnoc%me%l\e/verr(leu%%ﬁlcigﬁd @;{u%Ut0+%@’in%fA%%Stf9§ﬂteS ofi the pH, in
the range of pH Q- p 74 it Aot indiChte otherwise, were made betore autoclaving. If ot
10indicated oth@wis@3 1 mixcach 8- Wasmdaedasertha srany dkewecavdhsediaractaliquotdrof

autoclaved mediamisieafrodingll aheekedifar PiuehANtSEribes a preferred embodiment of the

30 invention, the value of n is most preferred, if not indicated otherwise.

gdgvandte

Bacterial “growth” is the division of one bacterium into two idential daughter cells

during a process called binary fission. Hence, local doubling of the bacterial



Example 2 Seed culture, seed bank and starter culture of C. histolyticum bacteria Clostridium
histolyticum strain BMTU 1175 which is a derivative of ATCC 21000 15 was used as inoculum of a
volume of 100 ml of liquid growth medium consisting of 3.7% of BHI and 3.0% of G1 dissolved in water
with a pH adjusted at pH 7.2. The culture was incubated for about 26 h under anaerobic conditions until
an optical density at 578 nm (= OD578,,m) of 5.6 was reached. Aliquots of 1 ml of this liquid culture
were sealed in ampullae, frozen and stored in the gas phase of liquid 20nitrogen. The aliquots served

as the primary seedibagl B HHEthesH AshRIPLAT SRR GiRSE auieRdasaraythaxperiments in
different media were preg%rag by inoculating 100 ml of a liquid. medium containing 5% RWI!I VG100 with

the contents of HAYfY<e Ak MR ATa, SHRE VL B6RRS tha bk 1o AFREREEnBFomEcSE & onditions at
30C overnight qroptuBatio fionadbengd & hexipionien tiak giaeah a Tidume oframelty df0thnekpo26ttiall) as

e gf . R e mecia v

assessed. Liquﬁrﬁfﬁﬁﬁe?%b@?h%ﬂﬁﬁ?ifﬂ?%ﬁg‘?ﬁit% t%ﬁﬂfﬁfﬂﬁt& Hynéitrﬁfaiéﬁfg&"éfMe,

incubations of thmicuiteesdafted gadmdurindieat ek palindnmasiffarehitaomandaimdsvehalor more

cHtre superma o B D e ol 4
ulture su oteolyti ity | ultu

were assayed. P[RS gt ‘regﬁfée&fr{earﬁgmb lfﬁé’ﬁ'iéjfeﬂ%ﬂg IR’ Wﬂéﬁéia“ﬁﬁh%‘.“if not

indicated otherwli$ferourpkasentleg ldsin ghe deaptmgiteh aslpg meastatR) intitatety phasei¢6d,by volume

[w/v], agjusted QgiprR AHORIY (19), For example, a concentration of 3% [w/v] of a given compound
corresponds to 3 g / 100 ml of medium. In the case of G4 which is a liquid ingredient, the concentration

given as percen indicates %, volume hy volume. .. Adjustments of the in the,range of pH 7.2 -
N 7.4 1 not A B EhER T R e T R SR R

CaCl2 was addeerisst whese she edividynldastaria ity SmEIEINg ptixfy Alataieisepi®ie
compounds testEkpageaudhphadiafdheeviatonst eilpd he ‘TsyaisehMievider1gyo phatelasignation or
catalog no. A2SC S eptone ALSC S ean Organotechnie, 19649.A3S5C S eptone A3 SC Soy
ean Orammete T R T B e o L RITIRAR! oprone
AM41 $8y bearhtifghimstdsHpraPAareB LA theiRseant PoRSsHBoiheRpiDicarobaitedBP Broad
bean peptone BfoablipganlFiskaindiz4h EdrMasetpepsdirtthe number of cells and the rate of

population increase doubles with each consecutive time period. The actual rate of
growth depends upon the growth conditions, which affect the frequency of cell
division events and the probability of both daughter cells surviving. Exponential
20 growth cannot continue indefinitely, however, because the medium is soon
depleted of nutrients and enriched with wastes. (C) During “stationary phase”, the
growth rate slows as a result of nutrient depletion and accumulation of toxic
products. This phase is reached as the bacteria begin to exhaust the resources that
are available to them. (D) At death phase, bacteria run out of nutrients and die.

25 Spore-forming species undergo sporulation in this phase.

In reality, even in batch culture, the four phases are not well defined. The cells do
not reproduce in synchrony without explicit and continual prompting and their
logarithmic phase growth is often not ever a constant rate, but instead a slowly
decaying rate, a constant stochastic response to pressures both to reproduce and to
30 go dormant in the face of declining nutrient concentrations and increasing waste

concentrations.

A “peptone” is understood as being a mixture of any of various water-soluble
compounds that form as intermediates during hydrolysis of proteins to amino
acids. A peptone is frequently obtained by enzymatic digestion or acid hydrolysis of

35 natural products, such as animal tissues, milk, plants or microbial cultures. There is



Wheat Organotechnie, 19559 E110 Soy bean peptone E110 Soy bean Organotechnie, Al885 E1P
Plant peptone El Potato Organotechnie, 19025 E430 Wheat peptone E430 Wheat Organotechnie,
Al233 ET1 Plant peptone ET1 Potato Organotechnie, 19725 YE Yeast Extract Yeast BD (Difco),
886-08-1 L85 Proteose peptone Mammalian source Oxoid, LP0085 SP4 Soy bean peptone Soy bean
Biofac Denmark, 21 SP5 Peptone from soy bean méd (papainic digest) Soy bean Merck, 7212 SP6
Soy bean peptone N0110 (papainic digest) Hy Pep 1510 Soy bean Soy bean Invitrogen, 152-90059

Kerry, 1510 SPY largelﬁurﬁmrsyiﬂlﬂa@%ﬁm RS QIR REOPFS e RIHRE QR R £atalog no.
r

SP8 HyPep 5603 S 0% RSN ogatisms. XSonB Rag Mk (Rouine

agmeglts of proteins and the
composition of the fragments depends on the composition of proteins present at

the onset of hydrolysis.

5 Frequently the protein source for the production of a peptone is a waste form
arising during the production of meat and diary produce. However, a variety of
peptones are available from plant sources. Depending on the source material and
any processing thereof (such as purification to a certain degree of the proteinaceous
components of the source) before hydrolytic treatment, a number of compounds

10 other than peptides or amino acids can be part of a peptone.

Peptones can for example be derived from animal milk or meat digested by one or
more proteolytic enzymes. In addition to containing small peptides, the resulting
spray-dried material can include fats, metals, salts, vitamins and many other
biological compounds. Another example for a peptone-containing medium is brain
15 heart infusion broth, also referred to herein as “BHI”. BHI is a highly nutritious
general-purpose growth medium which is particularly useful for fastidious
microorganisms It is made by the recuperation of nutrients from boiled cattle
hearts and brains. Soluble factors are released into the broth during the boiling

procedure. The broth can then be turned into powder for easy distribution.

20 The term “Gelatin” refers to a solid or semi-solid substance extracted from collagen
containing connective tissue of multicellular animals (metazoans). Collagen
proteins, herein collectively referred to as “collagen”, have a structural function in
the extracellular matrix. Collagen proteins are known to occur not only in higher

animals such as mammals but even in very primitive sea sponges.

25 Collagen is the major structural protein found in the skin and bones of all animals.
The collagen molecule consists of 3 individual polypeptide chains (alpha chains)
which are wound around one another in a triple helix confirmation. This triple
helix is stabilized by hydrogen bonds between collagen molecules, which happens as
the animal ages. A collagen molecule of three alpha chains would measure

30 3000 Angstroms in length (0.3 microns) and 15 Angstroms in diameter. Each alpha
chain has approximately 1050 amino acids connected together. There are twenty
different amino acids in each alpha chain, and for each animal type of gelatin, these
amino acids are in a specific repeated pattern. Glycine, which represents a third of

the amino acids content, is in repeated sequence with two other amino acids. This



BD (Difco), 123-08-4 TSB TSB (CASO- Bouillion, animal free) Plant Merck, 525 VG100 Vegetable
peptone No 1 Pea Oxoid, VG0100 VG101 Vegetable peptone broth Pea Oxoid, VG0101 VG200
Vegetable peptone phosphate broth Pea Oxoid, VG0200 VG300 Veggietone soy peptone Soy bean
Oxoid, VG0300 Table Ib Commercially available gelatin compounds tested in growth media
Abbreviation Compound Source Provider, product dégi‘gnation or catalog no. G1 Gelita-Sol D Porcine /
bovine DGF Stoess, Gelita-Sol D G2 High molecular weight dried fish gelatin Fish Kenney&Ross,

HMWD G3 KOSHﬁéH{ i Bshasalin BN KeNNGYR RIS &%[?3% RidWe D ISIRINL IR fSgjaney&Ross,

HIPURE LIQUID %ATIN Technical Gelatin) ‘G2T Tryptic digest of G2 Fish G2 was dissolved in
water; before stRfiSLRSPIRIIGHEIHE added to a final concentration of 70 mg/ml: the mixture was
incubated for 1 h at 37C and autoclaved afterwards. G3T Tryptic digest of G3 Fish G3 was dissolved in
water; before stedlpiznionamyiseiversikly hridradyrsd final ebeekegeatinotsimrmndyispradacaddore was

incubated for 1 Baatid7 Gyarslysistasfaviidgafiesnadeled -fidht skins, bones, cartilage, connective
5 tissues, organs, and some intestines. The chemical composition of gelatin is similar

to that of collagen. Gelatin is formed when the natural molecular bonds between

individual collagen strands are broken down into a form that rearranges more

easily. Thus, gelatin melts when heated and solidifies when cooled again. Together

with water, it forms a semi-solid colloid gel. Depending on its concentration,

10 gelatin can form a solution of high viscosity in water, which sets to a gel on cooling.

Certain forms of gelatin are used as ingredients in the food industry. To this end,
large amounts of gelatin are produced from mammalian animals such as cattle, pigs
and horses. However, gelatin from alternative sources are known, e.g. fish gelatin.
Methods for the extraction of gelatin from fish have been known for some years. In
15 such methods the collagen rich fish skins (particularly of warm water fish species)
and to a lesser extent, swim bladders, are treated, to form and extract gelatin. Fish
with fins and scales (kosher fish) represent a more palatable source for orthodox

Jews, Moslems and many vegetarians.

In nutrient media for growing microorganisms such as bacteria and fungi, peptones

20 and gelatins can serve as an organic source, e.g. for carbon and/or nitrogen.

In the biotech industry a number of technical enzymes for use in pharmaceutical
processes are produced in large-scale fermentation processes. An example therefor
are C. histolyticum collagenase enzymes for the dissociation of organ tissue and the
subsequent isolation of target cells from the dissociated organ tissue. Because the
25 microbial culture producing the technical enzymes takes up components from the
growth media, it is desireable to develop peptones and extracts free of mammalian

pathogenic agents. There is a particular safety-related concern regarding prions and
BSE.

For the present invention the authors of this document evaluated peptones from
30 non-mammalian sources as nutrients in a medium for Clostridium histolyticum.
The aim of this study was to provide a liquid medium which (i) supports growth of
the bacteria and (ii) which stimulates secretion of enzymes with collagenase activity

into the culture medium. Particularly preferred media stimulated a high volume



Example 4 Assay to determine collagenase proteolytic activity Collagenase proteolytic activity was
measured by a standard method in Wuensch units (Wuensch, E., Heidrich, H., Z., Physiol. Chem. 333
(1963) 149-159) using a 5 synthetic peptide substrate. Collagenase proteolytic activity catalyses the
hydrolysis of the modified substrate ("Wuensch") peptide
4-phenylazo-benzyloxycarbonylPro-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 1.J.M peptide per minute at 25 C, pH

71 10The subsy ae:g; e URIEICIEIAASEUPSIRIR JAS PARLIN? Salionpgat 2

concentration o 10 mg su stra ep tide were fII’St ISSol he volume

of the solution WAS" Efa?sléﬁ%“lldrﬁh By Hﬁﬁ‘énipm Thiwere psgsry diff F’iﬁ’ﬂﬁé?‘?é%@é?ﬂgl?ﬁere a0.1M
CaC12 solutiontio padesararstprosedbastiib mmiéntemedisidiinedofrb Vallen2. JBhts plinyl-destete and 1

volume part 15%%&&@&%@9&%@&%@%tupeas %?J%PJQ‘#QE%H—? R HPIHERRAGINg

0.35-0.4 g (NH4)2504. Before use each drg{n tube was sealed wjth"parafilm. Control and sample

reactiong were SBPRYY in8EinRlk Godbith G%é‘?@ll&?ﬂﬁﬁ%p@ftﬁ@ B UHIMBkABS: Step
SolutionControl ¢estpataeSamptévaesn dxp ek Brdsty atee plestidiedd nbidlowl DaEx2thplenf0ahdnkiMix, warm to

25C 25ample MalEaBAPSLRLCLMCIRAGY Bk A0% T NIRRIR 8 AP A AC; after

incubation an aliquot of the incybated solution is transferred to a volume ©f the extraction mixture
3Incubated soluﬂﬁﬁ"‘iﬂa&@baﬁ)%%%"sw E2hlSdion mixture6 miém1 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 intol bgvetBmsenstfremwinciom! (R axtaonam, piwetwangmémﬁ- Theferegoiigulate

volumejgctivity Mx&luterélvwer@l anZQﬂeﬁ dugaguRdeiaclionyatirisl) Phuierfgtarcaléde AA =

&ampl,A, - - -1/4ontrﬁl luti 1%”%& g one or more enzymes with collagenase proteolytic

activity. If necessary, samp eersﬁg E Ifi the assay was prepared by diluting the solution. For each

measurement the respective dilution factor (d) was adjusted and chosen in order to finally result in an
extinction value AthRagh 6 ¥ampot beny siyREvEe taalanperiamsbased ianrisnbansdiam Withred from

bacterial cells aB%eBHS paslasshykel béddiémrhalIwﬁtaegh&ﬂi&wﬁblkm@vmumt&mﬁﬂﬁkhggenase and
known actvly welgiSslethas deleuanese R UGS oflobie bahaelananasy 5 d type Il

enzymes the measured activity of co glenase Ilis USU& %peater an the activity o enase I,

when 18perforring FGWHY %%‘é%‘%gﬁl HaLERL RIS drefé XCAW, fratiares %d@suﬁdér/?he
conditions appliB® dayltmeasorddy)rptediyti actyismilaintysidfiedis aolidlgenraseaitipetenieample 5

Growth of C. h'%IBM&C%%'@H'@8”&%%@'349'8%0”?5%5%5” 9@&@’“@?%@5ﬁ%§§@&0f@%&“” Table 2
provides a number of media_for the cultivation of C, hi toty ach table en%yeq%ﬂows the
ingredients of th@%EB%Eﬂ{}ef?ﬁéBRBﬂ“m%%m@%a%%QSﬁ g8 ’lﬁﬁ‘f’\f\‘/’é@ HEFGERY agstifization of
the medium andleocuigtiosition caseprsipgl watae indabupapedneheutreait fnoras ipboulatedtdollowing pH

adjustmgnt V_vithslél%a%qr@tnel 0f RERVSRRPST a?—\?@‘i‘O@WZ étam@%m?@m PRSRVRS. Cultures
were grown into 5%5&8? onary phase correspgndln ubatl or about 40 h under standard

conditions. The ShInrareTAPTaRh 7¢t l"%/d t’o Q%éﬁﬂ?mﬂ?e el the culture
was terminated cascmttamthefcﬁ)%a@ﬁhdsécmwmmatmwﬁ%(élﬁolamda Supbeantpeptcee Example

4). In the table vqli1e 1B§€£HYétydi &tV%smWy%nésHaémﬁ@&{ Igerofamadinm €alse Eﬁi‘&“&ﬁ@ to as "U/1"
in the tabulated dat OSIch%) nd pH of liquid medlﬁtbngore nocrrlatl rowth yield of

C. histolyticum &7 H?P&b‘ghé’ge a%ﬁr@ﬁ?yaﬁﬁ u?ltuf’e QIFERTAUAR gér SHKEF B0 cdrding to
collagedase volpmeéerethdtytiRditk€dtivf theGoveptishitnegein@Dstviayarlapadronipegtirredhn(at 0 12)

(-40h) activity in1\MHhdr b28eArddeBbldiment of the invention the composition has a pH between
about 7.2 and about 7.4 and even more preferred the composition does not
comprise further ingredients. Such a composition provides a first basis for
economically growing C. histolyticum in batch culture and producing enzymes with

30 collagenase activity in the complete absence of animal-derived ingredients.

In order to optimize collagenase volume activity in the culture supernatant further,
media were tested in growth experiments whereby combinations of peptone-based
nutrients and different gelatins were used. The gelatins are listed in Table 1b (see

Example 3). A combination of 3.7% [w/v] BHI and 3% G1 served as a reference.



1.7494 29 3.7% BHI 7.4 1.2 493 - 20 - Rank Culture no. Composition (peptones) pH (at 0 li) OD (-40
h) Collagenase activity in [UM 3 17 3.7% BHI 7.4 1.3 460 4 82 5% VG100 1.9 451 5 185a 2.5% SP6
2.5% VG100 1.6 446 6 195 1.5% SP6 1.5% VG100 0.6 443 7 145 59/0 BP 1.7 428 8 175 2.5% SP6
(Lot "B") 2.5% VG100 7.4 1.6 409 9 9

Very surprisingly, fish gelatin could be shown to enhance collagenase volume
activity in the culture supernatant (see Example 6, Table 3). Therefore, another
aspect of the invention is the use of fish gelatin in a nutrient medium for growth of
Clostridium histolyticum and secretion of enzymes with collagenase activity
5 therefrom. A further aspect of the invention is a composition comprising water, a
peptone from a non-mammalian source and a fish gelatin. In a preferred
embodiment of the invention, the composition is a liquid nutrient medium. It is
understood in this regard that in the composition according to the invention the
compounds, i.e. the peptone(s) and the gelatin(s) and any other ingredient are
10 dissolved in water, i.e. form a solution. Due to any gelatin ingredient the viscosity of

the solution can be higher than pure water.

Fish gelatin differs from conventional gelatins from mammalian sources with
respect to its amino acid content. Although all gelatins are composed of the same 20
amino acids, fish gelatin comprises a lower amount of imino acids, proline and
15 hydroxyproline, when compared with gelatins from mammalian sources. In a
preferred embodiment of the invention, the hydroxyproline content of the fish
gelatin is between about 78% and about 56% compared to calf skin gelatin. In
another preferred embodiment of the invention, the proline content of the fish

gelatin is between about 93% and about 74% compared to calf skin gelatin.

20 There are different types of fish gelatin available commercially which can be used in
the nutrient media according to the invention. In a very much preferred
embodiment of the invention the fish gelatin is selected from the group consisting
of (i) high molecular weight fish gelatin, (ii) liquid fish gelatin, (iii) gelatin from a
kosher species of fish, and a mixture thereof. Fish must have fins and scales to be

25 kosher; shellfish, i.e. aquatic invertebrates such as molluscs, crustaceans,
echinoderms, and other non-fish water fauna are not kosher. Thus, in a preferred
embodiment of the invention gelatin from a kosher species of fish is gelatin from a

species of fish (pisces) having fins and scales.

In a very much preferred embodiment of the invention, the concentration of fish

30 gelatin in the composition of the invention is between about 2% and about 10%,
whereby the percentage indicates weight by volume when the isolated fish gelatin is
dry matter and volume by volume when the isolated fish gelatin is liquid matter. In
an even more preferred embodiment of the invention, the concentration of fish
gelatin is between about 3% and about 8%.



185b 2.5% SP6 2.5% VG100 1.9 403 10 94 2.59/0 VG100 2.5% TSB 1.7 401 11 171 1.25% SP6 (Lot
"B") 1.25% VG100 1.25% TSB 1.25% BP 7.4 1.5 374 12 90 5% VG100 5% TSB 3.5 341 13 184 6%
VG100 7.5 2.0 323 14 78 5% SP6 1.9 308 15177 2.5% SP6 (Lot "B") 512.5% TSB 7.3 1.4 307 16 173

2.5% TSB 2.5% BP 7.4 1.5301 17 135 5% E1P 7.4 2.3 294 18
-10 -

According to the invention, the peptone in the nutrient composition is a peptone
from a non-mammalian source. In a very much preferred embodiment of the
invention, the peptone is a plant product. Even more preferred, the peptone is from
a plant source selected from the group consisting of soy bean, broad bean, pea,
5 potato, and a mixture thereof. Most preferred, the peptone is selected from the
group consisting of Oxoid VG100 Vegetable peptone No.l from pea (VG100),
Oxoid VG200 Vegetable peptone phosphate broth from Pea (VG200), Merck TSB
CASO-Bouillion animal-free (TSB), Invitrogen Soy bean peptone No110 papainic
digest (SP6), Fluka Broad bean peptone (BP), Organotechnie Plant peptone El
10 from potato (E1P), and a mixture thereof.

Regarding configuration of the nutrient medium and peptone concentration in
particular, it is a very much preferred embodiment of the invention that the
composition according to the invention comprises two or more different peptones,
whereby the aggregate concentration of the plant peptones in the composition is
15 between about 2% and about 10% weight by volume. Even more preferred, the
aggregate concentration of the plant peptones in the composition is between about

3% and about 5% weight by volume.

In another very much preferred embodiment of the invention, a single type of
peptone is present in the nutrient composition of the invention, whereby the
20 peptone is selected from the group consisting of BP, E1P, Soy bean peptone E110,
VG100, and VG200, and whereby the concentration of the peptone in the
composition is about 5% weight by volume. In yet another very much preferred
embodiment of the invention, a single type of peptone is present in the nutrient
composition of the invention, whereby the peptone is VG100, and whereby the

25 concentration of the peptone in the composition is about 2% weight by volume.

In a preferred embodiment of the invention, the pH of the composition is between
pH 7 and pH 8. Even more preferred is a pH between about pH 7.2 and about pH
7.4.

In a further preferred embodiment, the composition according to the invention is
30 sterilized, that is to say the composition is made free of any self-replicating
organism. Sterilization can be achieved by standard methods known to the skilled

person, e.g. by heat treatment such as autoclaving.



167 5% SP6 (Lot "B") 7.3 1.5 290 19 159 2.5% VG100 2.5% BP 1.7 289 20 72 5% TSB 7.3 1.1 281 21
28 5% SP6 7.3 2.3 279 22 165 5% SP6 (Lot "A") 7.4 1.5 275 24 153 1.7% BP 1.7% TSB 1.7% VG100
2.0 268 25 169 5% SP6 (Lot "C") 7.3 1.6 260 26 183 4% VG100 7.5 1.3 258 27 179 2.5% SP6 (Lot "B")

2.5% BP 7.4 1.6 248 28
-11 -

The composition according to the invention is particularly useful for cultivating
Clostridium histolyticum bacteria. A most preferred embodiment of the invention is
therefore a composition according to the invention additionally comprising an
inoculum of Clostridium histolyticum bacteria. Equally preferred in this respect is
5 the use of a composition according to the invention for cultivating Clostridium

histolyticum and secreting therefrom a protease with collagenase activity.

Accordingly, another aspect of the invention is a method for producing one or
more purified proteases with collagenase activity from Clostridium histolyticum,
comprising the steps of (a) providing a sterilized composition according to the
10 invention with an inoculum of Clostridium histolyticum bacteria; (b) growing and
cultivating the bacteria, whereby the bacteria secrete the one or more proteases with
collagenase activity into the liquid phase; (c) separating cellular and other
particulate matter from the liquid phase, thereby obtaining a culture supernatant;
(d) purifying the one or more proteases with collagenase activity from the culture
15 supernatant; thereby producing the one or more purified proteases with

collagenase activity from Clostridium histolyticum.

Yet, another aspect of the invention is a culture supernatant comprising one or
more proteases with collagenase activity from Clostridium histolyticum, obtainable
by the method of (a) providing a sterilized composition according to the invention
20 with an inoculum of Clostridium histolyticum bacteria (b) growing and cultivating
the bacteria, whereby the bacteria secrete the one or more proteases with
collagenase activity into the liquid phase; (c) separating cellular and other
particulate matter from the liquid phase; thereby obtaining the culture supernatant
comprising one or more proteases with collagenase activity from Clostridium
25 histolyticum. A culture supernatant according to the invention is a complex mixture
comprising not only collagenases but also other secreted proteins. In a very much
preferred embodiment of the invention the supernatant is obtained from a liquid

culture in the stationary phase.

The supernatant according to the invention can be used directly for the purification
30 of one or more ingredient contained therein. Alternatively, the supernatant can be
stored, e.g. in frozen form. However, most preferred is storing a lyophilizate of the
supernatant. Thus, a further aspect of the invention is a lyophilizate of the

supernatant according to the invention.



25 4% SP6 7.31.7 21829 71 5% SP6 3% T 7.3 3.1 218 30 181 2% VG100 7.5 0.4 197 31 143 2.5%
VG200 2.5% BP 7.4 1.5 186 32 74 5% VG100 7.3 2.0 177 33 161 2.5% VG101 2.5% BP 2.1 177 34
133 5%E110 7.3 1.6 166 -21 - Rank Culture no. Composition (peptones) pH (at 0 11) OD (-40 i)

Collagenase activity in [U/1] 35 21 3% SP6 7.3
-12 -

In yet more detail, the present invention is described by the following items which

represent preferred embodiments thereof.

1. A liquid composition comprising water, a peptone from a non-mammalian

source and a fish gelatin.

5 2. The composition according to item 1, characterized in that the fish gelatin is
selected from the group consisting of high molecular weight fish gelatin,

gelatin from a kosher species of fish, liquid fish gelatin, and a mixture thereof.

3. The composition according to item 2, characterized in that the fish gelatin is
selected from the group consisting of high molecular weight fish gelatin,

10 kosher fish gelatin, and a mixture thereof.

4.  The composition according to any of the items 1 to 3, characterized in that
the concentration of fish gelatin in the composition is between about 2% and
about 10%, whereby the percentage indicates weight by volume when the
isolated fish gelatin is dry matter and volume by volume when the isolated

15 fish gelatin is liquid matter.

5.  The composition according to item 4, characterized in that the concentration

of fish gelatin is between about 3% and about 8%.

6.  The composition according to any of the items 1 to 5, characterized in that

the peptone of non-mammalian source is not fish peptone.

20 7.  The composition according to item 6, characterized in that the peptone of

non-mammalian source is a plant product.

8.  The composition according to item 7, characterized in that the plant source of
the peptone is from a plant source selected from the group consisting of soy

bean, broad bean, pea, potato, and a mixture thereof.

25 9.  The composition according to item 8, characterized in that the peptone is
selected from the group consisting of VG100 Vegetable peptone No.l from
pea (VG100), VG200 Vegetable peptone phosphate broth from Pea (VG200),
TSB CASO-Bouillion animal-free (TSB), Soy bean peptone Nol10 papainic
digest (SP6), Broad bean peptone (BP), Plant peptone E1 from potato (E1P),

30 and a mixture thereof.



1.0 160 36 125 5% A482 7.3 2.6 160 37 149 5% BP 2.0 159 38 155 1% BP 1% TSB 1% VG100 1.0
159 39 69 5% SP6 3% YE 7.3 3.2 142 40 139 5% ET1 7.3 13.0 137 41 70 5% SP6 1%T 7.3 2.0 134 42
15 2% SP7 7.3 0.3 131 43 14 2% SP6 7.3 0.6 130 44 68 5% SP6 1% YE 7.3

-13-

10. The composition according to item 9, characterized in that the composition
comprises two or more different peptones, whereby the aggregate
concentration of the plant peptones in the composition is between about 2%

and about 10% weight by volume.

5 11. The composition according to item 10, characterized in that the aggregate
concentration of the plant peptones is between about 3% and about 5%

weight by volume.

12. The composition according to item 9, characterized in that the peptone is
selected from the group consisting of BP, E1P, Soy bean peptone E110,
10 VG100, and VG200, whereby the concentration of the peptone in the

composition is about 5% weight by volume.

13. The composition according to item 9, characterized in that the peptone is
VG100, whereby the concentration of the peptone in the composition is

about 2% weight by volume.

15 14. The composition according to any of the items 1 to 13, characterized in that

the pH of the composition is between pH 7 and pH 8.
15. A sterilized composition according to any of the items 1 to 14.

16. The composition according to item 15, additionally comprising an inoculum

of Clostridium histolyticum bacteria.

20 17. Use of a composition according to item 15 or item 16 for cultivating
Clostridium histolyticum and secreting therefrom a protease with collagenase

activity.

18. A method for producing a supernatant of a Clostridium histolyticum liquid
culture, the supernatant containing one or more proteases with collagenase

25 activity, the method comprising the steps of

(a) providing a sterilized composition with an inoculum according to item
16;
(b) growing and cultivating the bacteria, whereby the bacteria secrete the
one or more proteases with collagenase activity into the liquid phase;
30 (c) separating cellular and other particulate matter from the liquid phase,

thereby obtaining a culture supernatant;



2.2 120 45 157 2.5% VG200 2.5% TSB 1.7 119 46 66 5% SP6 7.3 1.7 110 47 106 5% VG300 1.6 107
48 19 3% SP4 7.3 0.8 105 49 26 5% SP4 7.3 1.5 104 50 163 2.5% VG101 2.5% TSB 2.2 94 51 13 2%
SP57.30.39252 29 5% SP7 7.3 1.99253655% SP6 7.31.8 87

-14 -

thereby producing a culture supernatant with one or more proteases with
collagenase activity.

19. A method for producing one or more purified proteases with collagenase

5 activity from Clostridium histolyticum, comprising the steps of

(a) providing a sterilized composition with an inoculum according to item
16;
(b) growing and cultivating the bacteria, whereby the bacteria secrete the
one or more proteases with collagenase activity into the liquid phase;
10 (c) separating cellular and other particulate matter from the liquid phase,
thereby obtaining a culture supernatant;
(d) 1isolating the one or more proteases with collagenase activity from the

culture supernatant;

15 thereby producing one or more purified proteases with collagenase activity

from Clostridium histolyticum.

20. A culture supernatant comprising one or more proteases with collagenase
activity from Clostridium histolyticum, obtainable by the method of

(a) providing a sterilized composition with an inoculum according to item
20 16;
(b) growing and cultivating the bacteria, whereby the bacteria secrete the
one or more proteases with collagenase activity into the liquid phase;

(c) separating cellular and other particulate matter from the liquid phase;

25 thereby obtaining the culture supernatant comprising one or more proteases

with collagenase activity from Clostridium histolyticum.

The following examples 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

30 departing from the spirit of the invention.



54 129 5% AM41 7.4 1.6 79 55 121 5% VG200 1.8 64 56 137 5% A2SC 7.41.56257 1105/0BP 1.4
60 58 141 5k A3SC 7.3 1.5 6059 102 5% VG101 1.9 46 60 86 5% TSB 1.0 28 61 127 5%E430 7.4
1.4 16 62 131 5%E1 7.4 1.2 9 It was noted that among the media containing peptones only (i.e.
without any gelatin added) BHI was most efficient in igir_nulating secretion of C. histolyticum
collagenase into the culture supernatant. It was also found that volume activity of collagenase was not
merely a function of the OD of the culture.

Example 1

General working conditions

Generally, all working steps involving bacteria or bacterial cultures were performed

under sterile conditions applying standard laboratory practice in microbiology.

5 Anaerobic cultures were kept under a nitrogen atmosphere in incubators at a
temperature of 30°C. Transfer of inoculum was performed under ambient (i.e.

oxygen containing) atmosphere under a laminar flow hood. All media described in

this document were sterilized by autoclaving. Adjustments of the pH, in the range

of pH 7.2 — pH 7.4 if not indicated otherwise, were made before autoclaving. If not

10 indicated otherwise, 1 mM CaCl, was added per 11 of any respective medium.

Aliquots of autoclaved media were routinely checked for pH changes.

Example 2
Seed culture, seed bank and starter culture of C. histolyticum bacteria

Clostridium histolyticum strain BMTU 1175 which is a derivative of ATCC 21000
15 was used as inoculum of a volume of 100 ml of liquid growth medium consisting of
3.7% of BHI and 3.0% of G1 dissolved in water with a pH adjusted at pH 7.2. The
culture was incubated for about 26 h under anaerobic conditions until an optical
density at 578 nm (= ODs7gam) of 5.6 was reached. Aliquots of 1 ml of this liquid
culture were sealed in ampullae, frozen and stored in the gas phase of liquid
20 nitrogen. The aliquots served as the primary seed bank for further use as starter

cultures.

Starter cultures for growth experiments in different media were prepared by
inoculating 100 ml of a liquid medium containing 5% [w/v] VG100 with the
contents of a 1 ml seed bank ampulla, and incubating the bacteria unter anaerobic
25 conditions at 30°C overnight or at 37°C for about 8 h. Liquid media (at a volume of
usually 100 ml or 200 ml) as described further below were each inoculated with

between about 2-4 ml of starter culture.

Example 3
Culture of C. histolyticum in different media

30 Growth of C. histolyticum in different growth media was assessed. Liquid cultures
were incubated in flasks without agitation. If not indicated otherwise, incubations
of the cultures lasted 40 h. During each experiment at different time points one or

more samples were drawn from the culture and the ODsygnm of the liquid culture,



5Example 6 Growth of C. histolyticum in different media: Peptone-based media with gelatin Different
types of gelatin from different sources were added to peptone media. Table 3 provides a number of
media for the cultivation of C. histolyticum. Each table entry shows the ingredients of the respective
medium. In some cases the pH - 22 - that was adjusted before sterilization of the medium and
inoculation. In case no pH value is tabulated, the metfum was inoculated following pH adjustment with
KOH to a value of between pH 7.2 and pH 7.4, if not indicated otherwise. Cultures were grown into the
stationary phas cor nding to an incubation for about 40 h 5 unld r standard conditi jons. The
optical density a %‘algg rererred Saa%n'tdf) ) e S RTRES V\?Cearf tt]ﬁ'l%{ﬂttﬁe ?Naé"iermlnated
as well as the c@lllﬂgél%éié @Iﬁ?}ﬁﬁiﬂ@laéﬂ\m%frﬂiﬁ%’%djlture supernatant (see Example 4). In the table
volume activity is given in Wuensch units per liter of medium (also referred to as "U/1" in the tabulated
data). 10Table 3.igoihpostitowanpipaoédiguidgiediagdiedisatsidtedainonatgeswaray®ith offGiolnistolyticum

and collagenaseaefiyity &EQM&%J“H&%&R%HGPE”& r%%géal@ﬁ%s g%ﬁ%@ﬁ‘é%gﬁ%é%&}'?&e%se volume
activity Rank Cult. No. Composnbon eptones) Composition (gelatins) pH (at 012)

Collagenase acW‘@}%bPU‘f\ﬂ YmMe o Hogdipsed Befotratinsigying X' sxampler 1 @HGeBHAGYE 1.5
VG100 4% G2 &fG%0B4/3 190 2i58h SebhbAd VGGG 3 ¢, 8 WBMI0E el GhGhel % SP6 1%

TSB 1% BP 1% EJE (@fo/ &3&19}9%35 Hﬁdﬁoi/ﬁﬁgdl?éﬁ(;ﬁ‘lé t,7oncentrat10n glven as percentage

indicates % volume by volume .

Adjustments of the pH, in the range of pH 7.2 — pH 7.4 if not indicated otherwise,
10 were made before autoclaving. If not indicated otherwise, 1 mM CaCl, was added

per 11 of any respective medium.

Table 1a

Commercially available peptone compounds tested in growth media

Abbreviation | Compound Source Provider, product designation or
catalog no.

A28C Soy peptone A2 SC | Soy bean Organotechnie, 19649
A3SC Soy peptone A3 SC | Soy bean Organotechnie, 19685
A482 Pea peptone A482 Pea Organotechnie, AI275
AMA41 Soy peptone AM41 | Soy bean Organotechnie, AI230
BHI Brain heart infusion | Bovine BD (Difco), 0037-8
BP Broad bean peptone | Broad bean | Fluka, 93491
El Wheat peptone E1 Wheat Organotechnie, 19559
E110 Soy bean peptone Soy bean Organotechnie, AI885

E110
E1P Plant peptone E1 Potato Organotechnie, 19025
E430 Wheat peptone E430 | Wheat Organotechnie, AI233
ET1 Plant peptone ET1 Potato Organotechnie, 19725
YE Yeast Extract Yeast BD (Difco), 886-08-1
L85 Proteose peptone Mammalian | Oxoid, LP0085

source

SP4 Soy bean peptone Soy bean Biofac Denmark, 21
SP5 Peptone from soy Soy bean Merck, 7212

bean meal (papainic

digest)
SPé6 Soy bean peptone Soy bean Invitrogen, 152-90059

No110 (papainic

digest)
SP7 Hy Pep 1510 Soy bean Kerry, 1510




944 6 197.1.5% SP6 1.5% VG100 3% G2 2.8 944 7 220 0.6% VG100 0.6% SP6 0.6% TSB 0.6% BP
0.6% EIP 6% G3 8.1 933 8 207 1% VG100 1% SP6 1% TSB 6% G3 8.8 928 9 203 1.5% SP6 1.5%
VG100 5% G3 6.0 920 10 204 1.5% SP6 1.5% VG100 10% G3 11.5913 - 23 - Rank Cult. No.
Composition (peptones) Composition (gelatins) pH (at Oh) OD (-40 h) Collagenase activity in [UM 11
221 0.4% VG100 0.4% SP6 0.4% TSB 0.4% BP 0.4% EIP 4% G3 4.6 905

Abbreviation | Compound Source Provider, product designation or
catalog no.
SP8 HyPep 5603 Soy bean Kerry, 5603
T Tryptone Bacto Milk BD (Difco), 123-08-4
(bovine)

TSB TSB (CASO- Plant Merck, 525
Bouillion, animal
free)

VG100 Vegetable peptone | Pea Oxoid, VG0100
No 1

VG101 Vegetable peptone | Pea Oxoid, VG0101
broth

VG200 Vegetable peptone | Pea Oxoid, VG0200
phosphate broth

VG300 Veggietone soy Soy bean Oxoid, VG0300
peptone

Table 1b

Commercially available gelatin compounds tested in growth media

Abbreviation | Compound Source Provider, product designation or
catalog no.
Gl Gelita-Sol D Porcine / DGF Stoess, Gelita-Sol D
bovine
G2 High molecular Fish Kenney&Ross, HMWD
weight dried fish
gelatin
G3 Kosher dried fish Fish Kenney&Ross, KD
gelatin
G4 Liquid fish gelatin Fish Kenney&Ross, HIPURE
LIQUID GELATIN (Technical
Gelatin)
G2T Tryptic digest of G2 | Fish G2 was dissolved in water;

before sterilization trypsin® was
added to a final concentration
of 70 mg/ml; the mixture was
incubated for 1 h at 37°C and
autoclaved afterwards.

G3T Tryptic digest of G3 | Fish G3 was dissolved in water;
before sterilization trypsin® was
added to a final concentration
of 70 mg/ml; the mixture was
incubated for 1 h at 37°C and
autoclaved afterwards.

* recombinantly produced trypsin from Roche Applied Science (Roche Diagnostics

GmbH, Mannheim, Germany).



12 215 1% VG100 1% SP6 1% EIP 6% G3 8.0 886 13 212 1% VG100 1% SP6 1% BP 8% G3 14.0
885 14 217 1% VG100 1% SP6 1% TSB 1% BP 1% EIP 4% G3 6.5 885 15 151 5% BP 3%G2 9 5.6
870 16 208 1% VG100 1% SP6 1% TSB 8%G3 11.9 863 17 147 5% BP 3%G2 5.5 861 18 174 2.5%
TSB 2.5% BP 3% G2 7.4 4.6 861 19 112 18-

Example 4
Assay to determine collagenase proteolytic activity

Collagenase proteolytic activity was measured by a standard method in Wuensch
units (Wuensch, E., Heidrich, H., Z., Physiol. Chem. 333 (1963) 149-159) using a

5 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°
C,pH7.1.

10 The substrate peptide (also refered to as “substrate”) was provided in a solution and
at a concentration of 1 mg/ml. 10 mg substrate peptide were first dissolved in 0.2 ml
methanol. The volume of the solution was increased to 10 ml by adding 0.1 M
TrisHCl, pH 7.1. Further reagents were a 0.1 M CaCl; solution in water and an
extraction mixture consisting of 5 volume parts ethyl acetate and 1 volume part

15 0.025 M citric acid in water. Drying tubes were provided as test tubes containing
0.35-0.4 g (NH4),SO4. Before use each drying tube was sealed with parafilm.

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

pipetting scheme and workflow:

Step  Solution Control test tube Sample test tube

1 Substrate peptide 1 ml 1 ml
CaCl, 0.2 ml 0.2 ml
Mix, warm to 25°C

2 Sample material® - 0.05 ml
0.1 M TrisHCI, pH 7.1 0.05 ml -

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 0.5 ml 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



5% BP 3% G2 5.0 857 20 216 1% VG100 1% SP6 1% EIP 8% G3 12.0 856 21 189 2.5% SP6 2.5%
VG100 5% G2 7.0 856 22 222 0.4% VG100 0.4% SP6 0.4% TSB 0.4% BP 0.4% EIP 6% G3 7.3 834
23 214 1% VG100 1% SP6 1% EIP 4%G3 6.0 830 24 228 1% VG100 1% SP6 1% BP 6% G3 8.7 809
25211 1% VG100 1% SP6 1% BP 6% G3 8.7 806 26 196 1.5% SP6 1.5% VG100 2% G2

AA = Asample - Acontrol

% a solution comprising one or more enzymes with collagenase proteolytic activity.
If necessary, sample material used in the assay was prepared by diluting the
solution. 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.

5 However, usually undiluted culture supernatant cleared from bacterial cells and
debris was assayed. Additionally, standards with known amounts of collagenase and

known activity were tested as references.

In mixtures containing both collagenase type I and type Il enzymes the measured
activity of collagenase II is usually greater than the activity of collagenase I, when
10 performing activity asays using the Wuensch peptide as a substrate. Thus, under the

conditions applied any measured proteolytic activity mainly reflects collagenase

type 1.

Example 5
Growth of C. histolyticum in different media: Peptone-based media without

15 addition of gelatin

Table 2 provides a number of media for the cultivation of C. histolyticum. Each
table entry shows the ingredients of the respective medium. In some cases the pH
that was adjusted before sterilization of the medium and inoculation. In case no pH
value is tabulated, the medium was inoculated following pH adjustment with KOH

20 to a value of between pH 7.2 and pH 7.4, if not indicated otherwise. Cultures were
grown into the stationary phase corresponding to an incubation for about 40 h
under standard conditions. The optical density at 578 nm (also referred to as
“OD”) was determined when the culture was terminated, as well as the collagenase
enzymatic activity in the culture supernatant (see Example 4). In the table volume

25 activity is given in Wuensch units per liter of medium (also referred to as “U/1” in
the tabulated data).

Table 2
Composition and pH of liquid media before inoculation, growth yield of C.

histolyticum and collagenase activity in the culture supernatant; media are ranked

30 according to collagenase volume activity
Rank | Culture | Composition pH oD Collagenase
no. (peptones) (atOh)| (~40h) | activity in [U/l]
1 98 3.7% BHI 1.7 494
2 9 3.7% BHI 7.4 1.2 493




2.2 804 27 148 5% BP 3%G3 4, 5.5 798 - 24 - Rank Cult. No. Composition (peptones) Composition
(gelatins) pH (at Oh) OD (-40 h) Collagenase activity in [U/1] 28 219 0.6% VG100 0.6% SP6 0.6% TSB
0.6% BP 0.6% EIP 4%G3 5.2 792 29 231 1% VG100 1% SP6 1% BP 8% G3 13.2 790 30 233 1%
VG100 1% SP6 1% BP 8% G3 13.4 785 31 223 10{02'58_8 1% BP 1% EIP 4% G3 5.2 756 32 229 1%
VG100 1% SP6

Rank | Culture | Composition pH OD Collagenase
no. (peptones) (atOh) | (~40h) | activityin [U/l]

3 17 3.7% BHI 7.4 1.3 460

4 82 5% VG100 1.9 451

5 185a 2.5% SP6 1.6 446
2.5% VG100

6 195 1.5% SP6 0.6 443
1.5% VG100

7 145 5% BP 1.7 428

8 175 2.5% SP6 (Lot “B”) 7.4 1.6 409
2.5% VG100

9 185b 2.5% SP6 1.9 403
2.5% VG100

10 94 2.5% VG100 1.7 401
2.5% TSB

11 171 1.25% SP6 (Lot “B”) 7.4 1.5 374
1.25% VG100
1.25% TSB
1.25% BP

12 90 5% VG100 35 341
5% TSB

13 184 6% VG100 7.5 2.0 323

14 78 5% SP6 1.9 308

15 177 2.5% SP6 (Lot “B”) 7.3 1.4 307
512.5% TSB

16 173 2.5% TSB 7.4 1.5 301
2.5% BP

17 135 5% E1P 7.4 2.3 294

18 167 5% SP6 (Lot “B”) 7.3 1.5 290

19 159 2.5% VG100 1.7 289
2.5% BP

20 72 5% TSB 7.3 1.1 281

21 28 5% SP6 7.3 2.3 279

22 165 5% SP6 (Lot “A”) 7.4 1.5 275

24 153 1.7% BP 2.0 268
1.7% TSB
1.7% VG100

25 169 5% SP6 (Lot “C”) 7.3 1.6 260

26 183 4% VG100 7.5 1.3 258

27 179 2.5% SP6 (Lot “B”) 7.4 1.6 248
2.5% BP

28 25 4% SP6 7.3 1.7 218

29 71 5% SP6 7.3 3.1 218
3% T

30 181 2% VG100 7.5 0.4 197

31 143 2.5% VG200 74 1.5 186
2.5% BP

32 74 5% VG100 7.3 2.0 177

33 161 2.5% VG101 2.1 177
2.5% BP

34 133 5% E110 7.3 1.6 166




1% BP 6%G3 8.9 740 33 202 1.5% SP6 1.5% VG100 4% G3 5.9 726 34 224 1% TSB 1% BP 1% EIP
6% G3 6.7 719 35 188 2.5% SP6 2.5% VG100 4% G2 6.8 699 36 136 5% EIP 3% G2 7.4 6.1 697 37
230 1% VG100 1% SP6 1% BP 6% G3 9.0 693 38 152 5% BP 3%G3 v 6.4 693 39 232 1% VG100 1%
SP6 1% BP 8% G3 14.0

~21-
Rank | Culture | Composition pH OD Collagenase
no. (peptones) (atOh) | (~40h) | activity in [U/]]
35 21 3% SP6 7.3 1.0 160
36 125 5% A482 7.3 2.6 160
37 149 5% BP 2.0 159
38 155 1% BP 1.0 159
1% TSB
1% VG100
39 69 5% SP6 7.3 3.2 142
3% YE
40 139 5% ET1 7.3 13.0 137
41 70 5% SP6 7.3 2.0 134
1% T
42 15 2% SP7 7.3 0.3 131
43 14 2% SP6 7.3 0.6 130
44 68 5% SP6 7.3 2.2 120
1% YE
45 157 2.5% VG200 1.7 119
2.5% TSB
46 66 5% SP6 7.3 1.7 110
47 106 5% VG300 1.6 107
48 19 3% SP4 7.3 0.8 105
49 26 5% SP4 7.3 1.5 104
50 163 2.5% VG101 2.2 94
2.5% TSB
51 13 2% SP5 7.3 0.3 92
52 29 5% SP7 7.3 1.9 92
53 65 5% SP6 7.3 1.8 87
54 129 5% AM41 7.4 1.6 79
55 121 5% VG200 1.8 64
56 137 5% A2SC 74 1.5 62
57 110 5% BP 14 60
58 141 5% A3SC 7.3 1.5 60
59 102 5% VG101 1.9 46
60 86 5% TSB 1.0 28
61 127 5% E430 7.4 1.4 16
62 131 5% E1 7.4 1.2 9

It was noted that among the media containing peptones only (i.e. without any
gelatin added) BHI was most efficient in stimulating secretion of C. histolyticum
collagenase into the culture supernatant. It was also found that volume activity of

collagenase was not merely a function of the OD of the culture.

5 Example 6
Growth of C. histolyticum in different media: Peptone-based media with gelatin

Different types of gelatin from different sources were added to peptone media.
Table 3 provides a number of media for the cultivation of C. histolyticum. Each

table entry shows the ingredients of the respective medium. In some cases the pH



692 40 96.2.5% VG100 2.5% TSB 3% G2 4.6 690 41 182 2% VG100 3% G2 7.4 3.0 687 42 194 2.5%
SP6 2.5% VG100 5% G3 8.4 685 43 201 1.5% SP6 1.5% VG100 3% G3 3.6 682 44 210 1% VG100
1% SP6 1% BP 4%G3 6.6 662 45 154 1.7% BP 1.7% TSB 1.7% VG100 3% G3 5.7 662 46 225 1%
VG100 1% SP6 1% BP 4% G3 6.5 643 - 25 - Rank

that was adjusted before sterilization of the medium and inoculation. In case no pH
value is tabulated, the medium was inoculated following pH adjustment with KOH
to a value of between pH 7.2 and pH 7.4, if not indicated otherwise. Cultures were
grown into the stationary phase corresponding to an incubation for about 40 h

5 under standard conditions. The optical density at 578 nm (also referred to as
“OD”) was determined when the culture was terminated, as well as the collagenase
enzymatic activity in the culture supernatant (see Example 4). In the table volume
activity is given in Wuensch units per liter of medium (also referred to as “U/1” in
the tabulated data).

10 Table 3
Composition and pH of liquid media before inoculation, growth yield of C.
histolyticum and collagenase activity in the culture supernatant; media are ranked

according to collagenase volume activity

Rank | Cult. | Composition | Composition | pH OD Collagenase
No. | (peptones) (gelatins) (at Oh) | (~40h) | activity in [U/l]
1 199 | 1.5% SP6 5% G2 55 1405
1.5% VG100
2 198 | 1.5% SP6 4% G2 5.0 1064
1.5% VG100
3 190 | 2.5% SP6 10% G2 9.8 980
2.5% VG100
4 218 | 1% VG100 6% G3 9.6 965
1% SP6
1% TSB
1% BP
1% E1P
113 | 5% BP 3% G3 5.7 944
6 197 | 1.5% SP6 3% G2 2.8 944
1.5% VG100
7 220 1 0.6% VG100 | 6% G3 8.1 933
0.6% SP6
0.6% TSB
0.6% BP
0.6% E1P
8 207 | 1% VG100 6% G3 8.8 928
1% SP6
1% TSB
9 203 | 1.5% SP6 5% G3 6.0 920
1.5% VG100
10 204 | 1.5% SP6 10% G3 11.5 913
1.5% VG100

w




Cult. No. Composition (peptones) Composition (gelatins) pH (at Oh) OD (-40 h) Collagenase activity in
[U/1] 47 193 2.5% SP6 2.5% VG100 4% G3 6.8 637 48 92 5% VG100 5% TSB 3% G2 6.4 635 49
226 1% VG100 1% SP6 1% BP 4% G3 5.9 627 50 213 1% VG100 1% SP6 1% EIP 2%G3 2.7 618 51
123 5% VG200 3% G2 6.2 611 52 186 2.5% SP6 Zg% VG100 2% G2 3.8 608 53 227

Rank | Cult. | Composition | Composition | pH OD Collagenase
No. | (peptones) (gelatins) (at Oh) | (~40 h) | activity in [U/l]
11 221 10.4% VG100 | 4% G3 4.6 905

0.4% SP6
0.4% TSB
0.4% BP
0.4% E1P
12 215 1% VG100 6% G3 8.0 886
1% SP6
1% E1P
13 212 | 1% VG100 8% G3 14.0 885
1% SP6
1% BP
14 217 1% VG100 4% G3 6.5 885
1% SP6
1% TSB
1% BP
1% E1P
15 151 | 5% BP 3% G2 > 5.6 870
16 208 | 1% VG100 8% G3 11.9 863
1% SP6
1% TSB
17 147 | 5% BP 3% G2 > 5.5 861
18 174 | 2.5% TSB 3% G2 7.4 4.6 861
2.5% BP
19 112 | 5% BP 3% G2 5.0 857
20 216 | 1% VG100 8% G3 12.0 856
1% SP6
1% E1P
21 189 | 2.5% SP6 5% G2 7.0 856
2.5% VG100
22 222 | 0.4% VG100 | 6% G3 7.3 834
0.4% SP6
0.4% TSB
0.4% BP
0.4% E1P
23 214 | 1% VG100 4% G3 6.0 830
1% SP6
1% E1P
24 228 1% VG100 6% G3 8.7 809
1% SP6
1% BP
25 211 1% VG100 6% G3 8.7 806
1% SP6
1% BP
26 196 | 1.5% SP6 2% G2 2.2 804
1.5% VG100
27 148 | 5% BP 3% G3 > 5.5 798




1% VG100 1% SP6 1% BP 4% G3 6.4 604 54 323 1.5% VG100 0.75% SP6 0.75% TSB 7.5% G4 7.7
600 55 93 5% VG100 5% TSB 3% G3 6.9 600 56 187 2.5% SP6 2.5% VG100 3% G2 5.2 598 57 321
1.5% VG100 0.75% SP6 0.75% TSB 7.5% G4 7.7 589 58 317 1.5% VG100 0.75% SP6 0.75% TSB
5.5% G4 71 589 59 205 1% VG100 1% SP6 1% TSB 2% G3 3.357960 322 1.5% VG100 0.75% SP6
0.75% TSB 7.5% G4 7.7 578

Rank | Cult. | Composition | Composition pH OD Collagenase
No. | (peptones) (gelatins) (at Oh) | (~40h) | activity in [U/]]
28 219 |0.6% VG100 |4% G3 52 792

0.6% SP6
0.6% TSB
0.6% BP
0.6% E1P
29 231 | 1% VG100 8% G3 13.2 790
1% SP6
1% BP
30 233 | 1% VG100 8% G3 13.4 785
1% SP6
1% BP
31 223 | 1% TSB 4% G3 52 756
1% BP
1% E1P
32 229 | 1% VG100 6% G3 8.9 740
1% SP6
1% BP
33 202 | 1.5% SP6 4% G3 5.9 726
1.5% VG100
34 224 | 1% TSB 6% G3 6.7 719
1% BP
1% E1P
35 188 | 2.5% SP6 4% G2 6.8 699
2.5% VG100
36 136 | 5% E1P 3% G2 7.4 6.1 697
37 230 | 1% VG100 6% G3 9.0 693
1% SP6
1% BP
38 152 | 5% BP 3% G3 > 6.4 693
39 232 | 1% VG100 8% G3 14.0 692
1% SP6
1% BP
40 96 2.5% VG100 | 3% G2 4.6 690
2.5% TSB
41 182 | 2% VG100 3% G2 7.4 3.0 687
42 194 | 2.5% SP6 5% G3 8.4 685
2.5% VG100
43 201 | 1.5% SP6 3% G3 3.6 682
1.5% VG100
44 210 | 1% VG100 4% G3 6.6 662
1% SP6
1% BP
45 154 | 1.7% BP 3% G3 5.7 662
1.7% TSB
1.7% VG100
46 225 | 1% VG100 4% G3 6.5 643
1% SP6
1% BP




61 318 1.5% VG100 0.75% SP6 0.75% TSB 5.5% G4 7.7 2.6 577 62 319 1.5% VG100 0.75% SP6
0.75% TSB 5.5% G4 7.7 571 63 100 3.7% BHI 3% G2 5.8 563 64 77 3.7% BHI 3% CI 7.3 3.0 562 65
209 1% VG100 1% SP6 1% BP 2% G3 3.3 559 66 320 1.5% VG100 0.75% SP6 0.75% TSB 5.5% G4
7.7 555 - 26 - Rank Cult. No. Composition (pepton_efg Composition (gelatins) pH (at Oh) OD (-40 h)
Collagenase activity in [U/l] 67

Rank | Cult. | Composition | Composition | pH OD Collagenase
No. | (peptones) (gelatins) (atOh) | (~40h) | activity in [U/]]
47 193 | 2.5% SP6 4% G3 6.8 637

2.5% VG100
48 92 5% VG100 3% G2 6.4 635
5% TSB
49 226 | 1% VG100 4% G3 5.9 627
1% SP6
1% BP
50 213 [ 1% VG100 2% G3 2.7 618
1% SP6
1% E1P
51 123 | 5% VG200 3% G2 6.2 611
52 186 | 2.5% SP6 2% G2 3.8 608
2.5% VG100
53 227 | 1% VG100 4% G3 6.4 604
1% SP6
1% BP
54 323 [ 1.5% VG100 |7.5% G4 7.7 600
0.75% SP6
0.75% TSB
55 93 5% VG100 3% G3 6.9 600
5% TSB
56 187 | 2.5% SP6 3% G2 52 598
2.5% VG100
57 321 | 1.5% VG100 |7.5% G4 7.7 589
0.75% SP6
0.75% TSB
58 317 | 1.5% VG100 | 5.5% G4 7.7 589
0.75% SP6
0.75% TSB
59 205 | 1% VG100 2% G3 33 579
1% SP6
1% TSB
60 322 | 1.5% VG100 |7.5% G4 7.7 578
0.75% SP6
0.75% TSB
61 318 | 1.5% VG100 | 5.5% G4 7.7 2.6 577
0.75% SP6
0.75% TSB
62 319 | 1.5% VG100 |5.5% G4 7.7 571
0.75% SP6
0.75% TSB
63 100 | 3.7% BHI 3% G2 5.8 563
64 77 3.7% BHI 3% G1 7.3 3.0 562
65 209 | 1% VG100 2% G3 3.3 559
1% SP6
1% BP
66 320 | 1.5% VG100 | 5.5% G4 7.7 555
0.75% SP6
0.75% TSB




313 1.5% VG100 0.75% SP6 0.75% TSB 4% G4 7.7 549 69 144 2.5% VG200 2.5% BP 3% G2 7.4 5.7
549 70 324 1.5% VG100 0.75% SP6 0.75% TSB 7.5% G4 7.7 3 540 71 97 2.5% VG100 2.5% TSB 3%
G3 5.0 538 72 314 1.5% VG100 0.75% SP6 0.75% TSB 4% G4 7.7 536 73 242 1% VG100 1% SP6
1% BP 8% G3T 13.7 535 74 156 1% BP 1% TSB 1% VG100 3% G3 4.2 527 75 160 2.5% VG100
2.5% BP 3% G3 -26-

Rank | Cult. | Composition | Composition pH OD Collagenase
No. | (peptones) (gelatins) (at Oh) | (~40 h) | activity in [U/]]

67 313 1.5% VG100 | 4% G4 7.7 549
0.75% SP6
0.75% TSB

69 144 | 2.5% VG200 | 3% G2 7.4 5.7 549
2.5% BP

70 324 | 1.5% VGI0O0 | 7.5% G4 7.7 3 540
0.75% SP6
0.75% TSB

71 97 2.5% VG100 | 3% G3 5.0 538
2.5% TSB

72 314 | 1.5% VG100 |4% G4 7.7 536
0.75% SP6
0.75% TSB

73 242 1% VG100 8% G3T 13.7 535
1% SP6
1% BP

74 156 | 1% BP 3% G3 4.2 527
1% TSB
1% VG100

75 160 | 2.5% VG100 | 3% G3 5.0 516
2.5% BP

76 80 5% SP6 3% G2 4.3 516

77 84 5% VG100 3% G2 4.5 515

78 191 2.5% SP6 2% G3 39 512
2.5% VG100

79 79 5% SP6 3% G1 4.5 511

80 240 | 1% VG100 8% G3T 134 509
1% SP6
1% BP

81 238 1% VG100 6% G3T 8.6 504
1% SP6
1% BP

82 235 1% VG100 4% G3T 6.2 501
1% SP6
1% BP

83 315 1.5% VG100 1{4% G4 7.7 1.8 500
0.75% SP6
0.75% TSB

84 101 | 3.7% BHI 3% G3 6.6 498

85 192 | 2.5% SP6 3% G3 5.9 487
2.5% VG100

86 316 |1.5% VGI00 | 4% G4 7.7 476
0.75% SP6
0.75% TSB

87 134 | 5% E110 3% G2 7.3 5.8 467

88 241 1% VG100 8% G3T 13.2 459
1% SP6
1% BP




5.0 516 76 80 5% SP6 3%G2 4.3 516 77 84 5% VG100 3% G2 4.5 515 78 191 2.5% SP6 2.5%
VG100 2% G3 3.9 512 79 79 5% SP6 3%G1 4.5 511 80 240 1% VG100 1% SP6 1% BP 8% G3T
13.4 509 81 238 1% VG100 1% SP6 1% BP 6% G3T 8.6 504 82 235 1% VG100 1% SP6 1% BP 4%
G3T 6.2501 83 315

-27 -
Rank | Cult. | Composition | Composition | pH OD Collagenase
No. | (peptones) (gelatins) (atOh) | (~40 h) | activity in [U/]
89 239 | 1% VG100 6% G3T 8.8 459
1% SP6
1% BP
90 99 3.7% BHI 3% Gl 5.6 456
91 124 | 5% VG200 3% G3 6.1 454
92 126 | 5% A482 3% G2 7.4 6.0 451
% pH adjusted with NH,OH
$ pH adjusted with KOH

It was noted that regarding collagenase volume activity compositions with certain
plant peptones in combination with fish gelatin were at least equal and mostly
5 superior to the standard medium containing 3.7% BHI and 3% G1 which are both
from mammalian sources. Thus, a multitude of new media is provided for growing
and culturing C. histolyticum and producing collagenase protease(s) from the

supernatants of such cultures.



1.5% VG100 0.75% SP6 0.75% TSB 4% G4 7.7 1.8 500 84 101 3.7% BHI 3% G3 6.6 498 85 192 2.5%
SP6 2.5% VG100 3% G3 5.9 487 86 316 1.5% VG100 0.75% SP6 0.75% TSB 4% G4 7.7 476 87 134
5% E110 3% G2 7.3 5.8 467 88 241 1% VG100 1% 26 1% BP 8% G3T 13.2 459 - 27 - Rank Cult. No.
Composition (peptones) Composition (gelatins) pH (at Oh) OD (-40 h) Collagenase activity in [UM 89 239

1% VG100 Mnh&R8claimed is:

1. A liquid growth medium comprising water, a fish gelatin, a peptone from a non-
mammalian source, whereby fish peptone is excluded from the non-mammalian source,
wherein the fish gelatin is produced by partia hydrolysis of collagen extracted from
skins, bones, cartilage, connective tissues, organs and intestines, wherein the
concentration of fish gelatin in the growth medium is between about 2% and about 10%,
whereby the percentage indicates weight by volume when the isolated fish gelatinis dry
matter and volume by volume when the isolated fish gelatin is liquid matter, and

additionally comprising an inoculum of bacteria of the genus Clostridium.

2. The growth medium of claim 1 wherein the fish gelatin is selected from the group
consisting of high molecular weight fish gelatin, gelatin from a kosher species of fish,
and liquid fish gelatin.

3. The growth medium of claim 1 wherein the peptone of non-mammalian sourceisa

plant product.

4. The growth medium of claim 3 wherein the plant product is from selected from the
group consisting of soy bean, broad bean, pea, and potato.

5. The growth medium of claim 4 wherein the growth medium comprises two or more
different plant peptones, whereby the aggregate concentration of the plant peptones in the
growth medium is between about 2% and about 10% weight by volume.

6. The growth medium of claim 1 wherein the peptone is selected from the group
consisting of broad bean peptone (BP), peptone E1 from potato (E1P), soy bean peptone
E110, vegetable peptone no. 1 from pea (VG100), and vegetabl e peptone phosphate broth
from pea (V G200), and wherein the concentration of the peptone in the growth medium

is about 5% weight by volume.



1% BP 6% G3T 8.8 459 90 99 3.7% BHI 3% G1 5.6 456 91 124 5% VG200 3% G3 6.1 454 92 126 5%
A482 3% G2 7.4 6.0 451 5 pH adjusted with NH4OH s pH adjusted with KOH It was noted that regarding
collagenase volume activity compositions with certaigplant peptones in combination with fish gelatin were
at least equal and mostly 5 superior to the standard medium containing 3.7% BHI and 3% G1 which are

both from mamrRakipeaeLTRefurhibisl amuliste etmeyepiaiasy Brided the espnengaaaf eplturing C.
histolyticum and produc_inﬂ collagenase protease(s) from the supernatants of such cultures. - 28 - What

is claimed ist"8 PRI RO WO ARGHG AR GBI NS, a peptone from a
non-mammalian source, whereby fish peptone is excluded from the non-mammalian source, wherein the
fish gelatin is produced by a[tli\%l}gdrq%sis of cqlla&é%n extracted from skins, bones, cartilage, connective
tissues, orgahs ARGTAHALTHEY URHY A Thd WHRRRRIRARIBH &% REWERTAIATH $he growth medium is between
about 2% and about 10%, whereby the percentage indicates weight by volume when the isolated fish
gelatin is dry_matter and volume by volume when, the isolated fish gelatin is Jiquid matter, and additionally
Comprising 2 LSO ISMEHY S A8 BRI R I DHnROLet R 6 claim 1 wherein
the fish gelatindimgeieatestdiam. the group consisting of high molecular weight fish gelatin, gelatin from a
kosher species of fish, and liquid fish gelatin. 3. The growth medium of claim 1 wherein the peptone of
non-mammalian source is a plant product. 4. The growth medium of claim 3 wherein the plant product is
from selecteddrynethegtoumedamnsistiogial 9ayHeean thsoactoiemani PefaCkustpniai i sl ilwigrowth
medium of claim 4 wherein the growth medium comprises two or more different plant peptones, whereby
the aggrega SHeentration of the plant peptones in the growth medium is between about 2% and about
10% weight by volume. 6. The growth medium of claim 1 wherein the peptone is selected from the group
consisting of hroad bean peptonge (BP), peptone El from_potat ﬁ P), soy bean peptone E110, vegetable
peptone no. %L rérﬂ“ﬂi‘&q\ﬁ&ﬁ Pb@fﬁ‘éﬂg égdé)me?ftghoﬁ{b@b' J[K%?Mcﬂgﬂ{ %P&Cf W%'Z"V@O), and wherein
the concentreésuedrHagapegsataningumg upwibroerdiessds \ahhebh Sgenasgichyiwglthuemethdd - 7. The
growth medium of.claim 1 wherejn the.peptgne is VU 100.and the concentration of the peptone in the
arowth medithTR S Me Y By S SRS B A CHATH Ot G D e pH i
between 7 aodl t8/af¥ngd tre iovvllurmetiCloswidilamhiktolttoein Heetarieyiihenesiiuhe isasteriidized prior to
adding the inoculum. 10. The growth medium, of claim 9 wherein the inoculum,is of Clostrjdium
istolyicum STEE 87 R eGP AU A Ao T BB ML i
culture, the sepamaigoticolsiaanthgticearticuatepnattsns esnwitie oliadieul ase, abtndby, sbtaimethod
comprising the steps of providing.the growth medium accor&}iin o claim 10. growing and cultivating the
oculum of ERLT PRI A & e ARl one o more proteases
with collagenase activity into the liquid culture, and separating cellular and other particulate matter from
the liquid cul réy therﬁ:b forbte}in'nﬁr? Clﬁgurgrﬁgpeernﬁ%?gé v¥|c'§ one or.mor ﬁrotease I\\I/\I/'th collagenase
activity. 12. 'mem%tdq r?)rga%cl‘ll g%Re ormote BHHI %rofaeag?es Wit C gae‘?wease aclivity from
Clostridium Ifrstalgiostnidicomipstslyt dine, stepmpids pootviel sigpsef growtinn dwbigroaticondignto claim 10,
growing and cultivating the. ingculum of Clostridium_histglyticum bacterja, whereby the bacteria secrete
the one or nE LA R o R R R o SR A 2 ot
particulate nimttearimpowhtneblyoihielbzctan e stomtetiietnaioimgaequitteasssipein attiagcaastiactiaiiyg the one or
more proteases with.call ase activity from the culture supernatant, there, roducing the one or more
purited provodty BRLEITRE Saand R A SR A R PR OR

culture, thereby obtaining a culture supernatant, and isolating the one or more proteases

with collagenase activity from the culture supernatant, thereby producing the one or more

purified proteases with collagenase activity from Clostridium histol yticum.





