PREMIO PIO CORREA DE INOVACAO EM CIENCIAS FARMACEUTICAS DA
BIODIVERSIDADE BRASILEIRA 2021 — Etapa 2

Producio do complexo enzimatico colagenase 100% nacional, derivado da biodiversidade
brasileira, em meio de cultura isento de componentes animais com patente concedida nos
EUA e Europa, e registro de medicamentos biolégicos aprovados pela ANVISA

O Laboratério Cristalia possui registro e comercializa desde a década de 1970 os
medicamentos Kollagenase®, Kollagenase® com cloranfenicol e Gino kollagenase®, utilizados para
tratamento de queimaduras e como desbridante no tratamento de feridas, sendo preferencial ao
desbridamento mecanico/cirtrgico devido a redugdo de riscos, sangramento e custos, além de ser um
tratamento indolor.

O insumo farmacéutico ativo (IFA) Colagenase, enzima capaz de degradar colageno e que
permite o desbridamento do tecido morto (desvitalizado) das lesdes, proporcionando a cicatrizagdo
de feridas, era 100% importado. Os poucos produtores desta enzima pertenciam a empresas
americanas e europeias que passaram a ser controlados por tnica empresa, restringindo nosso acesso.

Estrategicamente, a rarefacdo dos produtores mundiais do IFA, aliada a importancia destes
produtos para a empresa, fez com que o Cristalia criasse estrutura e expertise para viabilizar o
desenvolvimento de métodos e processos voltados a produ¢do do IFA Colagenase em suas
instalagdes.

As primeiras etapas do projeto para producdo do IFA Colagenase foram iniciadas nos
laboratorios de pesquisa e desenvolvimento da Divisdo de Biotecnologia do Cristalia, em uma
area de nivel de biosseguranca 2, onde os pesquisadores baseando-se na literatura cientifica
desenvolveram uma metodologia para caracterizagdo de cepas de Clostridium histolyticum, bactéria
que produz a enzima colagenase.

A partir de uma cepa bacteriana adquirida de cole¢do de cultura internacional foram
desenvolvidos processos de fermentagdo e purificagdo. Tal metodologia, a qual incluiu o
desenvolvimento de meios de cultura livres de componentes animais, culminou na obten¢ao de um
processo produtivo inovador capaz de gerar maior produtividade de Colagenases com alta atividade
in vitro € in vivo.

Com o intuito de agregar maior valor intelectual ao produto e permitir que a reparti¢do de
beneficios da tecnologia gerada permanecesse no pais, o Cristalia decidiu investir na bioprospec¢ao
de amostras de solo da biodiversidade brasileira a fim de isolar novas cepas de C. histolyticum
produtoras de Colagenase.

Diversos estudos laboratoriais (moleculares e bioquimicos) foram realizados em centenas
de amostras de terra do solo nacional para selecionar um microrganismo similar
(morfologicamente e geneticamente) a cepa utilizada internacionalmente na produgdo do IFA. Apds
milhares de analises, foram selecionados alguns microrganismos com caracteristicas iguais aos
utilizados como controle. Paralelamente, foi construida uma planta industrial de nivel de
biosseguranga 3 (NB-3) com fermentadores de até 1.500L, certificada pela ANVISA.

O processo de produgdo do IFA Colagenase se inicia com o descongelamento de uma
aliquota do banco de células de trabalho armazenado a -160 °C para cultivo do microrganismo,
iniciando o aumento de escala (upstream). O primeiro passo ocorre em frascos com volume



maximo de 250 mL, que apds algumas horas de cultivo ¢ transferido ao Fermentador de 19L. O
F19L serve de semente para o Fermentador de 1500L, onde por mais de 12 horas ¢ realizado um
cultivo em condi¢des anaerdbicas para a produgao da Colagenase.

Apos a etapa de remoc¢do dos microrganismos (clarifica¢do), inicia-se o processo de
redugao de volume do material processado (downstream) com a filtracdo e a concentracao do
material clarificado utilizando a tecnologia de fibra oca (com diferentes cut offs) em colunas de
filtragdo tangencial. Ao final desse processamento, a solucdo resultante ¢ um concentrado de
proteinas que em seguida ¢ transformado em pd (liofiliza¢do), moido, homogeneizado, embalado
e apds passar por todos os critérios de controle de qualidade, ¢ encaminhado para a producao
farmacéutica onde realiza-se a formulacdo da pomada de Colagenase.

Como a cepa de C. histolyticum utilizada para producdo industrial da colagenase foi isolada
de uma amostra de solo coletada em uma propriedade privada, foi assinado um "Contrato de
Utiliza¢do do Patrimdnio Genético e Reparticdo de Beneficios - CURB" entre os proprietarios do
local de isolamento e o Cristélia, que preveé o pagamento de “royalties” aos proprietarios.

Dessa forma, conseguimos ir além ao produzir um IFA 100% nacional utilizando um
microrganismo isolado da biodiversidade brasileira com aprovagdes do CGEN e IBAMA — 6rgaos
responsaveis pelo controle do acesso ao patrimonio genético, uso sustentavel da biodiversidade e
reparticao de beneficios - € com o meio de cultura livre de componentes animais, virtualmente isento
de prions, eliminamos o risco de transmissao do “mal da vaca louca”.

Os registros concedidos pela ANVISA e anexados nesta segunda Etapa do Prémio Pio Corréa
de Inovagdo em Ciéncias Farmacéuticas da Biodiversidade Brasileira foram publicados no D.O.U.
em 25/04/2016 ¢ 18/02/2019.

O processo de producdo da enzima Colagenase utilizando meios de cultivo livre de
componentes animais, totalmente desenvolvido pelo Cristdlia, atendendo mercados regulados, foi
depositado no INPI em 2012 e encontra-se patenteado nos EUA (US9725692B2 de 2017) e na Europa
(EP2865748B1 de 2018), protegendo o intelecto de um produto da biodiversidade brasileira. As
patentes concedidas também foram anexadas nesta Etapa da Premiagao.

Como impactos do desenvolvimento e producdo nacional estdo a independéncia do insumo
importado contribuindo para equilibrio da balanga comercial, e aumento de market share que
atualmente ¢ superior a 50% permitindo mais inovacao antes restrita devido a dificuldade de acesso
ao IFA. Uma vez superada a dependéncia do mercado externo para obtencdo do IFA, novas
possibilidades sao exploradas, como formulacdes, concentragdes, formas farmacéuticas e usos, bem
como o objetivo de atingir mercados internacionais com fins terapéuticos e estéticos. Uma derivacao
deste projeto ¢ o isolamento de microrganismos raros (actinobactérias) visando obtencdo de
metabolitos bioativos com potencial de ineditismo, alto valor agregado e atividade antibidtica,
antifingica e antitumoral, projeto que também obteve anuéncia do CNPq.

Evidéncias

1- Publicagdo de deferimento de registro no D.O.U. dos medicamentos: Kollagenase, Kollagenase
com cloranfenicol e Gino Kollagenase;

2- Patentes concedidas nos EUA (US9725692B2 de 2017) e na Europa (EP2865748B1 de 2018);

3- Publicacdo na Revista Pesquisa FAPESP “O remédio ¢ inovar”.



Publicacao de deferimento de
registro no D.O.U. do

medicamento Kollagenase
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5 MG/ML SOL OFT CX 50 FR PLAS OPC GOT X 10 ML
(EMB HOSP)

0000000000 24 Meses

5 MG/ML SOL OFT CT FR PLAS OPC X 10 ML

0000000000 24 Meses

5 MG/ML SOL OFT CX 60 FR PLAS OPC GOT X 10 ML
( EMB HOSP)

0000000000 24 Meses

5 MG/ML SOL OFT CX 100 FR PLAS OPC GOT X 5 ML
( EMB HOSP)

0000000000 24 Meses

5 MG/ML SOL OFT CX 60 FR PLAS OPC GOT X 5 ML
(EMB HOSP)

0000000000 24 Meses

5 MG/ML SOL OFT CT FR PLAS OPC X 5 ML

0000000000 24 Meses

5 MG/ML SOL OFT CX 100 FR PLAS OPC GOT X 10 ML
(EMB HOSP)

0000000000 24 Meses

5 MG/ML SOL OFT CX 50 FR PLAS OPC GOT X 5 ML
(EMB HOSP)

mabra farmacéutica Itda. 09545589000188

DROSPIRENONA + ETINILESTRADIOL

CINDY 25351.787583/2011-44

150 SIMILAR - REGISTRO DE MEDICAMENTO SIMI-
LAR 1022804/11-7

0000000000 24 Meses

3 MG + 0,02 MG COM REV CT BL AL PVC/PVDC X
24

0000000000 24 Meses

3 MG + 0,02 MG COM REV CT BL AL PVC/PVDC X
72

DROSPIRENONA + ETINILESTRADIOL

DROSPIRENONA+ETINILESTRADIOL
25351.787614/2011-55

10488 GENERICO - REGISTRO DE MEDICAMENTO -
CLONE 1022839/11-0

(150 SIMILAR - REGISTRO DE MEDICAMENTO SIMI-
LAR - 1022804/11-7 - 25351.787583/2011-44)

0000000000 24 Meses

3 MG + 0,02 MG COM REV CT BL AL PVC/PVDC X

72

0000000000 24 Meses

3 MG + 0,02 MG COM REV CT BL AL PVC/PVDC X
24

ZYDUS NIKKHO FARMACEUTICA LTDA
05254971000181

ANASTROZOL 25351.187038/2012-10

155 GENERICO - REGISTRO DE MEDICAMENTO
0269776/12-9

0000000000 Ano(s)

1 MG COM REV CT BL AL PLAS PVC/PVDC X 30

ANASTROZOL

NARDOS 25351.204765/2012-17

10490 SIMILAR - REGISTRO DE PRODUTO - CLONE
0295733/12-7

(155 GENERICO - REGISTRO DE MEDICAMENTO -
0269776/12-9 - 25351.187038/2012-10)

0000000000 24 Meses

1 MG COM REV CT BL AL PLAS PVC/PVDC X 30

RESOLUCAO - RE N° 1.009, DE 20 DE ABRIL DE 2016

A Gerente-Geral de Medicamentos e Produtos Bioldgicos no
uso das atribui¢des que lhe foram conferidas pela Portaria n° 921, de
15 de abril de 2016, aliado ao disposto no art. 54, I, § 1° da Re-
solucdo da Diretoria Colegiada - RDC n° 61, de 3 de fevereiro de
2016, resolve:

Art. 1° Deferir peticoes relacionadas a Geréncia-Geral de
Medicamentos, conforme relacdo anexa;

Art. 2° Esta Resolugdo entra em vigor na data de sua pu-
blicacdo.

PATRICIA FERRARI ANDREOTTI
ANEXO

NOME DA EMPRESA CNPJ

PRINCIPIO(S) ATIVO(S)

NOME DO MEDICAMENTO NUMERO DO PROCESSO
VENCIMENTO DO REGISTRO

ASSUNTO DA PETICAO EXPEDIENTE

NUMERO DE REGISTRO VALIDADE

APRESENTACAO DO PRODUTO

PRINCIPIO(S) ATIVO(S)

COMPLEMENTO DIFERENCIAL DA APRESENTACAO

BIONATUS LABORATORIO BOTANICO LTDA
68032192000151 3

COLECALCIFEROL + CARBONATO DE CALCIO

DOLOTRAT 25351.292379/2015-17 04/2021

1577 ESPECIFICO - REGISTRO DE MEDICAMENTO
0419994/15-4

1.2009.0029.001-1 24 Meses

600 MG + 400 UI COM REV CT BL AL PLAS INC X

60

1.2009.0029.002-1 24 Meses

600 MG + 400 UI COM REV DISP 33 BL AL PLAS INC
X 15

1.2009.0029.003-8 24 Meses

600 MG + 400 UI COM REV DISP 70 BL AL PLAS INC
X 15

Diario Oficial da Uniao - suplemento

1.2009.0029.004-6 24 Meses
500 MG + 400 UI COM REV CT BL AL PLAS INC X

60

1.2009.0029.005-4 24 Meses

500 MG + 400 UI COM REV DISP 33 BL AL PLAS INC
X 15

1.2009.0029.006-2 24 Meses

500 MG + 400 UI COM REV DISP 70 BL AL PLAS INC
X 15

BLAU FARMACEUTICA S.A. 58430828000160

METOTREXATO

MTX 25351.457332/2012-57 04/2021

150 SIMILAR - REGISTRO DE MEDICAMENTO SIMI-
LAR 0657071/12-2

1.1637.0137.001-7 18 Meses

25MG/ML SOL INJ CT FA VD TRANS X 20 ML

1.1637.0137.002-5 18 Meses

100MG/ML SOL INJ CT FA VD TRANS X 10 ML

SANDOZ DO BRASIL INDUSTRIA FARMACEUTICA
LTDA 61286647000116

ARIPIPRAZOL 25351.670294/2012-56 04/2021

155 GENERICO - REGISTRO DE MEDICAMENTO
0960034/12-5

1.0047.0587.001-2 24 Meses

15 MG COM CT BL AL/AL X 30

1.0047.0587.002-0 24 Meses

10 MG COM CT BL AL/AL X 30

1.0047.0587.003-9 24 Meses

20 MG COM CT BL AL/AL X 30

1.0047.0587.004-7 24 Meses

30 MG COM CT BL AL/AL X 30

UNITED MEDICAL LTDA 68949239000146

selenito dissédico pentaidratado

SELIT 25351.337362/2014-76 04/2021

1577 ESPECIFICO - REGISTRO DE MEDICAMENTO
0464112/14-4

1.2576.0024.001-2 24 Meses

50 MCG/ML SOL INJ CT 10 AMP VD TRANS X 2 ML

SELIT 100

1.2576.0024.002-0 36 Meses

50 MCG/ML SOL INJ CT 10 FA VD TRANS X 10 ML

SELIT 500 ) R

CRISTALIA PRODUTOS QUIMICOS FARMACEUTICOS
LTDA. 44734671000151

COLAGENASE

KOLLAGENASE 25351.273544/2015-56 04/2021

10370 PRODUTO BIOLOGICO - REGISTRO DE PRO-
DUTO PELA VIA DE DESENVOLVIMENTO INDIVIDUAL
0394072/15-1

1.0298.0431.001-0 24 Meses

0,6 U/G POM DERM CT 01 BG AL X 5 G + ESP PLAS

1.0298.0431.002-9 24 Meses

0,6 U/G POM DERM CT 01 BG AL X 10 G + ESP
PLAS

1.0298.0431.003-7 24 Meses

0,6 U/G POM DERM CT 01 BG AL X 15 G + ESP
PLAS

1.0298.0431.004-5 24 Meses

0,6 U/G POM DERM CT 01 BG AL X 30 G + ESP
PLAS

1.0298.0431.005-3 24 Meses

0,6 U/G POM DERM CT 01 BG AL X 50 G + ESP
PLAS

1.0298.0431.006-1 24 Meses

0,6 U/G POM DERM CT 10 BG AL X 5 G + ESP PLAS

1.0298.0431.007-1 24 Meses

0,6 U/G POM DERM CT 10 BG AL X 10 G + ESP
PLAS

1.0298.0431.008-8 24 Meses

0,6 U/G POM DERM CT 10 BG AL X 15 G + ESP
PLAS

1.0298.0431.009-6 24 Meses

0,6 U/G POM DERM CT 10 BG AL X 30 G + ESP
PLAS

1.0298.0431.010-1 24 Meses

0,6 U/G POM DERM CT 10 BG AL X 50 G + ESP
PLAS

1.0298.0431.011-8 24 Meses

1,2 U/G POM DERM CT 01 BG AL X 5 G + ESP PLAS

1.0298.0431.012-6 24 Meses

1,2 U/G POM DERM CT 01 BG AL X 10 G + ESP
PLAS

1.0298.0431.013-4 24 Meses

1,2 U/G POM DERM CT 01 BG AL X 15 G + ESP
PLAS

1.0298.0431.014-2 24 Meses

1,2 U/G POM DERM CT 01 BG AL X 30 G + ESP
PLAS

1.0298.0431.015-0 24 Meses

1,2 U/G POM DERM CT 01 BG AL X 50 G + ESP
PLAS

1.0298.0431.016-9 24 Meses

1,2 U/G POM DERM CT 10 BG AL X 5 G + ESP PLAS

1.0298.0431.017-7 24 Meses

1,2 U/G POM DERM CT 10 BG AL X 10 G + ESP
PLAS

1.0298.0431.018-5 24 Meses

1,2 U/G POM DERM CT 10 BG AL X 15 G + ESP
PLAS

N° 77, segunda-feira, 25 de abril de 2016

1.0298.0431.019-3 24 Meses

1,2 U/G POM DERM CT 10 BG AL X 30 G + ESP
PLAS

1.0298.0431.020-7 24 Meses

1,2 U/G POM DERM CT 10 BG AL X 50 G + ESP
PLAS

RESOLUCAO - RE N° 1.010, DE 20 DE ABRIL DE 2016

A Gerente-Geral de Medicamentos e Produtos Bioldgicos no
uso das atribui¢des que lhe foram conferidas pela Portaria n® 921, de
15 de abril de 2016, aliado ao disposto no art. 54, I, § 1° da Re-
solucdo da Diretoria Colegiada - RDC n° 61, de 3 de fevereiro de
2016, resolve:

Art. 1° Deferir peti¢oes relacionadas a Geréncia-Geral de
Medicamentos, conforme relacdo anexa;

Art. 2° Esta Resolucdo entra em vigor na data de sua pu-
blicacao.

PATRICIA FERRARI ANDREOTTI
ANEXO

NOME DA EMPRESA CNPJ

PRINCIPIO(S) ATIVO(S)

NOME DO MEDICAMENTO NUMERO DO PROCESSO
VENCIMENTO DO REGISTRO

ASSUNTO DA PETICAO EXPEDIENTE

NUMERO DE REGISTRO VALIDADE

APRESENTACAO DO PRODUTO

PRINCIPIO(S) ATIVO(S) ~

COMPLEMENTO DIFERENCIAL DA APRESENTACAO

ANTIBIOTICOS DO BRASIL LTDA 05439635000103

cloridrato de cefepima 25351.177278/2005-38 10/2020

10249 GENERICO - INCLUSAO DE LOCAL DE FABRI-
CACAO DO MEDICAMENTO DE LIBERACAO CONVENCIO-
NAL COM PRAZO DE ANALISE 1321254/16-1

1.5562.0014.001-1 24 Meses

1G PO SOL INJ CT FA VD TRANS X 20 ML

1.5562.0014.002-1 24 Meses

1G PO SOL INJ CX 10 FA VD TRANS X 20 ML

1.5562.0014.003-8 24 Meses

1G PO SOL INJ CX 25 FA VD TRANS X 20 ML

1.5562.0014.004-6 24 Meses

1G PO SOL INJ CT FA VD TRANS X 20 ML + DIL AMP
PLAS TRANS X 10 ML

1.5562.0014.005-4 24 Meses

1G PO SOL INJ IV CT FA VD TRANS X 20 ML + BOLS
PLAS TRANS SIST FECH X 100 ML

1.5562.0014.006-2 24 Meses

1G PO SOL INJ IV CX 10 FA VD TRANS X 20 ML + 10
BOLS PLAS TRANS SIST FECH X 100 ML

1.5562.0014.013-5 24 Meses

1G PO SOL INJ CX 25 FA VD TRANS X 20 ML + 25 DIL
AMP PLAS TRANS X 10 (EMB HOSP)

1.5562.0014.014-3 24 Meses

1G PO SOL INJ CX 50 FA VD TRANS X 20 ML + 50 DIL
AMP PLAS TRANS X 10 (EMB HOSP)

EUROFARMA LABORATORIOS S.A. 61190096000192

TENOXICAM 25351.016395/01-12 08/2021

10249 GENERICO - INCLUSAO DE LOCAL DE FABRI-
CACAO DO MEDICAMENTO DE LIBERACAO CONVENCIO-
NAL COM PRAZO DE ANALISE 1366383/16-6

1.0043.0757.007-8 24 Meses

40 MG PO LIOF SOL INJ CT FA VD TRANS + AMP
PLAS DIL X 2 ML

1.0043.0757.008-6 24 Meses

40 MG PO LIOF SOL INJ CX 5 FA VD TRANS + 5 AMP
PLAS DIL X 2 ML

1.0043.0757.009-4 24 Meses

40 MG PO LIOF SOL INJ CX 50 FA VD TRANS + 50
AMP PLAS DIL X 2 ML (EMB HOSP)

1.0043.0757.010-8 24 Meses

20 MG PO LIOF SOL INJ CT FA VD TRANS + AMP
PLAS DIL X 2 ML

1.0043.0757.011-6 24 Meses

20 MG PO LIOF SOL INJ CX 5 FA VD TRANS + 5 AMP
PLAS DIL X 2 ML

1.0043.0757.012-4 24 Meses

20 MG PO LIOF SOL INJ CX 50 FA VD TRANS + 50
AMP PLAS DIL X 2 ML (EMB HOSP)

1.0043.0757.016-7 24 Meses

40 MG PO LIOF SOL INJ CX 100 FA VD TRANS + 100
AMP PLAS DIL X 2 ML,

OMEPRAZOL SODICO 25351.016432/00-66 08/2020

10249 GENERICO - INCLUSAO DE LOCAL DE FABRI-
CACAO DO MEDICAMENTO DE LIBERACAO CONVENCIO-
NAL COM PRAZO DE ANALISE 1403278/16-3

1.0043.0730.004-6 24 Meses

40 MG PO LIOF SOL INJ IV CT 50 FA VD TRANS + 50
DIL AMP PLAS TRANS X 10 ML (EMB HOSP)

RESOLUCAO - RE N° 1.011, DE 20 DE ABRIL DE 2016

A Gerente-Geral de Medicamentos e Produtos Biol6gicos no
uso das atribui¢des que lhe foram conferidas pela Portaria n® 921, de
15 de abril de 2016, aliado ao disposto no art. 54, I, § 1° da Re-
solucdo da Diretoria Colegiada - RDC n°® 61, de 3 de fevereiro de
2016, resolve:

Este documento pode ser verificado no endereco eletronico http://www.in.gov.br/autenticidade html,

pelo cédigo 10102016042500028

Documento assinado digitalmente conforme MP n® 2.200-2 de 24/08/2001, que institui a

Infraestrutura de Chaves Publicas Brasileira - ICP-Brasil.


ricardo.biotec
Realce

ricardo.biotec
Realce

ricardo.biotec
Realce


Publicacao de deferimento de
registro no D.O.U. dos

medicamentos
Kollagenase com cloranfenicol e
Gino Kollagenase



DIARIO OFICIAL DA UNIAO - suplemento

ISSN 1677-7042 N2 34, segunda-feira, 18 de fevereiro de 2019

PLASTICA 24 Meses

ELASTOMERICA 24 Meses _

ALIMENTOS PARA NUTRICAO ENTERAL 10/2020
456 Alteragdo de Rotulagem

ALIMENTO NUTRICIONALMENTE COMPLETO PARA NUTRICAO ENTERAL OU ORAL SABOR -
HOLANDA

25004.110019/2009-00 4.7432.0332.004-2
PLASTICA 24 Meses

METALICA 24 Meses

ELASTOMERICA 24 Meses _

ALIMENTOS PARA NUTRICAO ENTERAL 10/2020
456 Alteragcdo de Rotulagem

ALLBRANDS INDUSTRIA DE ALIMENTOS LTDA 03.973.903/0001-47

CEREAL A BASE DE TRIGO, AVEIA E CEVADA PARA ALIMENTACAO INFANTIL COM BANANA,
MACA E LARANJA COLOMBO/PR

25351.841412/2018-81 6.2372.0014.001-3

METALICA 365 Dias

PLASTICA 365 Dias

CELULOSICA 365 Dias

ALIMENTOS INFANTIS 02/2024

4067 Registro de cereais para alimentagdo infantil

FRESENIUS KABI BRASIL LTDA 49.324.221/0001-04

ALIMENTOS PARA SUPLEMENTACAO DE NUTRICAO ENTERAL ALEMANHA
25004.121194/2004-17 6.2047.9942.001-6

PLASTICO 12 Meses

VIDRO 12 Meses

METALICA 12 Meses

ELASTOMERICA 12 Meses _

ALIMENTOS PARA NUTRICAO ENTERAL 08/2020

454 Alteragdo de Férmula do Produto

456 Alteracdo de Rotulagem 5 B

ALIMENTOS PARA SUPLEMENTAGCAO DE NUTRICAO ENTERAL ALEMANHA
25004.121194/2004-17 6.2047.9942.002-4

CELULOSICA 12 Meses

METALICA 12 Meses

PLASTICA 12 Meses B

ALIMENTOS PARA NUTRICAO ENTERAL 08/2020

454 Alteragdao de Férmula do Produto

456 Alteragcdo de Rotulagem

NESTLE BRASIL LTDA 60.409.075/0001-52

PAPINHA DE FRUTA COM AMEIXA SAO JOSE DO RIO PARDO/SP

25004.204342/96 4.0076.1081.001-3

PLASTICO 18 Meses

VIDRO 18 Meses

ALIMENTOS INFANTIS 09/2022

NESTLE

437 Revalidagdo de Registro .

ALIMENTO PARA SUPLEMENTACAO DE NUTRICAO ENTERAL OU ORAL SABOR ARTIFICIAL DE
BAUNILHA - ARACATUBA/SP

25004.330015/2011-88 4.0076.1948.001-6

CELULOSICA 12 Meses

PLASTICA 12 Meses

METALICA 12 Meses B

ALIMENTOS PARA NUTRICAO ENTERAL 05/2021

437 Revalidagdo de Registro .

ALIMENTO PARA SUPLEMENTACAO DE NUTRICAO ENTERAL OU ORAL SABOR ARTIFICIAL DE
BAUNILHA - SAO JOSE DO RIO PARDO/SP

25004.330015/2011-88 4.0076.1948.002-4

CELULOSICA 12 Meses

METALICA 12 Meses

PLASTICA 12 Meses B

ALIMENTOS PARA NUTRICAO ENTERAL 05/2021

437 Revalida¢do de Registro |

PURE DE CENOURA SAO JOSE DO RIO PARDO/SP

25351.000822/2017-06 6.5965.0054.001-1

VIDRO 12 Meses

METALICA 12 Meses

ALIMENTOS INFANTIS 05/2023

456 Alteragao de Rotulagem .

ALIMENTO PARA SUPLEMENTACAO DE NUTRICAO ENTERAL OU ORAL SABOR ARTIFICIAL DE
BAUNILHA - ARACATUBA/SP

25351.775261/2010-76 4.0076.1937.002-4

CELULOSICA 12 Meses

PLASTICA 12 Meses

METALICA 12 Meses N

ALIMENTOS PARA NUTRICAO ENTERAL 11/2023

456 Alteragdo de Rotulagem .

ALIMENTO PARA SUPLEMENTACAO DE NUTRICAO ENTERAL OU ORAL SABOR ARTIFICIAL DE
BAUNILHA - SAO JOSE DO RIO PARDO/SP

25351.775261/2010-76 4.0076.1937.003-2

CELULOSICA 12 Meses

PLASTICA 12 Meses

METALICA 12 Meses 5

ALIMENTOS PARA NUTRICAO ENTERAL 11/2023

456 Alteragdo de Rotulagem .

ALIMENTO NUTRICIONALMENTE COMPLETO PARA NUTRICAO ENTERAL OU ORAL SABOR
ARTIFICIAL BAUNILHA - RIO DE JANEIRO/RJ

25351.775277/2010-52 4.0076.1938.001-1

PLASTICA 12 Meses

CELULOSICA 12 Meses

METALICA 12 Meses B

ALIMENTOS PARA NUTRICAO ENTERAL 12/2023

456 Alteragdo de Rotulagem -

ALIMENTO NUTRICIONALMENTE COMPLETO PARA NUTRICAO ENTERAL OU ORAL SABOR
ARTIFICIAL BAUNILHA - SAO JOSE DO RIO PARDO/SP

25351.775277/2010-52 4.0076.1938.002-1

CELULOSICA 12 Meses

PLASTICA 12 Meses

METALICA 12 Meses 5

ALIMENTOS PARA NUTRICAO ENTERAL 12/2023

456 Alteracdo de Rotulagem .

ALIMENTO NUTRICIONALMENTE COMPLETO PARA NUTRICAO ENTERAL OU ORAL SABOR
ARTIFICIAL BAUNILHA - ARACATUBA/SP

25351.775277/2010-52 4.0076.1938.003-8

PLASTICA 12 Meses

METALICA 12 Meses

CELULOSICA 12 Meses

ALIMENTOS PARA NUTRICAO ENTERAL 12/2023

456 Alteracdo de Rotulagem

RESOLUGAO-RE Ne¢ 391, DE 14 DE FEVEREIRO DE 2019

A Gerente-Geral de Alimentos Substituta, no uso das atribuicdes que lhe
confere o art. 126, aliado ao art. 54, |, § 12 do Regimento Interno aprovado pela da
Resolugdo da Diretoria Colegiada - RDC n2 255, de 10 de dezembro de 2018, resolve:"

Art.12 Indeferir as peticdes relacionadas a Geréncia-Geral de Alimentos
conforme anexo.

Art. 22 Esta Resolugdo entra em vigor na data de sua publicagdo.

ANGELA KARINNE FAGUNDES DE CASTRO

Este documento pode ser verificado no enderego eletrénico
http://www.in.gov.br/autenticidade.html, pelo cédigo 05312019021800015
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ANEXO

Relatério de Conferéncia de Alimentos. Publicagdo nr.: 114419
NOME DA EMPRESA CNPJ

NOME DO PRODUTO UF

NUMERO DO PROCESSO NUMERO DE REGISTRO

EMBALAGEM VALIDADE PRODUTO

CLASS/CAT DESCRICAO VALIDADE REGISTRO

MARCA DO PRODUTO

ASSUNTO PETICAO

FARMOQUIMICA S/A 33.349.473/0001-58

FRUTOOLIGOSSACARIDEOS COM LACTOBACILLUS PARACASEI E BIFIDOBACTERIUM LACTIS
EM SACHES - SAO PAULO/SP

25351.467947/2015-46 6.7239.0008.001-5

PLASTICO 24 Meses

CELULOSICA 24 Meses .

SUBSTANCIAS BIOATIVAS E PROBIOTICOS ISOLADOS COM ALEGAGCAO DE PROP. FUNC. E/OU
DE SAUDE.

457 Inclusdo de Marca

FRUTOOLIGOSSACARIDEOS COM LACTOBACILLUS PARACASEI E BIFIDOBACTERIUM LACTIS
EM SACHES - RIO DE JANEIRO/RJ

25351.467947/2015-46 6.7239.0008.002-3

CELULOSICA 24 Meses

PLASTICO 24 Meses -

SUBSTANCIAS BIOATIVAS E PROBIOTICOS ISOLADOS COM ALEGAGCAO DE PROP. FUNC. E/OU
DE SAUDE.

457 Inclusdo de Marca -
LACTOBACILLUS ACIDOPHILUS E BIFIDOBACTERIUM LACTIS EM COMPRIMIDOS - SAO
PAULO/SP

25351.467950/2015-74 6.7239.0009.001-0

PLASTICA 24 Meses

METALICA 24 Meses .

SUBSTANCIAS BIOATIVAS E PROBIOTICOS ISOLADOS COM ALEGAGCAO DE PROP. FUNC. E/OU
DE SAUDE.

457 Inclusdo de Marca

LACTOBACILLUS ACIDOPHILUS E BIFIDOBACTERIUM LACTIS EM COMPRIMIDOS - RIO DE
JANEIRO/RJ

25351.467950/2015-74 6.7239.0009.002-9

METALICA 24 Meses

PLASTICA 24 Meses .

SUBSTANCIAS BIOATIVAS E PROBIOTICOS ISOLADOS COM ALEGAGCAO DE PROP. FUNC. E/OU
DE SAUDE.

457 Inclusdo de Marca

FRESENIUS KABI BRASIL LTDA 49.324.221/0001-04

FORMULA PADRAO PARA NUTRICAO ENTERAL SABOR CHOCOLATE ALEMANHA
25351.008759/2014-65 6.2047.9986.001-6

CELULOSICA 9 Meses

PLASTICA 9 Meses .

ALIMENTOS PARA NUTRICAO ENTERAL

454 Alteragdo de Férmula do Produto

RESOLUGAO-RE N2 392, DE 14 DE FEVEREIRO DE 2019

A Gerente-Geral de Alimentos Substituta, no uso das atribuicbes que lhe
confere o art. 126, aliado ao art. 54, I, § 12 do Regimento Interno aprovado pela da
Resolugdo da Diretoria Colegiada - RDC n? 255, de 10 de dezembro de 2018, resolve:

Art.12 Deferir as peticdes de avaliagdo relacionadas a Geréncia-Geral de
Alimentos conforme anexo.

Art. 29 Esta Resolugdo entra em vigor na data de sua publicagdo.

ANGELA KARINNE FAGUNDES DE CASTRO
ANEXO

RELATORIO DE CONFERENCIA DE ALIMENTO PUBLICAGAO 80319
NOME DA EMPRESA CNPJ

NOME DO PRODUTO

NUMERO DO PROCESSO

CLASS/CAT DESCRIGCAO

MARCA DO PRODUTO

ASSUNTO PETIGAO

BASF S/A 48.539.407/0001-18

DHA DE OLEO DE MICROALGAS SCHIZOCHYTRIUM SP
25351.505840/2017-61

NOVOS ALIMENTOS E NOVOS INGREDIENTES

404 AVALIAGAO DE NOVOS ALIMENTOS OU NOVOS INGREDIENTES

GERENCIA-GERAL DE MEDICAMENTOS E PRODUTOS BIOLOGICOS
RESOLUGAO-RE N2 393, DE 14 DE FEVEREIRO DE 2019

A Gerente-Geral de Medicamentos e Produtos Bioldgicos, Substituta, no uso
das atribuigdes que Ihe confere o art. 130, aliado ao art. 54, I, § 12 do Regimento Interno
aprovado pela Resolugdo da Diretoria Colegiada - RDC n2 255, de 10 de dezembro de
2018, resolve:

Art. 12 Deferir petigdes relacionadas a Geréncia-Geral de Medicamentos,
conforme anexo.

Art. 22 Esta Resolugdo entra em vigor na data de sua publicagdo.

DANIELA MARRECO CERQUEIRA
ANEXO

NOME DA EMPRESA CNPJ
PRINCIPIO(S) ATIVO(S)

NOME DO MEDICAMENTO NUMERO DO PROCESSO VENCIMENTO DO REGISTRO
ASSUNTO DA PETICAO EXPEDIENTE

NUMERO DE REGISTRO VALIDADE

APRESENTACAO DO PRODUTO

PRINCIPIO(S) ATIVO(S)

COMPLEMENTO DIFERENCIAL DA APRESENTACAO

Arese Pharma Ltda 07670111000154

PASSIFLORA INCARNATA

PAZINE 25351.062637/2017-04 05/2023 )
10626, MEDICAMENTO FITOTERAPICO - ATUALIZACAO DE ESPECIFICACOES E METODO
ANALITICO 0442472/18-7

1.5819.0004.001-0 24 Meses

210 MG COM REV CT BL AL PLAS PVDC TRANS X 8

1.5819.0004.002-9 24 Meses

210 MG COM REV CT BL AL PLAS PVDC TRANS X 20

1.5819.0004.003-7 24 Meses

210 MG COM REV CT BL AL PLAS PVDC TRANS X 30

1.5819.0004.004-5 24 Meses

315 MG COM REV CT BL AL PLAS PVDC TRANS X 8

Documento assinado digitalmente conforme MP n2 2.200-2 de 24/08/2001, lc
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DIARIO OFICIAL DA UNIAO - suplemento

ISSN 1677-7042 N2 34, segunda-feira, 18 de fevereiro de 2019

BINAV 25351.683101/2017-18 09/2023

1989 SIMILAR - ALTERACAO DE NOME COMERCIAL 1201232/18-7
1.1524.0006.001-3 18 Meses

200 MG + 300 MG COM REV CT FR PLAS OPC X 30
1.1524.0006.002-1 18 Meses

200 MG + 300 MG COM REV CX 50 FR PLAS OPC X 30

LABORATORIO TEUTO BRASILEIRO S/A 17159229000176

CLORIDRATQ DE DOXICICLINA 25351.617954/2018-34 02/2024

10488 GENERICO - REGISTRO DE MEDICAMENTO - CLONE 0857308/18-5

(150 SIMILAR - REGISTRO DE MEDICAMENTO SIMILAR - 000290/96-9 - 25000.000123/96-
51)

1.0370.0729.001-7 24 Meses

100 MG COM REV CT BL AL PLAS X 15

LEGRAND PHARMA INDUSTRIA FARMACEUTICA LTDA 05044984000126
CETOCONAZOL 25351.511507/2015-20 02/2024

10488 GENERICO - REGISTRO DE MEDICAMENTO - CLONE 0742621/15-6
(155 GENERICO - REGISTRO DE MEDICAMENTO - 178381/99-5 - 25000.054575/99-69)
1.6773.0618.001-6 36 Meses

20 MG/G CREM DERM CT BG AL X 20 G

1.6773.0618.002-4 36 Meses

20 MG/G CREM DERM CT 25 BG ALX 20 G

1.6773.0618.003-2 36 Meses

20 MG/G CREM DERM CT BG AL X 30 G

1.6773.0618.004-0 36 Meses

20 MG/G CREM DERM CT 25 BG AL X 30 G

MEDQUIMICA INDUSTRIA FARMACEUTICA LTDA. 17875154000120

NISTATINA + OXIDO DE ZINCO

nistatina + gxido de zinco 25351.489442/2016-18 02/2024

10488 GENERICO - REGISTRO DE MEDICAMENTO - CLONE 2478914/16-3

(155 GENERICO - REGISTRO DE MEDICAMENTO - 494958/08-7 - 25351.384280/2008-12)
1.0917.0116.001-1 24 Meses

100.000 UI/G + 200 MG/G POM DERM CT BG AL X 60 G

1.0917.0116.002-1 24 Meses

100.000 UI/G + 200 MG/G POM DERM CX 200 BG AL X 60G

SUN FARMACEUTICA DO BRASIL LTDA 05035244000123
succinato de solifenacina

SAMILE 25351.366613/2018-95 02/2024

10490 SIMILAR - REGISTRO DE PRODUTO - CLONE 0521603/18-6
(155 GENERICO - REGISTRO DE MEDICAMENTO - 0293406/15-0 - 25351.203046/2015-21)
1.4682.0071.001-1 24 Meses

5 MG COM REV CT BL AL PLAS PVC/PVDC TRANS X 30
1.4682.0071.002-8 24 Meses

10 MG COM REV CT BL AL PLAS PVC/PVDC TRANS X 30
EXEMESTANO

EMAH 25351.605315/2018-26 02/2024

10490 SIMILAR - REGISTRO DE PRODUTO - CLONE 0838850/18-4
(155 GENERICO - REGISTRO DE MEDICAMENTO - 2025118/16-1 - 25351.184010/2016-14)
1.4682.0072.001-5 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 5

1.4682.0072.002-3 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 7

1.4682.0072.003-1 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 10

1.4682.0072.004-1 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 15

1.4682.0072.005-8 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 20

1.4682.0072.006-6 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 30

1.4682.0072.007-4 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 60

1.4682.0072.008-2 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 90

1.4682.0072.009-0 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 200

1.4682.0072.010-4 24 Meses

25 MG COM REV CT BL AL PLAS OPC X 500

1FARMA INDUSTRIA FARMACEUTICA LTDA 48113906000149
CLORIDRATO DE FEXOFENADINA

FEXX 25351.354302/2018-83 02/2024

10490 SIMILAR - REGISTRO DE PRODUTO - CLONE 0504194/18-5
(155 GENERICO - REGISTRO DE MEDICAMENTO - 1078182/13-0 - 25351.749127/2013-72)
1.0481.0147.001-0 24 Meses

60 MG COM REV CT BL AL PLAS PVDC TRANS X 2
1.0481.0147.002-9 24 Meses

60 MG COM REV CT BL AL PLAS PVDC TRANS X 4
1.0481.0147.003-7 24 Meses

60 MG COM REV CT BL AL PLAS PVDC TRANS X 6
1.0481.0147.004-5 24 Meses

60 MG COM REV CT BL AL PLAS PVDC TRANS X 8
1.0481.0147.005-3 24 Meses

60 MG COM REV CT BL AL PLAS PVDC TRANS X 10
1.0481.0147.006-1 24 Meses

60 MG COM REV CT BL AL PLAS PVDC TRANS X 20
1.0481.0147.007-1 24 Meses

60 MG COM REV CT BL AL PLAS PVC TRANS X 2
1.0481.0147.008-8 24 Meses

60 MG COM REV CT BL AL PLAS PVC TRANS X 4
1.0481.0147.009-6 24 Meses

60 MG COM REV CT BL AL PLAS PVC TRANS X 6
1.0481.0147.010-1 24 Meses

60 MG COM REV CT BL AL PLAS PVC TRANS X 8
1.0481.0147.011-8 24 Meses

60 MG COM REV CT BL AL PLAS PVC TRANS X 10
1.0481.0147.012-6 24 Meses

60 MG COM REV CT BL AL PLAS PVC TRANS X 20
1.0481.0147.013-4 24 Meses

120 MG COM REV CT BL AL PLAS PVC TRANS X 2
1.0481.0147.014-2 24 Meses

120 MG COM REV CT BL AL PLAS PVC TRANS X 4
1.0481.0147.015-0 24 Meses

120 MG COM REV CT BL AL PLAS PVC TRANS X 6
1.0481.0147.016-9 24 Meses

120 MG COM REV CT BL AL PLAS PVC TRANS X 8
1.0481.0147.017-7 24 Meses

120 MG COM REV CT BL AL PLAS PVC TRANS X 10
1.0481.0147.018-5 24 Meses

120 MG COM REV CT BL AL PLAS PVC TRANS X 20
1.0481.0147.019-3 24 Meses

120 MG COM REV CT BL AL PLAS PVDC TRANS X 2
1.0481.0147.020-7 24 Meses

120 MG COM REV CT BL AL PLAS PVDC TRANS X 4

Este documento pode ser verificado no enderego eletrénico
http://www.in.gov.br/autenticidade.html, pelo cédigo 05312019021800017

1.0481.0147.021-5 24 Meses

120 MG COM REV CT BL AL PLAS PVDC TRANS X 6
1.0481.0147.022-3 24 Meses

120 MG COM REV CT BL AL PLAS PVDC TRANS X 8
1.0481.0147.023-1 24 Meses

120 MG COM REV CT BL AL PLAS PVDC TRANS X 10
1.0481.0147.024-1 24 Meses

120 MG COM REV CT BL AL PLAS PVDC TRANS X 20
1.0481.0147.025-8 24 Meses

180 MG COM REV CT BL AL PLAS PVC TRANS X 2
1.0481.0147.026-6 24 Meses

180 MG COM REV CT BL AL PLAS PVC TRANS X 4
1.0481.0147.027-4 24 Meses

180 MG COM REV CT BL AL PLAS PVC TRANS X 6
1.0481.0147.028-2 24 Meses

180 MG COM REV CT BL AL PLAS PVC TRANS X 8
1.0481.0147.029-0 24 Meses

180 MG COM REV CT BL AL PLAS PVC TRANS X 10
1.0481.0147.030-4 24 Meses

180 MG COM REV CT BL AL PLAS PVC TRANS X 20
1.0481.0147.031-2 24 Meses

180 MG COM REV CT BL AL PLAS PVDC TRANS X 2
1.0481.0147.032-0 24 Meses

180 MG COM REV CT BL AL PLAS PVDC TRANS X 4
1.0481.0147.033-9 24 Meses

180 MG COM REV CT BL AL PLAS PVDC TRANS X 6
1.0481.0147.034-7 24 Meses

180 MG COM REV CT BL AL PLAS PVDC TRANS X 8
1.0481.0147.035-5 24 Meses

180 MG COM REV CT BL AL PLAS PVDC TRANS X 10
1.0481.0147.036-3 24 Meses

180 MG COM REV CT BL AL PLAS PVDC TRANS X 20

AMGEN BIOTECNOLOGIA DO BRASIL LTDA. 18774815000193
PEGFILGRASTIM

NEULASTIM 25351.471357/2015-03 08/2020 ) )
10393 PRODUTO BIOLOGICO - ATUALIZAGAO DE ESPECIFICACOES E METODO ANALITICO
DO PRINCIPIO ATIVO, DO PRODUTO A GRANEL, DO PRODUTO TERMINADO, DO
ADJUVANTE E DOS ESTABILIZANTES QUE NAO CONSTAM EM COMPENDIO OFICIAL
0434358/18-1 ) ) )
10393 PRODUTO BIOLOGICO - ATUALIZAGAO DE ESPECIFICACOES E METODO ANALITICO
DO PRINCIPIO ATIVO, DO PRODUTO A GRANEL, DO PRODUTO TERMINADO, DO
ADJUVANTE E DOS ESTABILIZANTES QUE NAO CONSTAM EM COMPENDIO OFICIAL
0455458/18-2

1.0244.0005.001-6 36 Meses

10 MG/ML SOL INJ CT SER PREENCH VD TRANS X 0,6 ML

1.0244.0005.002-4 36 Meses

10 MG/ML SOL INJ CT SER PREENCH VD TRANS X 0,6 ML + DISPOSITIVO DE
SEGURANCA

CRISTALIA PRODUTOS QUIMICOS FARMACEUTICOS LTDA. 44734671000151
toxina botulinica A

PROSIGNE 25351.197170/2002-19 03/2023 . )
10393 PRODUTO BIOLOGICO - ATUALIZAGAO DE ESPECIFICACOES E METODO ANALITICO
DO PRINCIPIO ATIVO, DO PRODUTO A GRANEL, DO PRODUTO TERMINADO, DO
ADJUVANTE E DOS ESTABILIZANTES QUE NAO CONSTAM EM COMPENDIO OFICIAL
2623811/16-5

1.0298.0317.001-0 24 Meses

100 U PO LIOF INJ CT 1 FA VD INC

1.0298.0317.002-9 24 Meses

100 U PO LIOF INJ CX 5 FA VD INC

1.0298.0317.003-1 24 Meses

50 U PO LIOF INJ CT 1 FA VD INC

1.0298.0317.004-2 24 Meses

50 U PO LIOF INJ CT 5 FA VD INC

COLAGENASE + CLORANFENICOL

Kollagenase com Cloranfenicol 25351.535439/2016-09 02/2024

10370 PRODUTO BIOLOGICO - REGISTRO DE PRODUTO PELA VIA DE DESENVOLVIMENTO
INDIVIDUAL 2550764/16-9

1.0298.0505.001-2 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 01 BG AL X 5 G + ESP PLAS

NAO

1.0298.0505.002-0 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 01 BG AL X 10 G + ESP PLAS

NAO

1.0298.0505.003-9 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 01 BG AL X 15 G + ESP PLAS

NAO

1.0298.0505.004-7 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 01 BG AL X 30 G + ESP PLAS

NAO

1.0298.0505.005-5 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 01 BG AL X 50 G + ESP PLAS

NAO

1.0298.0505.006-3 24 Meses

0,6 U/G + 0,01 G/G POM GINEC CT BG AL X 30 G + 6 APLIC

GINO KOLLAGENASE

1.0298.0505.007-1 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 10 BG AL X 5 G + ESP PLAS (EMB HOSP)
NAO

1.0298.0505.008-1 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 10 BG AL X 10 G + ESP PLAS (EMB HOSP)
NAO

1.0298.0505.009-8 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 10 BG AL X 15 G + ESP PLAS (EMB HOSP)
NAO

1.0298.0505.010-1 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 10 BG AL X 30 G + ESP PLAS (EMB HOSP)
NAO

1.0298.0505.011-1 24 Meses

0,6 U/G + 0,01 G/G POM DERM CT 10 BG AL X 50 G + ESP PLAS (EMB HOSP)
NAO

CSL BEHRING COMERCIO DE PRODUTOS FARMACEUTICOS LTDA 62969589000198

FATOR VIII DE COAGULACAO + fator de von Willebrand

Voncento 25351.573489/2017-31 02/2024

10370 PRODUTO BIOLOGICO - REGISTRO DE PRODUTO PELA VIA DE DESENVOLVIMENTO
INDIVIDUAL 2095937/17-1

1.0151.0129.001-6 36 Meses

250 Ul + 600 Ul PO LIOF SOL INJ CT FA VD TRANS + DIL X 5 ML + DISP TRANSF C/ FILTRO
+ SER 10 ML + ESCALPE + 2 COMPRESSAS + 1 CURATIVO

1.0151.0129.002-4 36 Meses

500 Ul + 1200 UI PO LIOF SOL INJ CT FA VD TRANS + DIL X 5 ML + DISP TRANSF C/ FILTRO
+ SER 10 ML + ESCALPE + 2 COMPRESSAS + 1 CURATIVO

1.0151.0129.003-2 36 Meses
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ANIMAL PRODUCT-FREE CULTURE
MEDIUM AND A PROCESS FOR
PRODUCING A SUPERNATANT OF
CLOSTRIDIUM COMPRISING ONE OR
MORE COLLAGENOLYTIC AND
GELATINOLYTIC PROTEASES

FIELD OF APPLICATION

The present invention is related to the field of microbi-
ology and biotechnology. Particularly, this invention is
related to an animal product-free culture medium and a
process for producing a supernatant of Clostridium liquid
culture comprising one or more collagenolytic and gelati-
nolytic proteases.

BACKGROUND OF THE INVENTION

Collagenase (clostridiopeptidase A, EC 3.4243) is a
proteolytic enzyme that hydrolyzes collagen proteins, both
in their native and denatured (gelatins) form. No other
enzyme is capable of cleaving native collagen, due to its
distinct amino acid composition (presence of a numerous
amount of imino acids, represented by tripeptide Gly-Pro-X,
where X is, frequently, proline or hydroxyproline), and
macrostructure (complex triple-helix structure).

Collagenase, isolated or as the main component of com-
positions comprising other proteolytic enzymes, has been
widely used since the 70’s in the treatment of several
diseases and pathological conditions. All diseases and con-
ditions in which collagenase is administered are associated
with the excessive deposit of collagen and the erratic accu-
mulation of fibrous tissue rich in collagen. Such diseases and
conditions are denominated collagen-mediated diseases, and
the local application of compositions containing collagenase
is one of the possible alternative treatments to surgical
intervention. The use of collagenase compositions for the
treatment of necrotic tissue debridement (burns, skin lesions,
etc.) has also been approved by regulatory agencies, show-
ing surprising results on improving scarification processes.

Some therapeutic applications of collagenase composi-
tions are: burn treatment, with a concomitant beneficial
effect over tissue regeneration; enzymatic debridement of
wounds and treatment of infected wounds and ulcers (skin
and decubitus ulcers); herniated intervertebral disc disease
treatment; selective lysis of collagen fibers of the eye’s
vitreous body; Dupuytren’s disease treatment; Peyronie’s
disease treatment; adhesive capsulitis treatment; lateral epi-
condylitis treatment, Carpal Tunnel Syndrome and plantar
fasciitis; regeneration of damaged nerves; also being widely
used in medical specialties such as plastic surgery and in
several dermatological and aesthetic procedures, for
example, in the treatment of cellulites and scars, such as
acne, keloid and other hypertrophic scars through intral-
esional injection of purified collagenase.

Other studies have shown the use of collagenase compo-
sitions in rheumatoid arthritis, metastasis, angiogenesis and
cirrhosis.

Collagenases have also been described as important tools
in specific organ transplantation i.e. isolation of pancreatic
islets of Langerhans, microvascular endothelial cells,
hepatocytes and chondrocytes (W(09824889). Tissue disso-
ciation mediated by collagenolytic enzymes is a critical step
in several cell isolation procedures.

The collagenases used in the majority of the therapeutic
applications described above are obtained from supernatant,
purified or not, of bacterial cultures, most specifically of
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Clostridium histolyticum cultures. Clostridium histolyticum
is an anaerobic, gram-positive and spore-forming cylindrical
bacterium. The collagenolytic activity of the extracellular
enzymes of such bacteria has been known for over 50 years,
when it was isolated for the first time an extracellular
enzyme capable of digesting cattle Achilles tendons.

Currently, it is of common knowledge that several micro-
organism species when cultured in specific conditions are
capable of producing collagenase. However, Clostridium sp,
most specifically Clostridium histolyticum, is still the main
source of collagenolytic and gelatinolytic enzymes for thera-
peutic application due to its higher enzymatic productivity
and activity against several collagen forms and its peptides.

Other collagenase sources for therapeutic use include
mammal cells, crustaceans (crabs, shrimp), fungi and other
bacteria (Streptomyces, Pseudomonas and Vibrio).

The ability of Clostridium collagenases to digest several
kinds of collagen (type I, IL, I11, VII and X) and gelatin is the
major factor that differentiates these proteases from other
collagenase sources. Aforesaid clostridial enzymes not only
present higher collagenolytic activity when compared to
vertebrate collagenases but it also presents an optimum pH
for its activity within human physiological pH range.

Studies from late 1950s to mid-1980s showed the exis-
tence of several types of C. histolyticum collagenases and
characterized their specificity and stability gradually. Bond
and Van Wart (1984; Biochemistry, 23: 3077-3085) isolated
six different enzymes from commercial collagenase prepa-
rations with molecular weights varying from 68 kDa to 130
kDa and isoelectric points between pH 5.5 and 6.5; further,
classifying them in two classes according to substrates
specificity. Class I—higher activity against high molecular
weight collagens (native collagen: intact); Class [[—prefer-
ence for low molecular weight collagen fragments (dena-
tured collagen: gelatins). These activities seem to be
complementary, and there is evidence of its synergistic
action on native collagen.

In addition to the several classes I and II collagenase
isoforms, conventional preparations of collagenase, based
on the supernatant of Clostridium histolyticum cultures,
contain over 30 different enzymes. The primary constituent
of the culture supernatant are the collagenases (classes I and
1I), however, other important proteases are also present, such
as: neutral proteases i.¢.: gelatinases, clostripains (clostridi-
opeptidase B, EC 3.4.22.8), trypsins, elastases and amino-
peptidases. Non-proteolytic enzymes including: galactosi-
dase, acetylglucosaminidase, fucosidase, phospholipase,
neuraminidase (or sialidase) and hyaluronidase can also be
found. Of the aforementioned proteolytic and non-pro-
teolytic enzymes, sialidase, hyaluronidase and collagenase
are deeply involved in the degradation process of extracel-
lular matrix. The presence of this “enzymatic combination”
is required to obtain compositions suitable to be used as
enzymatic debridement agent for skin lesion and organ
transplant (i.e. isolation of pancreatic islets).

Furthermore, either purified or recombinant, collagenase
alone is ineflicient in tissue dissociation due to incomplete
hydrolysis of collagen polypeptides and to its limited activ-
ity when high concentrations of non-collagen proteins and
other macromolecules are found in the extracellular matrix.
For such reason, the most used collagenase composition for
tissue dissociation and debridement is a crude or partially
purified preparation (obtained by few purification steps),
since the presence of enzymes which act on native collagen
and reticular fibers in addition to enzymes responsible for
the hydrolysis of other proteins, polysaccharides and lipids
in the extracellular matrix of connective and epithelial tissue
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are required. The complex composition of crude collagenase
preparations brings consequences to the production process,
due to difficulties to define expression patterns of the pro-
teolytic enzymes of the final composition.

On the other hand, the use of collagenase compositions
for the treatment of collagen-mediated diseases require high
purity of the preparations, due to the need of a specific action
on digestion of collagen; such treatments are administered
through local injections. In these cases, the purification
processes of collagenase from the supernatant of C. his-
tolyticum cultures are complex, including numerous steps
with different strategies of purification.

In general, the purity of collagenase composition is
directly related to the therapeutic application intent. How-
ever, regardless of the therapeutic application, a defined
process for culturing Clostridium histolyticum is essential to
direct the production in order to obtain the proteases of
interest in the supernatant, purified or not.

The enzymatic activity and the concentration of proteases
in C. histolyticum cultures supernatant vary according to the
bacterial strain, culture medium, culture conditions, culture
age, cellular density, among other variables. The intrinsic
variability of this type of biotechnological process implies in
exhaustive quality control analysis of the batches, increasing
production costs. Moreover, the loss of efficacy of traditional
collagenase over storage, regardless of the storage condi-
tions, is strongly related to the enzymatic composition of the
culture supernatant. For such reason, defined culture condi-
tions which direct the production of the desired collag-
enolytic and gelatinolytic enzymes, in special collagenases,
are required.

It is well known that the production of extracellular
proteases by microorganisms is strongly influenced by com-
ponents of the culture medium, especially by carbon and
nitrogen sources, and physical factors such as, for instance,
pH, temperature, inoculum volume, rate of orbital agitation
and incubation time. There is no pre-defined culture media
for specific proteases production; each microorganism has
its own physicochemical and nutritional idiosyncratic
requirements for growth and enzymatic secretion.

Proteins and peptides are the main source of carbon and
nitrogen in Clostridium culture, being required for protein
expression as well as growth. Therefore, brain-heart infusion
(BHI), tryptose, peptone proteose, meat extract, casein and
gelatin are commonly found in C. histolyticum culture
medium. Not only, inorganic salts, vitamins, glucose, yeast
extract, sodium thioglycolate and ferrous sulphate are also
found in different concentrations in such culture media.

Since 1930’s, several authors stated that animal derived
peptones are essential for C. histolyticum growth and enzy-
matic production.

Later, in the 1950s, MacLennan et al. (1953; I. Clin.
Invest., 32: 1317) evaluated how several carbon and nitro-
gen sources (phytones, peptones, collagen and it’s deriva-
tives, and glucose), as well as vitamin and inorganic salts
concentration, pH and Fe** influence C. histolyticum growth
and collagenolytic and gelatinolytic enzyme expression
(several strains). Ferrous salt and animal derived peptone
were defined as crucial for maximum enzymatic yield. The
results presented in this study have been considered to
determine the “conventional culture medium” for C. his-
tolyticum collagenase production for several decades.

Commonly described as examples of animal derived
peptones are: bacto-peptone, peptone proteose, hydrolyzed
casein, casein tryptic hydrolysate, among others. Combina-
tions of these components with vegetable peptones have also
been described. For example, Bergman et al. (1961; Journal

20

25

40

45

60

65

4

of Bacteriology, 82: 5829) obtained good results culturing C.
histolyticum in a culture medium which contains peptone
proteose, casein hydrolysate, soy tryptic hydrolysates and
vitamins. The authors also demonstrated that, in the absence
of inorganic salts, the collagenase productivity is equal to or
greater than the one presented by MacLennan et al. (1953),
however, with a decrease in the production of azocaseins,
which is an interesting fact, since it facilitates later purifi-
cation procedures (called PTV culture medium).

Besides the importance of animal derived peptones for the
growth and enzymatic production in cultures of C. histolyti-
cum, the influence of other components in the culture
medium has also been investigated in order to define meta-
bolic patterns for this species, thus improving culturing
conditions.

Mead (1971; J. Gen. Microbiol., 67: 47) describes the
pattern of amino acids intake in several Clostridium species
during its growth, classifying them into groups according to
their nutritional needs. In the aforementioned study,
Clostridium histolyticum is considered capable of ferment-
ing amino acids, and is sub-classified in the so called Group
1 (C. botulinum; C. histolyticum; C. cochlearium; C. sub-
terminale). Even though serine, glutamine, glycine and
valine are the main amino acids used by these species, their
addition in culture medium produces no or little effect on the
bacterial growth. However, substitution of partial casein
hydrolysate by casamino acids significantly increases the
observed bacterial growth rate (culture medium used: vita-
mins, inorganic salts, tryptophan, cysteine hydrochloride,
casamino acids—2 g/I or casein hydrolysate—3% w/v and
meat extract). Unfortunately, the author did not analyze the
protease production.

More frequent than the amino acids intake, glucose intake
as energy source for several microorganisms has been well
documented. Particularly, for C. histolyticum the addition of
glucose (and other sugars) has been correlated with a
decrease in bacterial growth rate (Mead, 1971). Thus despite
being initially classified as saccharolytic species, due to their
ability to metabolize carbohydrates as energy source, several
strains of C. histolyticum are ineflicient fermenters of simple
sugars such as glucose, maltose, among others. Moreover, a
decrease in growth rate is even more prominent when
culturing C. histolyticum under aerobic conditions in media
containing glucose, suggesting the existence of two inhib-
iting factors: sugars and oxygew/air.

Not only does glucose negatively influence bacterial
growth, it has also been reported that glucose containing
media decrease protease expression in Clostridium cultures
(C. difficile, for example). This observation suggests that
there is a relationship between repression of toxin expres-
sion and the coniposition of culture medium with rapidly
consumable carbon sources.

As discussed previously, Clostridium bacterial growth
rate and protein expression are affected by nutritional
requirements as well as the maintenance of an anaerobic
environment. C. histolyticum tolerates few amounts of oxy-
gen, as observed to other anaerobes and also other species of
the genus, being considered an aerotolerant microorganism.
Despite this, minimal conditions of anaerobiosis must be
assured for growth and production of collagenolytic and
gelatinolytic protease by C. histolyticum liquid cultures.

Additionally, reducing agents are also considered critical
in anaerobic liquid culture. Among the most frequently used
agents are: meat digest, glucose, sodium thioglycolate, cys-
teine, iron salts, metallic iron or a mixture of both.

To this date, it remains unknown which culture medium
ingredients influence C. histolyticum growth and protease
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secretion. There is a consensus only about the importance of
animal source ingredients, particularly peptones, to
Clostridium histolyticum growth and protease expression,
1.e. collagenases.

The conventional C. histolyticum culturing processes
present several disadvantages, such as: low yield, low repro-
ducibility and incomplete separation of impurities. Further-
more, one of the major drawbacks of such culture processes
is the predominant use of animal derived components to
obtain collagenolytic and gelatinolytic proteases for thera-
peutic use in humans.

The presence of animal derived components in such
culture processes offers additional and undesirable potential
risk of infections and anaphylactic reactions. A well-known
example of disease caused due to interspecific horizontal
transmission of pathogens is the bovine spongiform
encephalopathy (prion disease; “Mad Cow disease”). Its
transmission from the original host (bovine) to man was first
recorded in 1993, due to contact with infected physiological
fluids and consumption of infected animal meat.

In the last decade, regulatory agencies have been encour-
aging the pharmaceutical industry to use bacterial culture
media comprising only non-animal derived components.
However, care must be taken when considering non-animal
derived components since these are often processed using
animal derived enzymes. Even being a very small fraction of
the final culture media, the presence of animal derived
enzymes prevents media classification as animal product-
free.

The following patents and papers state different animal
product-free culture media for Clostridium: WQ09854296
(1998, Chiron), WO0105997 (2000, Massachusetts Institute
of Technology), W0O2005035749 (2004, Allergan), Busta &
Schroder (1971, Effect of soy proteins on the growth of
Clostridium perfringens. Appl. Microbiol, 22(2), 177-183;
Demain et al. (2007, Tetanus toxin production in soy-based
medium: nutritional studies and scale-up into small fermen-
tors. Lett. Appl. Microbiol., 45(6), 635-638); Fang et al.
(2009, Production of Clostridium difficile toxin in a medium
totally free of both animal and dairy proteins or digests.
PNAS, vol. 106: 13225-13229).

Usually, soy based and yeast extracts components are able
10 sustain growth rate as well as protease expression and
secretion when used to replace animal derived peptones in
the culture media of some Clostridium species such as, C.
sporogenes, C. tetanus, C. botulinicum.

However, particularly to C. histolyticum, there is no
animal product-free culture media that stimulate the produc-
tion of collagenolytic and gelatinolytic proteases in a way at
least equivalent to the conventional animal derived media.

The culture media described so far to C. histolyticum
present disadvantages such as: presence of animal derived
components, high cost associated with its complex compo-
sition, low collagenase expression and long culturing peri-
ods required to obtain a supernatant with collagenolytic and
gelatinolytic activity appropriate for industrial production
with therapeutic purposes.

Attempts for obtaining an animal product-free culture
medium that would be appropriate for C. histolyticum
growth and collagenase production are reported below.

The document WO2007089851 (2007; Auxilium)
describes C. histolyticum culture conditions in order to
obtain collagenases. Although it describes the production of
collagenases by C. histolyticum in an animal product-free
culture medium, it still emphasizes that in order to produce
collagenases with higher reproducibility, a culture medium
comprising animal derived peptone is preferred. Only the
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animal derived culture medium was capable of producing
the collagenases in adequate proportion to maximize its
synergistic activity, resulting in a therapeutic benefit. Other
than peptones (vegetable and/or animal), the culture medium
described above may contain amino acids (glutamine, tryp-
tophan and asparagine), yeast extract, inorganic salts, glu-
cose and vitamins.

The document US20100086971 (2009; Roche) describes
a culture medium for C. histolyticum which includes veg-
etable derived peptone. However, in the US2010008671
document, an animal derived additive—{fish gelatin—is con-
sidered crucial to the higher collagenolytic activity observed
in these culture supernatants. It is emphasized that only the
liquid composition containing vegetable peptone with fish
gelatin can support greater bacterial growth and collag-
enolytic activity when compared to the standard culture
medium comprising animal derived peptone.

Thus, until the present moment, no culture medium com-
pletely free from animal derived components has been able
to support an adequate industrial production of C. kistolyti-
cum collagenases as demonstrated to conventional culture
media containing animal peptones.

For such reason, there is a clear need for developing
animal product-free culture media as well as processes for
production of C. histolyticum collagenolytic and gelati-
nolytic proteases.

Therefore, the present invention provides an animal prod-
uct-free culture medium for bacteria of the genus
Clostridium, preferably C. histolyticum, and an industrially
adequate process for producing a supernatant comprising
one or more collagenolytic and gelatinolytic proteases, in
particular collagenases, for therapeutic purposes.

SUMMARIZED DESCRIPTION OF THE
INVENTION

The present invention refers to an animal product-free
culture medium for Clostridium comprising water, non-
animal derived peptone or its derivatives, yeast extract and
the amino acids cysteine and arginine, or pharmaceutically
acceptable salts thereof. Preferably, the Clostridium is a
Clostridium histolyticum strain.

The culture medium of the present invention further
comprises one or more additives selected from the group
consisting of agent for pH adjustment within the range of 7
to 8, reducing agent, inorganic salts and vitamins.

The non-animal derived peptone may be vegetable or
yeast peptone. Preferably, the non-animal derived peptone is
a vegetable peptone selected from the group consisting of
soy, cotton, wheat, sunflower, rice, peanut, fava bean, peas,
potato, corn and mixtures thereof. Most preferably, the
vegetable peptone is a soy peptone.

The culture medium of the present invention comprises
non-animal derived peptone at a concentration range from
0.5% to 5% wi/v, yeast extract at a concentration range from
0.5% to 5% w/v, cysteine, or its pharmaceutically acceptable
salts, at a concentration range from 0.01% to 0.1% w/v, and
arginine, or its pharmaceutically acceptable salts, at a con-
centration range from 0.1% to 1% w/v. Preferably, the
non-animal derived peptone is at a concentration range from
1% to 4% w/v, veast extract is at a concentration range from
1% to 4% w/v, cysteine, or its pharmaceutically acceptable
salts, is at a concentration range from 0.03% to 0.07% w/v;
and arginine, or its pharmaceutically acceptable salts, is at a
concentration range from 0.25% to 0.7% w/v. Most prefer-
ably, the non-animal derived peptone is at a concentration of
3% w/v; yeast extract is at a concentration of 3% w/v;
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cysteine, or its pharmaceutically acceptable salts, is at a
concentration of 0.0625% w/v; and arginine, or its pharma-
ceutically acceptable salts, is at a concentration of 0.375%
LA

Contrary to the culture media conventionally used for C.
histolyticum growth comprising at least one animal derived
ingredient, the culture medium of the present invention is
animal product-free and, surprisingly, stimulate a higher
expression of collagenolytic and gelatinolytic proteases,
particularly collagenases, than the conventional animal
derived culture media.

The present invention also refers to a process for produc-
ing a supernatant of Clostridium histolyticum liquid culture
comprising one or more collagenolytic and gelatinolytic
proteases comprising the following steps: a) providing a
sterile animal product-free culture medium; b) culturing
Clostridium  histolyticum stock culture in the culture
medium of step (a), under anaerobic conditions at about 37°
C. before reaching the stationary growth phase in order to
obtain an inoculum; ¢) providing a sterile animal product-
free culture medium according to present invention; d)
adding to the culture medium of step (c¢) a volume of
inoculum from step (b) equal to or lower than 10% of the
final volume of the medium defined in (c); e) culturing the
C. histolyticum obtained in (d) under anaerobic conditions at
about 37° C. until the stationary growth phase; f) removing
the cellular debris and other particulate matter from the
liquid phase of the culture from step (e), yielding a super-
natant comprising one or more collagenolytic and gelati-
nolytic proteases. Such process may comprise one or more
additional steps for the purification of one or more collag-
enolytic and gelatinolytic proteases from the supernatant
obtained in step (f).

The present invention also refers to a supernatant of a
Clostridium histolyticum liquid culture comprising one or
more collagenolytic and gelatinolytic proteases obtained
according to the process mentioned above, and pharmaceu-
tical compositions comprising, as active ingredient, a super-
natant of Clostridium histolyticum liquid culture and phar-
maceutically acceptable excipients.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Bacterial growth (optical density 600 nm) of C.
histolyticum (ATCC 21000) in animal product-free culture
media (3% wiv of vegetable peptone, 3% w/v of yeast
extract, 0.0625% w/v of cysteine hydrochloride) containing
vegetable peptone and yeast extract from different suppliers.
Standard culture medium (comprising casein peptone) was
used for comparison.

FIG. 2. Bacterial growth (optical density 600 nm) of C.
histolyticum (ATCC 21000) in animal product-free culture
media distinguished by the concentration of vegetable pep-
tone (HY Pep 1511) and yeast extract (YE5114) used. The
animal product-free culture media contain 0.0625% wiv of
cysteine hydrochloride. Standard culture medium (compris-
ing casein peptone) was used for comparison.

FIG. 3. Bacterial growth (OD) and enzymatic activity of
C. histolyticum (ATCC 21000) animal product-free cultures
with different concentrations of yeast extract (0-3% w/v),
3% w/v or 4% w/v of soy peptone and 0.0625% wiv of
cysteine hydrochloride.

FIG. 4. pH influence on bacterial growth (optical density
600 nm) of C. histolyticum (ATCC 21000) in an animal
product-free culture medium comprising 3% w/v of soy
peptone (NZ Soy BL4), 3% wi/v of yeast extract (YE251)
and 0.0625% w/v of cysteine hydrochloride.
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FIG. 5. Bacterial growth (OD) and enzymatic activity of
C. histolyticum (ATCC 21000) cultures supplemented with
inorganic salts, vitamins and amino acids. Culture media
used are animal product-free and comprise: 3% w/v of soy
peptone (NZ SOY BL4), 3% w/v of yeast extract (YE 251)
and 0.0625% w/v of cysteine hydrochloride. The bars (1-8)
in the chart refer to:

1—Control Medium (Ctrl):

NZ-soy BL4 (3%);
Yeast extract YE 251 (3%);
Cysteine hydrochloride (0.0625%);

2—Ctrl+Salts*

3—Ctrl+Vitamins**

4—Ctrl+Vitamins**+Salts*

5—Ctrl+Aa***

6—Ctrl+Aa***+Vitamins**

T—Ctrl+Aa***+Salts*

8—Ctrl+Aa***+Vitamins**+Salts*

The vitamins and the salts were tested in the following
concentrations:

Components Quantities (mg/ml)
Salts*
Potassium phosphate dibasic (K,HPO,) 1.0
Potassium phosphate monobasic (KH,PO,) 1.0
Magnesium sulphate (MgSO,*¢7H,0) 0.4
Sodium chloride (NaCl) 0.02
Tron sulphate (FeSO4*7H,0) 0.02
Manganese sulphate (MnSO,*4H,0) 0.02
Vitamins**
Biotin 0.00625
Pimelic acid 0.02
Nicotinamide 0.02
Calcium pantothenate 0.02
Folic acid 0.02
Thiamine nitrate 0.02
Riboflavin 0.02
P-Aminobenzoic acid (PABA) 0.02
Amino acids - Aa***
Mix 20 Aa 1/each

FIG. 6. Bacterial growth (OD) and enzymatic activity of
C. histolyticum (ATCC 21000) cultures supplemented with
inorganic salts, vitamins and amino acids. Culture media
used are animal product-free and comprise: 30 g/l of
soybean peptone (NZ SOY BL4), 30 g/ of yeast extract
(YE 251), 0.625 g/L of cysteine hydrochloride and 3.75 g/L.
arginine hydrochloride. Enzymatic activity was analyzed
through zymography gel (samples of the supernatant
obtained for each culture medium were analyzed in dupli-
cates). The bars (1-4) in the chart refer to:

1—Control Medium (Ctrl):

vegetable peptone NZ-soy BL4 (30 ¢/1);
Yeast extract YE 251 (30 g/L);

Cysteine hydrochloride (0.625 g/L);
L-arginine (3.75 g/L).

2—Ctrl+Vitamins

3—Ctrl+Phosphates

4—Ctrl+Vitamins+Phosphates

FIG. 7. Collagenolytic and gelatinolytic activity of the
supernatant of C. kistolyticum (ATCC 21000) animal prod-
uct-free liquid cultures containing vegetable peptone and
yeast extract from different suppliers (3% w/v of vegetable
peptone, 3% w/v of yeast extract, 0.0625% w/v of cysteine
hydrochloride). Standard culture medium (comprising
casein peptone) was used for comparison.
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FIG. 8. Bacterial growth and collagenolytic and gelati-
nolytic activity of the supernatant of C. histolyticum (ATCC
21000) liquid culture using an animal product-free culture
medium (30 g/L of soy peptone NZ SOY BL4, 30 g/L of
YE251 and 0.625 g/L of cysteine) comprising, additionally,
arginine, glycine or both. Horizontal axis label are as follow:

Ctrl*=NZ-SoyBL4 (30 g/L); Yeast extract YE 412 (30
g/l); Cysteine hydrochloride (0.625 g/L); and
GA**=Glycine+L-arginine-HCl

FIG. 9. Bacterial growth and collagenolytic and gelati-

nolytic activity of the supernatant of C. histolyticum liquid
culture using an animal product-free culture medium (3%
w/v of soy peptone NZ SOY BL4, 3% w/v of YE251 and
0.0625% w/v of cysteine) comprising, additionally, amino
acid pools (Groups 1 to 6). Enzymatic activity was analyzed
through zymography gel. The Groups 1-6 and Control in the
chart refer to:

Group 1: Glutamate/Proline/Glutamine/Arginine*

Group 2: Aspartate/Asparagine/Lysin/Methionine/
Threonine/Isoleucine®

Group 3: Alanine/Valine/Leucine®

Group 4: Serine/Glycin/Cysteine

Group 5: Phenylalanine/Tyrosine/Tryptophan*

Group 6: Histidine™®

Control: NZ-Soy BL4 (3%); Yeast extract YE 251

(3%); cysteine hydrochloride (0.0625%).

*Amino acids at 1 mg/ml each.

FIG. 10. Bacterial growth and collagenolytic and gelati-
nolytic activity of the supernatant of C. histolyticum biore-
actor (3 L) liquid culture using an animal product-free
culture medium (3% w/v of soy peptone NZ SOY BL4, 3%
w/v of YE251 or YE 412 and 0.0625% w/v of cysteine).
Enzymatic activity was analyzed through zymography gel.

FIG. 11. Bacterial growth and collagenolytic and gelati-
nolytic activity of the supernatant of C. histolyticum biore-
actor (3 L) liquid culture using an animal product-free
culture medium (3% w/v of soy peptone NZ SOY BL4, 3%
w/v of YE251 and 0.0625% w/v of cysteine and 0.375% w/v
of arginine). Enzymatic activity was analyzed through
zymography gel (B) and the protein profile was analyzed
through SDS-PAGE gel (C) (analysis performed only after
7 hours of culture).

FIG. 12. Growth and collagenolytic and gelatinolytic
activity of the supernatant of C. histolyticum (ATCC 21000)
liquid culture (bioreactor—3 L) using an animal product-
free culture media comprising: 3% w/v of soy peptone NZ
SOY BL4, 3% w/v of YE251 and 0.0625% w/v of cysteine;
or 3% w/v of soy peptone NZ SOY BL4, 3% w/v of YE251,
0.0625% wiv of cysteine and 0.375% w/v of arginine.
Analysis performed with supernatant samples collected at
the end of the culturing process.

FIG. 13. Recovery of collagenolytic and gelatinolytic
proteases from supernatant of C. histolyticum (ATCC
21000) liquid culture in animal product-free culture medium
comprising 3% w/v of soy peptone NZ SOY BL4, 3% w/v
of YE251, 0.0625% w/v of cysteine and 0.375% wiv of
arginine. Protein profile was obtained through SDS PAGE of
samples collected during the culture process. In the chart,
the columns from 1 to 6 refer to:
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Activity (U/mL) Yield (%)

1—Supernatant (4x) 908.578 100
2—post-dialysis (4x) 749.568 825
3—post-dialysis (10x)
4—post-dialysis (25x)
S—post-dialysis (50x)
6—post-lyophilization (25x) 798.649 87.35

FIG. 14. Bacterial growth (DO 600 nm) and collag-
enolytic and gelatinolytic activity (mU/mL) of the superna-
tant of C. histolyticum ATCC 21000 and T248 liquid culture
in animal product-free culture media comprising: 3% w/v of
soy peptone NZ SOY BL4, 3% w/v of YE251, 0.0625% wiv
of cysteine and 0.375% w/v of arginine. Cultures were
carried out in bioreactor (3 L.). Analyses were performed (14
h) at the end of the culture process.

DETAILED DESCRIPTION OF THE
INVENTION

In order to guarantee a better understanding of the inven-
tion’s scope, without making it a limiting factor, the specific
terms related to the present invention are defined as follows.

“Proteases” (proteinases, peptidases or proteolytic
enzymes, EC 3.4), according to present invention, are
enzymes that cleave protein peptide bonds.

Clostridium histolyticum “Collagenases” type 1 and type
1T are defined accordingly to the description supplied by
Bond M. D., van Wart, H. E., 1987, Biochemistry 23:3077-
3085 and Bond, M. D., van Wart, H. E., 1984, Biochemistry,
23: 3085.

“Collagen proteins” or “collagen” refer to the main struc-
tural protein present in the skin and bones of most animals,
which are important extracellular matrix components. Col-
lagen molecules consist of 3 individual polypeptide chains
(alpha chains) folded in a triple helix configuration stabi-
lized by hydrogen bonds.

“Gelatin” refers to a partially hydrolyzed form of colla-
gen.
“Collagenolytic and gelatinolytic activity” refers to the
measure of collagen and/or gelatin degradation by proteases
within a specified period of time. It is usually expressed in
units/mL, units/L, units/mg of enzyme or units/g of enzyme.
Collagenolytic and gelatinolytic activity can be determined
through a variety of methodologies such as viscometric
analysis, colorimetric (ninhydrin; Moore & Stein, JBC, 176,
367, 1948) or fluorimetric reactions (collagen and gelatin
substrates marked with fluorescein; EnzChek®) among oth-
ers. In the case in which the activity is quantified following
a colorimetric protocol with ninhydrin, the activity is mea-
sured by the enzymatic hydrolysis of a synthetic substrate
(Carbobenzoxy-Gly-Pro-Gly-Gly-Pro-Ala).

“Bacterial growth” is defined as the division of a bacterial
cell in two identical daughter cells during a process called
binary fission. The duplication of bacterial population
occurs at each cell division, undergoing exponential growth.
Exponential bacterial growth in a culture can be monitored
through well-known methods, such as, direct count of bac-
terial cells (i.e. microscopy, flow cytometry), biomass quan-
tification (milligrams, grams, kilos or tons), colony count,
optical density (measured in spectrophotometer, wavelength
of about 600 nm), nutrient consumption, among others.
Bacterial growth can be characterized by four different
phases: “lag phase”, “exponential or log phase”, “stationary
phase” and “decline or death phase”.
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It is of common knowledge that during the “lag phase”,
the bacteria are adapting to growth conditions and are not yet
able to perform cellular division. It is a period when cells are
entering a maturity state. The “exponential or log phase™ is
a period characterized by duplication of bacterial popula-
tion. If growth is not restricted, cell duplication continues in
a constant rate, so both, the number of cells and growth rate,
duplicate in each generation. The exponential growth phase
is not sustained indefinitely since the growth medium has
nutritional restraints and the metabolites produced by bac-
terial cells during cellular division are often toxic. Thus, the
growth rate tends to decrease and the bacterial growth enters
in the “stationary phase”. This phase is characterized by
resource depletion in the culture medium. In the “decline or
death phase”, bacteria deplete completely the remaining
nutrients in the culture medium and die.

“Pre-inoculum” is defined as a suspension of microorgan-
isms obtained from a stock culture that will be used to
“inoculum” production.

“Inoculum” is a suspension of microorganisms with a
specific concentration to be used for growth and/or fermen-
tation on a larger scale (greater volume of culture medium)
than the initial one.

“Anaerobic condition” and “anaerobiosis” is defined as
the maintenance of a substantially oxygen-free culture con-
dition.

“Fresh culture medium” refers to any culture medium for
microorganism growth or fermentation that has not been
previously used, as a culture medium containing integrally
all of its components.

“Freezing medium” characterizes a composition capable
of maintaining a microorganism’s viability after freezing or
lyophilization and, thus, preserve its growth and fermenta-
tion capacity after long-term storage. The storage of the
microorganism on the freezing medium can be performed on
temperatures that are suitable for its cryopreservation. More-
over, it is also possible to Iyophilize the microorganism in
the freezing medium before storage. In the present inven-
tion, the freezing medium is free from animal derived
components and contains, in addition, a cryopreservation
agent.

“Cryopreservation agent”, or cryoprotectant, is a sub-
stance intended to protect the microorganism during a
freeze-thaw process allowing it to maintain cell viability
after freezing. Some common cryopreservation agents used
for microorganism storage are: sucrose, glycerol, dimethyl
sulfoxide (DMSQ), among others.

“Stock or storage culture” refers to a fraction of micro-
organism in freezing medium stored for a determined period
of time.

“Supernatant” is used hereafter to describe the liquid
phase of a microorganism culture medium (growth or fer-
mentation medium), free from cell debris, particulate or
solid material. The supernatant can be obtained by well-
known centrifugation and/or filtration procedures.

“Peptones” are characterized in the present invention as
mixtures of compounds obtained by protein hydrolysis (pro-
teins fragments, whose composition depends on the protein
source used for hydrolysis). Commonly, peptones are
obtained by acid or enzymatic hydrolysis of natural prod-
ucts, such as animal or vegetable tissues, as well as milk or
microbial cultures.

The protein source of animal derived peptones is often a
by-product of meat and dairy production. Therefore, its
hydrolysis results in several other compounds, apart from
peptides and amino acids, such as fats, metal ions, salts and
vitamins.
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“Animal Product-Free” refers to the absence of any
animal derived product, component or compound. “Animal”
includes mammals, birds, reptiles, fishes, amphibians,
arthropods, withal other animal species. “Animal” excludes
microorganisms such as bacteria and yeasts. Thus, “Animal
Product-Free” can comprise proteases derived from bacteria
of the genus Clostridium, such as C. histolyticum. A com-
position “animal Product-free” does not include animal
derived proteins, such as: immunoglobulin, meat digests and
by-products, and dairy products and their derivatives.

In the context of this invention “component”, “ingredi-
ent”, “product” or “source” “of non-animal derived” are the
preferred sources of ingredients for the Clostridium his-
tolyticum culture medium, including vegetables, microor-
ganisms (e.g., yeast) and synthetic compounds.

“Standard or conventional culture medium” refers to the
culture medium for growth and/or fermentation of bacteria
of the genus Clostridium, in particular C. histolyticum,
comprising animal derived components, including peptone
proteose, tryptic digests of casein or meat, casein peptone,
among others.

Invention Description

Tt is well known that animal derived peptones are essential
ingredients of the culture medium to Clostridium histolyti-
cum growth, having a strong influence on the production of
gelatinolytic and collagenolytic proteases. However, regard-
ing the protease for therapeutic use in humans, it is desired
to avoid animal derived ingredients throughout the entire
production process, eliminating the risk of pathogens inter-
specific horizontal transmission and pathological immune
responses against animal derived antigenic peptides that
may be present in the final product, even after several
purification steps.

Thereby, this invention describes a Clostridium animal
product-free culture medium for growth and collagenolytic
and gelatinolytic protease production. Most preferably, the
present invention describes a culture medium for C. his-
tolvticum.

Bacterial growth and collagenolytic and gelatinolytic pro-
tease production using the animal product-free culture
medium as described in this invention were compared to the
results of cultures with animal derived medium comprising
i.e proteose peptone or casein hydrolysate (standard or
conventional culture medium).

Particularly, the culture medium described in the present
invention yields a supernatant with higher collagenolytic
and gelatinolytic activity than the one obtained from
Clostridium histolyticum culture using standard culture
medium (comprising animal derived peptones).

Thereby, this invention presents an animal product-free
culture medium for Clostridium, most particularly C. his-
tolyticum, comprising water, non-animal derived peptone, or
its derivatives, yeast extract and the amino acids cysteine
and arginine, or pharmaceutically acceptable salts thereof.

The culture medium of the present invention can addi-
tionally comprise one or more additive selected from the
group consisting of agent for pH adjustment within the range
of 7 to 8, reducing agent, inorganic salts, vitamins and
mixtures thereof.

Optimum bacterial growth rates and collagenolytic and
gelatinolytic proteases production, mainly collagenases, are
achieved using the culture medium of this invention with a
pH ranging from 7.0 to 8.0, preferably around 7.0. pH
adjustment must be performed after sterilization and before
initiating C. histolyticum culture, through aqueous solutions
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of a pH adjustment agent known by those skilled the art, e.g.,
ammonium sulphate, NaOH, sulphuric or nitric acid, among
others.

The additives (reducing agents, inorganic salts and vita-
mins) that can be included on the animal product-free
culture medium are selected among substances known by
those skilled in the art.

The reducing agent, according to this invention, is
selected from the group consisting of sodium thioglycolate,
sodium bisulphite, iron salts, glucose and mixtures thereof.

Additionally, according to this invention, the inorganic
salts are selected from the group consisting of NaCl, KCl,
Na,HPO,, NaH,PO,,, KH,PO,, K,HPO,, MgSO,, FeSO,,
MnSO, and mixtures thereof.

Vitamins, according to the present invention, is selected
from the group consisting of biotin, pimelic acid, nicotina-
mide, calcium pantothenate, folic acid, thiamine nitrate,
riboflavin, p-aminobenzoic acid (PABA) and mixtures
thereof.

Non-animal derived peptones evaluated as ingredients for
Clostridium histolyticum culture medium are listed in Table
L.

TABLE 1

Vegetable peptones evaluated as ingredients
for Clostridium histolyticum culture medium as described in
the present invention

Vegetable peptones Supplier
Amysoy ™ Sheffield ™ Bioscience (Kerry, USA)
Springer ® HYP A BioSpringer (France)

HyPep ™ 1510

HyPep ™ 1511

HyPep ™ 4601

HyPep ™ 4605

HyPep ™ 5603

HyPep ™ 7504

Hy-soy ™

N-Z-Soy ™ BL4
N-Z-Soy ™ BL7

Soybean peptone GMO-free,
animal free; CAT No. 312

Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Ketry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Biotecnica Internacional (Mexico)

Non-animal derived peptones can also be obtained from
other suppliers, such as: Soy Peptone® (Gibeo), Bac-Soy-
tone® (Difco), SESOM® (DMV), Soy Peptone 312® (Bio-
tecnica International, Mexico), SESOMAF-UF® (DMV),
Stedygro Soy® and Proyield Soy®.

The animal product-free culture medium for Clostridium
histolyticum comprises a non-animal derived peptone that is
a vegetable peptone selected from the group consisting of
soy, cotton, wheat, sunflower, rice, peanuts, fava beans,
peas, potato, corn and mixtures thereof. Preferably, the
vegetable peptone is soy, cotton or wheat peptone, or its
mixtures. Most preferably, the vegetable peptone is soy
peptone.

This application discloses surprisingly that peptones or
other animal derived components are not essential for
Clostridium histolyticum culture, and that the animal prod-
uct-free culture medium of the present invention yields
collagenolytic and gelatinolytic proteases production supe-
rior to that obtained in conventional culture medium (con-
taining animal derived components).

According to the present invention, vegetable peptones
from different suppliers can be used in the Clostridium
histolyticum animal product-free culture medium. Prefer-
ably. the vegetable peptones are hydrolyzed and its produc-
tion process is also animal product-free.
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The vegetable peptone, according to this invention, is
selected from the group consisting of Hy Soy®, Soy-
tone®, Amisoy®, NZ Soy BL4®, NZ Soy BL7®, Hy
Pep 1510®, Hy Pep 1511®, Hy Pep 5603®, Hy Pep
7504®, Stedygro Soy®, SES0M®, Proyield Soy®,
SES0MAF-UF®, Soy peptone 312, Hy Pep 4601 and
mixtures thereof.

Preferably, the vegetable peptone is selected from the
group consisting of Hy Pep 4601®, N7 soy BL4®, HyPep
1511° and Hy Pep 7504®. Most preferably, the vegetable
peptone is NZ soy BLA®.

Besides non-animal or vegetable derived peptones, the
Clostridium histolyticum culture medium described in the
present invention contains yeast extract as a critical ingre-
dient. Commercial suppliers evaluated for this ingredient are
listed in Table 2.

TABLE 2

Yeast extracts evaluated as ingredients for
Clostridium histolyticum culture medium described on
this invention.

Yeast Extract Supplier

Bacto Yeast Extract
HyPep ™ YE
Hy-Yeast ™ 412
Hy-Yeast ™ 413
Hy-Yeast ™ 502
Hy-Yeast ™ 501
Hy-Yeast ™ 503

BD Bioscience (USA)

Sheffield ™ Bioscience (Ketry, USA)
Sheffield ™ Bioscience (Ketry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)
Sheffield ™ Bioscience (Kerry, USA)

Prodex ® 710 SD
Prodex ® NS70SD
Pronal ™ 5001/

BioSpringer (France)
BioSpringer (France)
BioSpringer (France)

0-PW-L
Developmental Yeast
Extract II

“Normal grade”
YEAST EXTRACT
151

Springer ® 0251/
0-PW-L

Yeast Extract 70161
Yeast Extract Y4250
Extrato de levedura
Springer ® 0207/
0-PW-L

Extrate de levedura
5114

Sheffield ™ Bioscience (Ketry, USA)

Biotecnica Internacional (Mexico)
BioSpringer (France)

Fluka (Sigma-Aldrich GmbH)
Sigma-Aldrich GmbH

Labsynth ® (Brazil)

BioSpringer (France)

Vetec Quimica Fina (Brazil)

Preferably, according to the present invention, the yeast
extract is selected from the group consisting of Bacto YE®,
Hy-Pep YE®, Hy-Yeast 412®, Hy-Yeast 413®, Hy-Yeast
502®, Hy-Yeast 501®, Hy-Yeast 503® Prodex 710 SD®,
Prodex NS70SD®, Pronal 5001®, YE 11®, YE 151®, YE
251®, YE 70161®, YE Y4250®, Synth®, YE 207®, YE
5114® and mixtures thereof. Most preferably, the yeast
extract is YE 251®.

Regarding the amino acids, arginine is L-arginine and
cysteine 1s [-cysteine or its pharmaceutically acceptable
salts. Preferably, the pharmaceutically acceptable salts are
cysteine hydrochloride and arginine hydrochloride.

The culture medium of the present invention comprises
non-animal derived peptone at a concentration range from
0.5% to 5% wiv, yeast extract at a concentration range from
0.5% to 5% w/v, cysteine, or its pharmaceutically acceptable
salts, at a concentration range from 0.01% to 0.1% w/v, and
arginine, or its pharmaceutically acceptable salts, at a con-
centration range from 0.1% to 1% w/v.

Preferably, the culture medium comprises non-animal
derived peptone at a concentration range from 1% and 4%
w/v, yeast extract at a concentration range from 1% and 4%
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w/v, cysteine, or its pharmaceutically acceptable salts, at a
concentration range from 0.03% to 0.07% w/v, and arginine,
or its pharmaceutically acceptable salts, at a concentration
range from 0.25% to 0.7% w/v. Most preferably, the non-
animal derived peptone is at a concentration of 3% w/v,
yeast extract is at a concentration of 3% w/v, cysteine, or its
pharmaceutically acceptable salts, is at a concentration of
0.0625% w/v, and arginine, or its pharmaceutically accept-
able salts, 1s at a concentration of 0.375% wi/v.

The culture medium, according to the present invention,
must be sterilized before the C. histolyticum inoculum.
Media sterilization can be performed through methods
known by those skilled in the art, for example, moist heat
autoclaving or filtration. Thus, the culture medium described
in this invention is characterized by being sterile. Preferably,
the animal product-free culture medium of the present
invention is characterized by being liquid.

The culture medium, according to the present invention,
is used in a process for producing a supernatant of
Clostridium histolyticum liquid culture comprising one or
more collagenolytic and gelatinolytic proteases.

C. histolyticum, when cultured in the animal product-free
liquid medium presented herein, secrete such proteases into
the liquid phase. Collagenases are the main protein compo-
nents in the supernatant produced by such C. histolyticum
culture.

In another embodiment, a process for producing a super-
natant of Clostridium histolyticum liquid culture comprising
one or more collagenolytic and gelatinolytic proteases is
provided, which comprises the use of an animal product-free
culture medium according to the present invention. The
process for producing a supernatant of Clostridium histolyti-
cum liquid culture comprising one or more collagenolytic
and gelatinolytic proteases comprising the following steps:

a) providing a sterile animal product-free culture medium;

b) culturing Clostridium histolyticum stock culture in the
culture medium of step (a), under anaerobic conditions
at about 37° C. before reaching the stationary growth
phase in order to obtain an inoculum;

¢) providing a sterile animal product-free culture medium
according to present invention,

d) adding to the culture medium of step (c) a volume of
inoculum from step (b) equal to or lower than 10% of
the final volume of the medium defined in (¢);

e) culturing the C. histolyticum obtained in (d) under
anaerobic conditions at about 37° C. until the stationary
growth phase;

) removing cellular debris and other particulate matter
from the liquid phase of the culture from step (e),
vielding a supernatant comprising one or more collag-
enolytic and gelatinolytic proteases.

Anaerobic conditions, as required in steps (b) and (e) can
be attained through methods well known by those skilled in
the art, including but not limited to the ones described
hereafter. For instance, the anaerobic conditions in steps (b)
and (c), can be maintained through the addition of nitrogen
gas to the culture medium.

The purpose of culture medium referred in step (a) is to
increase cell count from a stock culture, which is stored
under appropriate conditions for maintaining cell viability.
Preferably, the stock culture is maintained at -80° C. in an
animal product-free culture medium containing one or more
cryopreservation agents. In order to achieve C. histolyticum
best growth rates in an animal product-free medium, the
stock medium is also free of animal derived components.

The stock culture is produced from an animal product-free
culture medium comprising vegetable peptones, preferably
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soy peptone or its derivatives, yeast extract, cysteine, as well
as a cryopreservation agent, within a pH range from 6.5 to
8.0. Cryopreservation agents (cryoprotectant) for microor-
ganisms, mainly bacteria, are broadly known by person
skilled in the art and can be selected from the group
consisting of glycerol, sucrose, dimethyl sulfoxide and glu-
cose. The amount of cryoprotectant added to the stock
culture varies depending on the bacterial strain and must be
correctly adjusted prior to preparing the microorganism cell
bank (master cell bank and working cell bank).

The purpose of the growth phase (step (b)) is to increase
the amount of viable microorganisms for collagenolytic and
gelatinolytic proteases production, which occurs in step (e).
Additionally, the growth phase allows the dormant micro-
organisms in the stock culture to grow actively and secrete
collagenolytic and gelatinolytic proteases at step (e). The
sterile and animal product-free culture medium employed in
step (a) comprises water, vegetable based peptone, yeast
extract and cysteine. Specifically, the sterile and animal
product-free culture medium employed in step (a) comprises
water, 0.5% to 5% w/v of vegetable peptone, 0.5% to 5%
w/v of yeast extract, 0.01% to 0.1% w/v of cysteine or its
pharmaceutically acceptable salts and pH ranging from 6.5
to 8.0. Preferably, the culture medium of step (a) comprises
water, 3% w/v of vegetable peptone, 3% w/v of yeast
extract, 0.0625% w/v of cysteine or its pharmaceutically
acceptable salts and pH ranging from 6.5 to 8.0.

As it will be noticed in the Examples 1 and 2, there is no
need of supplementing the animal product-free culture
medium with arginine in order to achieve higher growth rate
than the one observed in standard culture medium (with
animal derived peptone). Therefore, the preferred culture
medium described for step (a) has been defined considering
only the minimal components for bacterial growth. How-
ever, similar results are observed when the medium contains,
not only the described essential components, but also argi-
nine and other additives (inorganic salts, vitamins and
reducing agents).

The arginine amino acid is essential for the surprising
results of the present invention regarding the production of
collagenolytic and gelatinolytic proteases (step (e)). The
production of C. histolyticum proteases is much higher with
animal product-free culture medium comprising arginine
and cysteine than the one obtained with animal product-free
culture medium supplemented only with cysteine or with the
conventional culture medium containing animal derived
components.

Thus, the sterile animal product-free culture medium
employed in step (¢) of the process for producing a super-
natant of Clostridium histolyticum liquid culture comprising
one or more collagenolytic and gelatinolytic proteases com-
prises water, vegetable peptone, yeast extract, cysteine,
arginine and pH ranging from 7.0 to 8.0.

Preferably, the sterile animal product-free culture medium
described in step (c) comprises water, 3% w/v of vegetable
peptone, 3% w/v of yeast extract, 0.0625% w/v of cysteine
or its pharmaceutically acceptable salts, 0.375% w/v of
arginine or its pharmaceutically acceptable salts and pH
ranging from 7.0 to 8.0.

Bacterial growth can be monitored by measuring the
optical density of the culture medium during the process
described above (steps (b) and (e)) using a spectrophotom-
eter (wavelength 600 nm) according to methods well known
by those skilled in the art.

The C. histolyticum culture during step (b) may occur in
one or more steps. Preferably, the step (b) of the process for
producing a supernatant of Clostridium histolyticum liquid
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culture comprises at least the following steps: 1) culturing a
stock culture in the culture medium from step (a) in a ratio
of 0.1:1 v/v for about 16 hours in order to obtain a pre-
inoculum; 2) adding to the pre-inoculum obtained in step 1
an amount of culture medium from step (a) equal to or
higher than the double of the culture medium volume from
step (1) and maintaining the culture for about 12 hours in
order to obtain an inoculum.

It is essential that the growth during step (b) does not lead
to cell lysis before its inoculation into the culture medium in
step (c), guaranteeing the cell viability of the inoculum.

The process for producing a supernatant of Clostridium
histolyticum liquid culture can comprised only steps from (c)
to (f), culturing the C. histolyticum stock culture directly in
the culture medium described in step (¢), without producing
an inoculum.

Preferably, the process for producing a supernatant of
Clostridium histolyticum liquid culture comprises, during
step (), the addition of one or more agents to pH adjustment
in sufficient amount to maintain the culture medium pH from
6.5 t0 8.0.

In the present invention, during step (f) of the process for
obtaining C. histolyticum collagenolytic enzymes, the sepa-
ration of cellular debris or other particulate matter from the
liquid phase of the culture can be performed through dif-
ferent techniques of filtration, centrifugation or chromato-
graphic purification known on the state of the art and not
limited to tangential filtration, centrifugation, chromatogra-
phy gel filtration, among others.

Thus, the step (f) of the process for producing a super-
natant of Clostridium histolyticum liquid culture is carried
out through filtration, centrifugation, or both.

In addition, the process for producing a supernatant of
Clostridium histolyticum liquid culture comprises one or
more additional steps for the purification of one or more
collagenolytic and gelatinolytic proteases from the superna-
tant obtained in step (f). Purification can be performed
through various methods of filtration, chromatographic puri-
fication or saline precipitation, not limited to ammonium
sulfate precipitation, tangential filtration, ion-exchange
chromatography, affinity chromatography, gel filtration
chromatography, among others, individually or combined.

According to the present invention, the supernatant of C.
histolyticum liquid culture is a complex mixture including,
not only collagenolytic and gelatinolytic proteases, mainly
collagenases, but also other proteins, bacterial metabolites,
culture medium components, among other substances.

Thus, an additional aspect of the present invention refers
to a supernatant of Clostridium histolyticum liquid culture
comprising one or more collagenolytic and gelatinolytic
proteases, which is produced by the process described
above.

The supernatant, according to this invention, can be
directly purified in order to obtain one or more collag-
enolytic and gelatinolytic proteases.

Particularly, the supernatant, according to the present
invention, comprises, after purification, from 20 to 90% of
collagenases.

Alternatively, the supernatant can be stored on a frozen or
lyophilized form, without lost its collagenolytic and gelati-
nolytic activity.

In another embodiment, the use of a supernatant of
Clostridium histolyticum liquid culture obtained through the
process described in the present invention is for the manu-
facture of a medicament for treatment of diseases benefiting
from collagenolytic and gelatinolytic activity of proteases.
Particularly, the invention describes the use of a supernatant
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of C. histolyticum liquid culture for the manufacture of a
medicament for treatment of collagen-mediated diseases or
pathological conditions of a human body associated with
erratic accuniulation of fibrous tissue rich in collagen. In
addition, the invention describes the use of a supernatant of
C. histolyticum liquid culture for the manufacture of a
medicament for treatment of necrotic tissue and/or healing
processes. Burns and skin lesions of diverse nature are
examples of situations where necrotic tissue treatment is
necessary.

Besides the use of a supernatant of C. histolyticum liquid
culture is for the manufacture of a medicament for enzy-
matic debridement. This invention also discloses a pharma-
ceutical composition comprising as active ingredient a
supernatant of Clostridium histolyticum liquid culture
obtained from the process described herein and pharmaceu-
tically acceptable excipients. The pharmaceutical composi-
tion can include one or more pharmaceutically acceptable
excipients, buffers, carriers, stabilizers, preservatives and
thickeners. The pharmaceutical composition, according to
the invention, is for administration in animal or human for
therapeutic or cosmetic use.

According to this invention, the pharmaceutical compo-
sitions comprising as active ingredient a supernatant of
Clostridium histolyticum liquid culture can be administered
through oral, sublingual, nasal, intravenous, intramuscular,
intraperitoneal, intrarticular, subcutaneous, dermal, trans-
dermal, among others. Preferably, the pharmaceutical com-
position, according to the present invention, is formulated
for subcutaneous, dermal and transdermal administration.

Most preferably, the pharmaceutical composition, accord-
ing to the present invention, is for topical use and comprises
from 0.2 U to 1.8 U of collagenase per gram of composition
(quantified through ninhydrin colorimetric method).

The carriers or pharmaceutically acceptable excipients are
selected according to the final pharmaceutical form, which
could be capsules, tablets, oral solutions, solutions for nasal
administration, injectable solution for intramuscular, intra-
venous, cutaneous or subcutaneous administration or solu-
tions, ointments or creams for topical use, among others.
Thus, the pharmaceutical compositions of this invention
comprise as active ingredient a supernatant of Clostridium
histolyticum liquid culture and pharmaceutically acceptable
excipients or carriers in the form of a cream or ointment
formulation, lyophilized or aqueous solutions. Pharmaceu-
tically acceptable excipients, carriers or stabilizers do not
demonstrate toxicity to the patient at the dosages and
concentrations employed and can include buffers such as
phosphate, citrate, and other organic acids; antioxidants such
as ascorbic acid and methionine; preservatives such as
octadecyldimethylbenzyl ammonium chloride, hexametho-
nium chloride, benzalkonium chloride, benzethonium chlo-
ride, phenol, butyl alcohol, benzyl alcohol, alkyl parabens
such as methyl- and propylparaben, catechol, resorcinol,
cyclohexanol, 3-pentanol, and m-cresol; amino acids, mono-
saccharides, disaccharides, and other carbohydrates such as
glucose, mannose, sucrose, mannitol, or sorbitol; polysac-
charides (such as the polysaccharide hydrophilic Ficoll®);
polymeric excipients such as polyvinylpyrrolidones, dex-
trins, polyethylene glycols; flavoring agents, sweeteners;
anti-static agents; chelating agents such as EDTA or EGTA,;
salts releasing ions like sodium; metal complexes; non-ionic
polysorbates such as “TWEEN 20” and “TWEEN 807;
lipids such as phospholipids, fatty acids and steroids such as
cholesterol. Methods for the preparation of pharmaceutical
compositions are well known to those skilled in the art.
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Such pharmaceutical compositions can be used in the
treatment of diseases benefiting from collagenolytic and
gelatinolytic activity of C. histolyticum proteases, in the
treatment of pathological conditions of the human body
associated with excessive collagen deposition and erratic
accumulation of fibrous tissue rich in collagen, treatment of
necrotic tissue and healing process and treatment of enzy-
matic debridement.

C. histolyticum culture supernatant, as well as collag-
enolytic and gelatinolytic proteases, mainly collagenases,
produced according to the process described in this inven-
tion does not exhibit toxicity, as observed by cytotoxicity
and dermal toxicity studies.

The following examples are provided for a better under-
standing of the present invention, and are not intended to
limit its scope.

Examples 1-4 demonstrate the preparation of animal
product-free culture media, according to the present inven-
tion, and C. histolyticum growth and production of collag-
enolytic and gelatinolytic proteases. Results obtained con-
firm the effectiveness of the animal product-free culture
medium to provide C. histolyticum growth in comparison
with standard culture medium, even without arginine in its
composition (FIGS. 1 and 2). The importance of the yeast
extract in the culture medium can be observed in FIG. 3, and
the preferred pH range for C. histolyticum growth is exem-
plified in FIG. 4. FIGS. 5 and 6 clearly demonstrate that
supplementing the animal product-free medium with vita-
min and inorganic salts yields no improvement in cell
growth or in protein expression. However, the addition of
arginine in the animal product-free culture medium pro-
posed herein is critical for increasing protease expression
(yielding a supernatant with higher collagenolytic and
gelatinolytic activities). as demonstrated in FIGS. 7 and 8.
Evidence of the importance of arginine and cysteine for
producing collagenolytic and gelatinolytic proteases in the
animal product-free culture medium is shown in FIG. 9.

Moreover, the examples cited above clearly portray the
quality of the supernatant obtained by culturing C. histolyti-
cum in the animal product-free medium of the present
invention. The quality of the supernatant is demonstrated by
the prevailing concentration of high molecular weight pro-
teases, which is associated with the C. histolyticum colla-
genases, whose enzymatic activity is also demonstrated.

Example 5 shows the results of bioreactor (3 L) cultures
with the animal product-free culture medium described in
the present invention. FIG. 10 shows the results of a culture
using an animal product-free culture medium without argi-
nine, demonstrating the importance of this amino acid to the
protease production (FIG. 11). FIG. 12 shows a comparative
graph between animal product-free culture media with and
without arginine. The parameters considered in this analysis
were bacterial growth rate and enzyme production.

Example 6 describes a recovery process to the collag-
enolytic and gelatinolytic proteases from the supernatant of
C. histolyticum culture in animal product-free medium
described in the present invention. The supernatant obtained
does not have precipitates, facilitating its manipulation. The
results of the collagenolytic enzymes recovery by precipi-
tation with ammonium sulfate, followed by dialysis and
lyophilization are shown (FIG. 13).

Example 7 presents a pharmaceutical composition for
topical use comprising a supernatant of C. histolyticum
animal product-free liquid culture. The stability of the
compositions is also described, demonstrating the quality of
the product obtained by the described fermentative process
and defining one more advantage of the present invention.
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Example 8 describes repeated dose dermal toxicity (21
days) in rats (male and female), demonstrating the absence
of toxicity of the pharmaceutical compositions prepared
with collagenolytic enzymes obtained through tangential
filtration and lyophilization of the supernatant of C. his-
tolyticum animal product-free liquid culture, according to
the present invention. The absence of toxicity of the phar-
maceutical compositions emphasizes the quality of the enzy-
matic profile of the supernatant of C. kistolyticum animal
product-free liquid cultures, according to the present inven-
tion.

Example 9 shows the results from cultures of two C.
histolyticum strains, ATCC21000 and T248, in a 3 L biore-
actor using animal product-free medium as described in the
present invention. FIG. 14 shows the comparative results,
demonstrating an equivalent production of colagenolytic
and gelatinolytic proteases by both strains.

Example 10 shows the cytotoxicity test of the colag-
enolytic and gelatinolytic proteases obtained from the super-
natant of liquid cultures of the two C. histolyticum strains
(ATCC 21000 and T248) in animal product-free culture
medium.

EXAMPLES

The examples below are merely illustrative, and must be
applied solely for a better understanding the present inven-
tion.

C. histolyticum strains may be obtained from several
sources, including the American Type of Culture Collections
(ATCC). Several Clostridium histolyticum strains have
already been applied with the intent of obtain collagenase;
hence the present invention does not limit itself only to the
strain utilized in the examples below.

The ATCC 21000 [non-mobile mutant of a mobile wild-
type strain, isolated from soil (ATCC 21000™)] Clostridium
histolyticum strain was used in almost all examples pre-
sented herein. The reason for such is due to the fact that this
strain is known for yielding high amounts of good quality
collagenolytic and gelatinolytic enzymes. The culture
medium advised by ATCC for its propagation includes
animal derived peptones, inorganic salts and leaver digest
(culture medium Reinforced Clostridial Medium—RCM—
Oxoid CM149, pH 8.0; anaerobic conditions).

In addition, Examples 9 and 10 show the results of
cultures using animal product-free medium as described
herein for the 1248 Clostridium histolyticum strain, isolated
from a superficial sample of soil (Espirito Santo do Pinhal/
SP, Brazil). The T248 strain was characterized morphologi-
cally (gram positive spore—forming bacillus), biochemi-
cally (facultative anaerobic, which degrades gelatins) and
genetically (tpi gene, ribosomal 16S and 23S), with the
complete sequencing of ColG and ColH genes, exclusive to
C. histolyticum strains encoding collagenase class [ and II.
The strain was also characterized phylogenetically using
16S-23S intergenic region sequences.

Example 1. Process for Producing Standard and
Animal Product-Free Culture Media for
Clostridium histolyticum

The standard or conventional culture medium was pre-
pared using the following ingredients (grams or milligrams
per liter of medium): Proteose peptone n. 3 or casein peptone
(20 g); yeast extract (5 g); glucose (5 g); sodium thiogly-
colate (250 mg), pH 7.0 (adjusted with 5M NaOH).
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The animal product-free culture medium was prepared
using the following ingredients (grams or milligrams per
liter of medium): vegetable derived peptone (10-40 g); yeast
extract (0-30 g); cysteine hydrochloride (625 mg), pH 7.0
(adjusted with SM NaOH).

All components, except glucose which is present only in
the standard medium, were dissolved in water and the pH
was adjusted to 7.0 using SM NaOH. The medium was then
sterilized in autoclave at 121° C. for 20 minutes. A glucose
solution was prepared separately, sterilized by filtration and
then added to the standard medium only at the time of
culture.

Several suppliers and concentrations of vegetable derived
peptones and yeast extract were evaluated in the composi-
tion of the animal product-free culture medium described
above.

Moreover, the influence of different pH’s, range from 6.5
to 8.5, in the animal product-free culture medium (3% w/v
NZ soy BL4, 3% w/v YE251 e 0.0625% wi/v cysteine
hydrochloride) was also investigated.

Example 2. C. histolyticum Growth in Animal
Product-Free Culture Media and Standard Culture
Medium, as Defined in Example 1

Initially, the frozen stock culture of Clostridium histolyti-
cum (100 pl) was suspended in 1 mL of culture media
(standard or animal product-free culture medium, as
described in Example 1, and after, filled with the respective
culture media to reach the 10 mL final volume (culture
denominated as inoculum). Tubes containing the inoculum
were incubated at 37° C., in anaerobiosis, for approximately
16 hours.

After this period, 3 mL of the inoculum were incubated in
250 mL flasks containing 150 mL of the respective C.
histolyticum culture media. The culture was then maintained
at 37° C. for 12-14 hours under anaerobic conditions (N,
addition). All the analyses presented were carried out at the
end of the 12-14 hours interval. Bacterial growth was
determined through analysis of optical density—OD—using
a spectrophotometer with a set wavelength of 600 nm.

FIG. 1 shows the OD (optical density) results for C.
histolyticum (ATCC 21000) growth in animal product-free
culture medium comprising vegetable derived peptone (3%
w/v) and yeast extract (3% w/v) from different suppliers.
The evaluated suppliers display similar results of bacterial
growth. In FIG. 1 it is clearly observed a significant increase
in the OD measured when animal product-free culture
medium was used, indicating higher bacterial growth rate
when compared to the standard medium (with animal
derived peptones; Vetec+Casein). All animal product-free
culture media represented in FIG. 1 contain 625 mg/LL of
cysteine hydrochloride and pH of approximately 7.0.

The growth rate of C. histolyticum when subjected to
animal product-free culture medium with diverse concen-
trations of vegetable peptones (Hy-pep 1511; 1-3% w/v) and
yeast extract (YE 251; 0-3% w/v) is presented in FIG. 2. All
animal product-free culture media represented in FIG. 2
contain 625 mg/L. of cysteine hydrochloride and pH of
approximately 7.0. Some variation in the C. histolyticum
growth rate is observed among these animal product-free
culture media. However, the OD values reached are always
superior to those obtained when culturing C. histolyticum in
a standard medium (with animal derived peptone).

The importance of the yeast extract in the composition of
the animal product-free culture medium is demonstrated in
FIG. 3 (animal product-free culture media comprising 0, 1,
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or 3% of yeast extract). It can be observed that the absence
of yeast extract in the animal product-free culture medium
inhibits the bacterial growth as well as collagenolytic and
gelatinolytic protease production, even with an increase
amount of vegetable peptone (3 and 4% w/v concentrations
of vegetable derived peptone). All animal product-free cul-
ture media represented in FIG. 3 contain 625 mg/lL of
cysteine hydrochloride and pH of approximately 7.0. The
evaluation of collagenolytic and gelatinolytic activity was
carried out as described in Example 4.

FIG. 4 represents the results of bacterial growth obtained
of C. histolyticum in growth medium with pH ranging from
6.5 to 8.5. In the pH range evaluated, only the most basic pH
(pH 8.5) negatively influenced the bacterial growth.

Example 3. Production of Animal Product-Free and
Standard Culture Medium for Producing a
Supernatant of Clostridium histolyticum Comprising
Collagenolytic and Gelatinolytic Proteases

The standard (conventional) culture media were prepared
according to Example 1.

The animal product-free culture medium of the present
invention was prepared using the following ingredients
(grams per liter): vegetable derived peptone (30 g); yeast
extract (30 g); cysteine hydrochloride (0.625 g); arginine
hydrochloride (3.75 g) and pH 7.0 (adjusted with 5M
NaOH).

Experiments to demonstrate the surprising effect of the
animal product-free culture medium for C. histolyticum
described in the present invention were carried out with five
different types of culture media, which comprise the follow-
ing ingredients:

Medium 1: soy peptone (30 g; NZ-Soy BL4®); yeast

extract (30 g; YE 251°); cysteine hydrochloride (0.625
2), pH 7.0 (adjusted with SM NaOH).

Medium 2: soy peptone (30 g; NZ-Soy BL4®); yeast
extract (30 g; YE 251°); cysteine hydrochloride (0.625
2), pH 7.0 (adjusted with SM NaOH) and additional
salts and/or, vitamins and/or amino acids (described in
FIG. 5).

Medium 3: soy peptone (30 g; NZ-Soy BL4®); yeast
extract (30 g; YE 251°); cysteine hydrochloride (0.625
2), pH 7.0 (adjusted with SM NaOH) and additional
amino acids (Groups 1 to 6, described in FIG. 9).

Medium 4: soy peptone (30 g; NZ-Soy BL4®); yeast
extract (30 g; YE 251°); cysteine hydrochloride (0.625
), pH 7.0 (adjusted with SM NaOH) and additionally
glycine and/or arginine.

Medium 5: soy peptone (30 g; NZ-Soy BL4®); yeast

extract (30 g; YE 251°); cysteine hydrochloride (0.625
g); arginine hydrochloride (3.75 g), pH 7.0 (adjusted
with 5M NaOH) and additional inorganic salts and
vitamins (described in FIG. 6).

Different vegetable derived peptones suppliers were
evaluated to C. histolyticum collagenolytic and gelatinolytic
proteases production, showing similar results to NZ-Soy
BL4®. In the same way, different yeast extracts suppliers
showed similar results to those obtained with YE 251° used
in the animal product-free culture media.

The vegetable derived peptones and yeast extracts suit-
able to provide the animal product-free culture medium are
not limited to the ones used in the examples of the present
invention. Vegetable peptones and yeast extracts that dem-
onstrate good solubility in water can be used in the prepa-
ration of the culture medium for C. histolyticum according
to the present invention, since they are animal product-free.
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After solubilizing all components of the animal product-
free culture medium in water, as described above, and
adjusting the pH to 7.0 (SM NaOH), the culture medium was
sterilized in autoclave at 121° C. for 20 minutes.

Example 4. Production of a Supernatant of
Clostridium Histolyticum Liquid Culture
Comprising One or More Collagenolytic and
Gelatinolytic Proteases in the Animal Product-Free
Culture Medium Defined in Example 3 and
Standard Culture Medium Defined in Example 1

C. histolyticum culture in an animal product-free culture
medium was carried out as described in Example 2. The
culture media evaluated are described in Example 3 (media
1 t05).

After 12-14 hours of C. histolyticum culture in the animal
product-free culture media described in Example 3, the
bacteria cells were centrifuged and the collagenolytic and
gelatinolytic activity of the proteases from the culture super-
natant was quantified. Eight milliliters (8 mL) of the bacte-
rial cultures were centrifuged at 500 rpm for 30 minutes at
4° C. for the removal of insoluble material (cells, cell debris,
precipitate, among others).

The protein profile of the supernatant was evaluated by
SDS PAGE 7.5% gel electrophoresis (7.5%) under non-
reducing conditions (silver stained). The enzymatic activity
profile (non-specific) was evaluated through SDS-PAGE gel
electrophoresis comprising 10% of gelatin and stained with
Coomassie blue (zymography). Both methodologies are
broadly known by those skilled in the art.

The collagenolytic and gelatinolytic activity of the super-
natants was quantified through EnzChek® Gelatinase/Col-
lagenase Assay Kit (Molecular Probes, Invitrogen). Assays
were carried out in microplates according to manufacturer
instructions, using gelatin and/or collagen fluorescein con-
jugated as substrate. Fluorescence determinations were
made using a fluorescence reader. Briefly, 100 ul of the
centrifuged culture supernatant were mixed to the substrate
diluted in the incubation buffer prepared according to the
manufacturer instructions. Samples were incubated at 37° C.
for 15 minutes and the fluorescence was determined at 515
nm wavelength using a fluorescence microplate reader. As a
negative control, a sterile culture medium was used. As a
positive control, it was used a Collagenase reagent provided
with the kit and prepared according to manufacturer instruc-
tions.

Bacterial growth was determined by optical density—
OD—using a spectrophotometer at 600 nm wavelength.

Initially, the animal product-free culture medium (me-
dium 2; comprising vegetable peptone, yeast extract and
cysteine) supplemented with vitamins, inorganic salts and
amino acids was evaluated. This experiment demonstrated a
small influence of these additives in cell growth as well as
collagenolytic and gelatinolytic protease production by
Clostridium histolyticum liquid culture (FIG. 5). Medium 1
was used as a control for this assay.

The addition of vitamins, inorganic salts and amino acids
1o the animal product-free culture medium described as
medium 5 (comprising vegetable peptone, cysteine and
arginine) also resulted in a small variation of the biomass
(OD) and collagenolytic and gelatinolytic activity of the
culture supernatant (FI1G. 6), confirming that such vitamin
and salt supplementation is optional to the culture medium
of the present invention.

Qualitative variations (different suppliers) of the veg-
etable derived peptone and yeast extract components were
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also evaluated (Medium 1 comprising vegetable peptone,
yeast extract and cysteine) regarding the collagenolytic and
gelatinolytic supernatant production of a C. histolyticum
culture. FIG. 7 shows that the results of collagenolytic and
gelatinolytic activities obtained for these cultures are of the
same magnitude as the results obtained for the C. kistolyti-
cum culture in standard medium (with animal peptone).
Thus, there is a need of an additional ingredient to the
culture medium in order to obtain increased collagenolytic
and gelatinolytic activity in the supernatant of the C. his-
tolvticum liquid culture, which has been solved by the
present invention culture medium.

Surprisingly, animal product-free C. histolyticum culture
with cysteine and arginine amino acids (culture medium 4)
results in a supernatant with significantly higher collag-
enolytic and gelatinolytic activity than the supernatant
obtained when using animal product-free culture medium
containing only the amino acid cysteine (Medium 1, used as
a control of this assay; FIG. 8). Such effect is due to arginine
since the addition of another amino acid, for instance
glycine, leads to reduction of collagenolytic and gelati-
nolytic activity observed.

FIG. 9 shows results of collagenolytic and gelatinolytic
activity and OD (600 nm) observed in C. histolyticum
culture in medium 3 (animal product-free culture medium
comprising cysteine and amino acid groups). As a control, a
culture using medium 1 was carried out (animal product-free
culture medium containing only the amino acid cysteine). It
can be observed that no amino acid or amino acid combi-
nation added to the culture medium other than cysteine and
arginine was able to increase collagenolytic and gelati-
nolytic activity in the supematant of C. histolyticum liquid
culture (FIG. 8).

Additionally, it can be observed that 14 hours of fermen-
tation are enough to obtain the collagenolytic and gelati-
nolytic enzymes in suitable levels for industrial production.
This is a shorter culture process when compared with the
ones generally applied, an industrial advantage of the pro-
cess described in the present invention.

Example 5. Production of a Supernatant of
Clostridium Histolyticum Liquid Culture
Comprising One or More Collagenolytic and
Gelatinolytic Proteases in Animal Product-Free
Culture Medium—DBioreactor Culture

Initially, the frozen stock culture of Clostridium histolyti-
cum (100 uL) was suspended in 1 mL of animal product-free
culture medium (medium 1, as defined below), and then
filler with the respective culture medium to the final volume
of 10 mL (culture denominated as pre-inoculum). Tubes
containing the pre-inoculums were incubated at 37° C. under
anaerobic conditions for approximately 16 hours. After this
period, 3 mL of the aforesaid pre-inoculum was then incu-
bated in 250 mL flasks containing 150 mL of the respective
C. histolyticum culture medium. This was denominated
inoculum, and it was maintained at 37° C. during 12-14
hours under anaerobic conditions (attained through the addi-
tion of nitrogen gas).

60 mL of the inoculum were transferred to 3 L of C.
histolyticum culture medium in a bioreactor (New Bruns-
wick) and cultured at 37° C. under anaerobic conditions
(nitrogen gas addition). The pH was monitored and con-
trolled during the entire fermentation process being main-
tained in a range of 6.5 and 8.0. Such maintenance was
achieved through the addition of SM NH,OH or 2M H,SO,,.
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The culture was maintained for about 14 hours, period in
which culture has reached its stationary growth phase for at
least 2 hours.

Two culture media were evaluated, and their composition
is as described below (grams per liter):

Medium 1: soy peptone (30 g; NZ-Soy BLA®); yeast

extract (30 g YE 251°); cysteine hydrochloride (0.625
g) and pH 7.0 (adjusted with 5 M NH,OH after
sterilization).

Medium 6: soy peptone (30 g; NZ-Soy BLA®); yeast

extract (30 g YE 251°); cysteine hydrochloride (0.625
g), arginine hydrochloride (3.75 g) and pH 7.0 (ad-
justed with 5 M NH,OH after sterilization).

The process for obtaining a C. histolyticum culture super-
natant with collagenolytic and gelatinolytic activities
according to the present invention is detailed below.

1—Cell bank preparation: a cell bank was prepared using
isolated ATCC 21000 colonies from agar plates (a culture
medium of: soy peptone, yeast extract and agar). Colonies
with apparent higher cell growth were isolated and inocu-
lated in a liquid cell bank medium containing the same
ingredients as the solid medium, with the exception of agar.
In order to preserve the cells during freeze and thaw, thus
maintaining its viability, 10% sterile glycerol was added to
the C. histolyticum liquid culture. This liquid culture was
then fractionated into cryotubes and frozen at -80° C. for
future use, such conditions allows the stock cultures to be
used for at least 1 year without losing cell viability.

2 Growth phase (pre-inoculum and inoculum prepara-
tion): a cell bank aliquot was rapidly thawed at room
temperature; a 100 ul, aliquot was transferred to 1 mL of an
animal product-free culture medium (Medium 1), to which
9 mL of the same medium was added for bacterial growth at
37° C. under anaerobic conditions for about 16 hours
(pre-inoculum). Subsequently, the pre-inoculum was used to
generate the inoculum as described previously.

3—Fermentation phase (production of supernatant of C.
histolyticum liquid culture comprising collagenolytic and
gelatinolytic proteases): 60 mL of the inoculum were trans-
ferred to a bioreactor containing 3 L of animal product-free
culture medium (pH 7.0, Medium 1) and maintained at 37°
C. for about 14 hours under anaerobic conditions (addition
of nitrogen gas). During the culture, the pH was controlled
by the addition of 5M NH,OH when the pH reached values
lower than 6.5, or 2MH,SO,, when the pH reached values
higher than 8.0.

The maximum bacterial growth rate and collagenolytic
and gelatinolytic proteases production occurred after 14
hours of bacterial fermentation (FIG. 10).

The same process was carried out using Medium 6 as
animal product-free culture medium described at step 3.

Bacterial growth was monitored in intervals of 2 hours
through optical density measurements (600 nm) which were
performed using a spectrophotometer.

The protein and enzymatic supernatant profile obtained
from the C. histolyticum cultures described above were
evaluated through SDS PAGE gel electrophoresis (7.5%)
under non-reducing conditions and stained with silver nitrate
(FIG. 11) and non-reducing SDS-PAGE gel comprising 10%
gelatin and stained with Coomassie blue (FIGS. 10 and 11,
zymography).

4—Supernatant of C. histolyticum liquid culture produc-
tion and recovery of collagenolytic and gelatinolytic pro-
teases: In order to obtain the liquid culture supernatant and
recover the collagenolytic and gelatinolytic enzymes, the
procedures described in Example 4 (centrifugation) or
Example (saline precipitation followed by dialysis and
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lyophilization) were performed or tangential flow filtration
(5 KDa pore size) followed by lyophilization as presented
below (Example 7). The collagenolytic and gelatinolytic
activities of the supernatant were monitored through fluo-
rimetric assays according to the detailed description pre-
sented in Example 4 (FIGS. 10 and 11).

The results (OD, enzymatic activity and zymography) of
two fermentative processes carried out in culture Medium 1
(Medium 1) are demonstrated in FIG. 10.

FIG. 11 shows the results (OD, enzymatic activity, SDS-
PAGE gel/silver stained and zymography) of a fermentative
process carried out in Medium 6. It can be observed in FIG.
11, a bacterial growth curve similar to that obtained when
the fermentation took place in a bioreactor using medium 1
(comprising cysteine only, FIG. 10). However and surpris-
ingly, it can also be observed a significantly higher collag-
enolytic and gelatinolytic activity, showing that the addition
of arginine to the animal product-free culture medium influ-
ences the increase of collagenolytic and gelatinolytic
enzymes production in C. histolyticum cultures (activity in
U/mL).

FIG. 12 shows the comparison of collagenolytic and
gelatinolytic activity (mU/mL) and optical density (OD 600
nm) between cultures with Medium 1 (containing only
amino acid cysteine) and with Medium 6 (containing cys-
teine and arginine), clearly showing an average increase of
30% in the collagenolytic and gelatinolytic activity of the
culture supernatant. Additionally, the predominance of high
molecular weight proteins, identified here as being collage-
nases, in the SDS-PAGE gels (silver stained and zymogra-
phy, FIGS. 10 and 11), demonstrate the quality of the
supernatants obtained from the C. histolyticum cultures of
the present invention.

Example 6. Recovery of Collagenolytic and
Gelatinolytic Proteases from a C. histolyticum
Liquid Culture Supernatant in an Animal
Product-Free Culture Medium

The supernatant comprising the collagenolytic and gelati-
nolytic proteases was obtained through C. histolyticum
culture according to Example 5, using Medium 6 (compris-
ing cysteine and arginine) in step 3.

In order to recover the collagenolytic and gelatinolytic
proteases from C. histolyticum liquid culture supernatant,
243.73 g of (NH,),S80,, was added to 500 mL of supernatant,
the mixture was then shaken and stored in a freezer for 2 h
(saline precipitation stage). Subsequently, the mixture was
centrifuged at a speed of 8500 rpm for 30 min at 4° C. The
material, obtained after the saline precipitation and centrifu-
gation, was resuspended in 12.0 mL of 2 mM sodium
phosphate buffer, pH 7.2, and then submitted to dialysis with
2 mM sodium phosphate buffer, pH 7.2. Before freezing and
lyophilization, the samples were submitted to three buffer
exchange. Lyophilization was carried out for at least 18 h.
The lyophilized material was then collected for analysis and
characterization via 7.5% SDS-PAGE gel electrophoresis
under non-reducing conditions and silver staining (FIG. 13).
The excellent quality and high stability of the supernatant
and proteases obtained from C. histolyticum culture accord-
ing to the present invention are demonstrated by the results
from SDS-PAGE analysis, which shows a predominant
presence of high molecular weight proteins (collagenases),
which prevalence is increased after lyophilization (recovery
of 90% of the initial supernatant enzymatic activity).



US 9,725,692 B2

27

Example 7. Pharmaceutical Composition for
Topical Use Comprising C. histolyticum
Collagenases—Stability Assays

The pharmaceutical composition used to exemplify the
present invention was a dermatological ointment compris-
ing:

Quantity’g

28

The specific collagenase activity was determined by enzy-
matic hydrolysis of a synthetic substrate (Carbobenzoxy-
Gly-Pro-Gly-Gly-Pro-Ala), through colorimetric ninhydrin
assay. An enzyme unit is defined as being responsible for the
release of 1 umol of Gly-Pro-Ala from Z-Gly-Pro-Gly-Gly-
Pro-Ala hexapeptide in 1 minute at 37° C.

The pharmaceutical composition was prepared through
the dispersion and homogenization of the lyophilized com-
ponent (equivalent amount of the specific collagenase activ-
ity equal to 0.2 U, 0.6 U and 1.8 U/g of formulation),
obtained according to Example 5 (lyophilized component of
the supernatant obtained through a culture using Medium 6

Ingredient Formulation |~ Formulation 2 Formulation 3 after tangential flow filtration), in the other excipients. The
Collagenase 02U 06U 8 U 101.6 U/g dose is considered a therapeutic dose proper for
Liquid 00188 mL 00188 mL 00188 mL uman use. . . .
vaseline - mineral oil The stability study was carried out with formulation 2
Solid 0.9846 g 0.9846 g 0.9846 g described above, stored in aluminum tubes containing 30 g.
vaseline - MBK The performed tests, specification and observed results are
described in Tables 3 and 4. All tests were performed in
stability chambers.
TABLE 3
Long term stability: 30> C. + 2° C., 75% = 5% UR
(Relative Humidity).
ANALYSIS PERIODS
TEST SPECIFICATION INITIAL 3 months 6 months
ASPECT SOFT OINTMENT FREE FROM  IN ACCORDANCE IN ACCORDANCE IN ACCORDANCE
FOREIGN PARTICLES AND
LUMPS
COLOR WHITE TO LIGHT BROWN IN ACCORDANCE IN ACCORDANCE IN ACCORDANCE
ODOR DISTINCTIVE IN ACCORDANCE IN ACCORDANCE IN ACCORDANCE

COLLAGENASE BETWEEN 90.0-120.0%

106.5% 103.3% 107.4%

CONTENT 0.54-0.72 Uig 0.64 Ulg 0.62 Ulg 0.64 Ulg
TABLE 4
Accelerated stability: 40° C. £ 2° C., 75% * 5% UR
(Relative Humidity).
ANALYSIS PERIODS

TEST SPECIFICATION INITIAL 3 months 6 months
ASPECT SOFT OINTMENT FREE FROM  IN ACCORDANCE IN ACCORDANCE IN ACCORDANCE

FOREIGN PARTICLES AND

LUMPS
COLOR WHITE TO LIGHT BROWN IN ACCORDANCE IN ACCORDANCE IN ACCORDANCE
ODOR DISTINCTIVE IN ACCORDANCE IN ACCORDANCE IN ACCORDANCE

COLLAGENASE BETWEEN 90.0-120.0%

CONTENT 0.54-0.72 Uig

106.5%
0.64 Ulg

104.5% 109%
0.63 Ulg 0.65 Ulg
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Maintenance of the initial product characteristics is
observed in both evaluated conditions, confirming the qual-
ity of the product obtained from the supernatant of
Clostridium histolyticum liquid culture described in the
present invention (Medium 6, comprising cysteine and argi-
nine).

Example 8. Pharmaceutical Composition for
Topical Use Comprising C. histolyticum
Collagenases—Toxicity

The pharmaceutical compositions used to exemplify the
present invention are the same used to perform the stability
assays described above (Example 7).

A repeated dose dermal toxicity test was performed (21
days) on rats scarified skin with the pharmaceutical compo-
sitions according to FExample 7 (active ingredient:
lyophilized with specific Collagenase activity of 0.2 U/g, 0.6
U/g and 1.8 U/g). As a test control, it was used a placebo
composition, prepared according to Example 7, however,
without adding the active ingredient.

The test, based on the OECD 410 Guideline, consisted of
surgically provoking an injury using a 4 mm sterile punch at
the center of the dorsal median line on the first day of
application (dorsal area hair removed by an epilator device).
The topical application of the composition (0.425 g; com-
positions containing 0.2 U/g, 0.6 U/g and 1.8 U/g of colla-
genase) was done once-a-day for 21 days with a spatula, in
an area equivalent to 30-40 cm? inside and around the injury.
This was performed in three groups of Rattus norvegicus
(albine variety, Wistar strain), each group with 10 rats, 5
males and 5 nulliparous and non-pregnant females.

The application site was preserved with gauze and a
non-irritating tape for about 24 hours after the application.

In parallel, a placebo was applied (Collagenase Placebo)
to a control group composed of 10 rats, 5 males and 5
females. Additionally, two satellite groups were formed
(each group contains 10 rats, 5 males and 5 females), one
evaluated with the highest dose (1.8 U/g) of the test com-
position and another with the control composition (Colla-
genase Placebo).

They were also treated for 21 days and monitored for 14
days after the final period of exposure, with the intent of
verifying reversibility, persistence or late effects of exposure
to the test substance.
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The following parameters were daily observed after each

application:

. Changes in hair and skin.

. Changes in the eyes and mucous membranes.

. Changes in breathing and circulation.

. Changes in the Autonomous and Central Nervous System.
. Changes in somatic-motor activity and standard behavior.
. Other changes like trembling, seizure, salivation, diar-
rhea, lethargy, sleepiness and coma.

The weight (Table 5) and water and food intake were
recorded weekly. At the end of the study, blood samples
were collected for hematological analysis (hematocrit,
hemoglobin concentration, erythrocytes count, red blood
cell indexes calculation, total and differential leukocyte,
prothrombin time, activated partial thromboplastin time and
platelets count—Table 6) and biochemical (sodium, potas-
sium, calcium, phosphorus, triglycerides, albumin, creati-
nine, urea, total protein, alanine and aspartate aminotrans-
ferases, cholesterol, and glycemia—Table 7). Later, the
animals were submitted to euthanasia and necropsy (Table
8). Tissue samples were forwarded to histopathological
analysis.

The application of repeated doses (21 days) of the
described pharmaceutical composition, in all evaluated
doses, did not induce death or changes in clinical parameters
such as body weight, food and water intake, hematological,
biochemical and/or anatomopathological parameters. Thus,
the obtained results demonstrated that the dermal application
of the pharmaceutical composition comprising the
lyophilized component (0.2 U, 0.6 U and 1.8 U/g formula-
tion) obtained according to Example 5 (lyophilized compo-
nent obtained from C. histolyticum supernatant after tangen-
tial flow filtration procedure) over a period of 21 days was
well tolerated and did not provoke changes possibly related
to toxicity in Rattus novergicus. It was surprisingly observed
that even with a therapeutic dose three-times higher than that
considered for humans, the composition described in the
present invention does not show signs of toxicity in rats.
Table 5. Body weight (male and female rats). Repeated dose
dermal toxicity test (21 days) on rats of topical compositions
comprising purified and lyophilized supernatant of C. his-
tolyticum culture (ATCC 21000) using an animal product-
free culture medium comprising soy peptone (30 g/L), yeast
extract (30 g/L), cysteine hydrochloride (0.625 g/L) and
arginine hydrochloride (3.75 g/L). Control composition:
only with excipients.

TABLE 5

O\ S L N

Body weight (male and female rats). Repeated dose
dermal toxicity test (21 days) on rats of topical
compositions comprising purified
and lyophilized supernatant of C. histolyticum
culture (ATCC 21000) using an animal product-free culture
medium comprising soy peptone (30 g/L), yeast extract (30
g/L), cysteine hydrochloride (0.625 g/L) and arginine
hydrochloride (3.75 g/L). Control composition: only with
excipients.

Groups - males

0.2 Ulg 0.6 Ulg 1.8 Ulg
WEEKS MEAN SD 1 MEAN SD 1 MEAN SD n
0 20640 2256 5 30212 2692 5 30656 1394 5
1 279.14 1793 5 28268 2846 5 29272 1968 5
2 283.04 1754 S 27710 1517 5 30168 1509 S
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TABLE 5-continued
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Body weight (male and female rats). Repeated dose
dermal toxicity test (21 days) on rats of topical
compositions comprising purified
and lyophilized supernatant of C. histolyticum
culture (ATCC 21000) using an animal product-free culture
medium comprising soy peptone (30 g/L), yeast extract (30
g/L), cysteine hydrochloride (0.625 g/L) and arginine
hydrochloride (3.75 g/L). Control composition: only with

exciplents.
3 28094 1934 5 27342 1843 5 291.20  20.19 5
4
S
Control Satellite-Control 1.8 U/g-Satellite
WEEKS MEAN S.D n MEAN SD n MEAN SD n
0 298.68 14.04 5 284.00 3946 5 311.18  18.05 5
1 279.42 15.00 5 285.16  15.10 5 29258  15.10 5
2 287.22 1990 5 293.60 17.76 5 29592 1475 5
3 27896 1601 5 298.08 1636 5 30094 15877 5
4 328.12 9.95 5 33512 21.56 5
5 324.26 9.24 5 33834 1792 5
Groups - females
0.2 Ulg 0.6 Ulg 18 Ulg
WEEKS MEAN S.D n MEAN SD n MEAN SD. n
0 252.20 21.28 S 221.00 7.89 5 238.86  14.88 5
1 238.02 2138 5 215.14 1593 5 226.60 1031 5
2 247.14 2154 5 21836 1092 5 23610 12,05 5
3 24442 1577 5 212,62 1220 5 24098 1259 5
4
5
Control Satellite-Control 1.8 Ujg-Satellite
WEEKS MEAN S.D n MEAN SD n MEAN SD. n
0 230.56 19.88 5 25272 3244 5 234.16 8.57 5
1 223.60 998 5 22832 11.05 5 22670 9.75 5
2 23572 1504 5 23844 7.6l 5 227.64 8.16 5
3 22542 1391 5 24770 1598 5 24298  11.99 5
4 25832 1235 5 256.58 9.85 5
5 247.16 6.91 5 247.12 771 5

Table 6. Hematological analysis (male and female rats).
Repeated dose dermal toxicity test (21 days) on rats of
topical compositions comprising purified and lyophilized
supernatant of C. histolyticum culture (ATCC 21000) using

an animal product-free culture medium comprising soy
peptone (30 g/L), veast extract (30 g/L), cysteine hydro-
chloride (0.625 g/1.) and arginine hydrochloride (3.75 ¢/L).
Control composition: only with excipients.

TABLE 6

Hematological analysis (male and female rats).

Repeated dose dermal toxicity test
(21 days) on rats of topical compositions comprising purified

and lyophilized supernatant of C. histolyticum
culture (ATCC 21000) using an animal product-free culture medium
comprising soy peptone (30 /1), yeast extract (30 g/L.),
cysteine hydrochloride (0.625 g/L) and arginine hydrochloride
(3.75 g/L). Control composition: only with excipients.

Groups - males

02 Ulg 0.6 Ulg 1.8 Ulg
MEAN $D n  MEAN SD 1 MEAN $D 1
Erythrocyte 9.68 0.50 5 946 0.17 5 9.26 053 5
mm3
Hematoorit 54,20 217 6 53.20 0.84 5 53.00 212 5
%
Hemoglobin 19.06 0.61 5 18.62 037 5 18.62 1.03 6

gdL
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TABLE 6-continued
Hematological analysis (male and female rats).
Repeated dose dermal toxicity test
(21 days) on rats of topical compositions comprising purified
and lyophilized supernatant of C. histolyticum
culture (ATCC 21000) using an animal product-free culture medium
comprising soy peptone (30 g/L), yeast extract (30 g/L),
cysteine hydrochloride (0.625 g/L) and arginine hydrochloride
(3.75 g/L). Control compesition: only with excipients.
MCV L 56.02 .01 5 56.25 150 5 57.31 218 3
MCH Pg 19.71 0.60 5 19.69 0.64 5 20.11 032 6
MCHC mg/dL 35.18 0.69 5 35.00 074 5 35.12 093 5
Leucocyte 6060.00 114586 5 6700.00 1208.30 5 6140.00 133529 5
3
mm
Segmented 2017.00 780.36 5 1910.00 661.28 5 1698.20 65976 6
3
mm
Eosinophil 59.60 3616 5 28.00 38.66 5 43.80 6646 5
mm®
Lymphocyte 3864.00 84249 5 4651.80 711.06 5 4292.80 860.02 3
3
mm
Monocyte 119.40 388 5 125.60 5670 6 105.20 7667 3
IHIH3
Platelets 1164600.0 111428.5 5 1276200.0 174246.1 5 1207800.0 207705.8 5
mm?
PT Seg 8.00 000 5 8.20 045 5 8.60 055 3
PaTT Seg 29.80 .10 5 30.20 0.84 6 30.40 114 3
Control Satellite-Control 1.8 U/g-Satellite
MEAN s.D n MEAN S.D n MEAN S.D n
Erythrocyte 9.32 026 5 9.34 034 5 9.30 020 6
IHIH3
Hematocrit 51.60 152 5 51.40 261 6 52.00 274 5
%
Hemoglobin 17.88 055 5 18.30 0.62 6 18.26 1.04 3
g/dL
MCV L 55.38 139 5 55.03 1.80 5 55.89 200 3
MCH Pg 19.18 026 5 19.60 045 6 19.62 074 3
MCHC mg/dL 34.66 072 5 35.63 070 5 35.12 070 3
Leucocyte 5900.00 1449.14 5 5520.00 88431 6 6360.00 1099.09 3
3
mim
Segmented 1824.20 98649 5 1262.80 408.65 6 1712.40 659.01 3
mm?
Eosinophil 38.00 3699 5 61.80 4848 5 28.40 3912 3
mm?3
Lymphocyte 3946.60 661.89 6 4130.20 73173 5 4593.20 1082.69 6
3
mm
Mcnocyte 91.20 3055 5 77.00 30.67 6 26.00 3660 3
mm?
Platelets 1078000.0 112712.0 5 9834000 91971.73 5 1142600.0 210515.6 3
IHIH3
PTSeg 8.00 0.00 4 8.00 0.00 6 8.60 055 3
PaTT Seg 29.50 0.58 4 28.20 130 6 28.60 114 35
Group - females
0.2 Ulg 0.6 Ulg 1.8 Ulg
MEAN s.D n MEAN S.D n MEAN S.D n
Erythrocyte 8.14 046 5 832 055 5 7.80 042 3
mm?
Hematocrit % 49.00 141 5 49.40 270 5 47.00 122 3
Hemoglobin 17.10 0.66 5 16.80 093 5 16.18 076 3
g/dL
MCV {L 60.28 1.86 3 59.44 232 6 60.39 344 3
MCH Pg 21.04 098 5 20.21 050 6 20.77 093 3
MCHC mg/dL 34.90 094 6 34.02 0.8 5 34.42 128 6
Leucocyte mm? 4860.00 106207 6 4880.00 846.76 5 5020.00 155145 6
Segmented 1364.80 40206 5 1123.00 33224 5 1328.00 43738 5
3
mm
Eosinophil 52.20 4537 5 12.40 2773 6 9.40 21.0 3
mm?
Lymphocyte 3382.00 69301 5 3659.00 646.94 6 3625.80 113461 3
mm?3
Mcnocyte 61.00 3601 5 85.60 3467 5 56.80 1322 3
mm?®
Platelets mm?> 1132400 222246.0 5 1114600.0 91876.55 5 1011000.0 148403.2 5
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TABLE 6-continued
Hematological analysis (male and female rats).
Repeated dose dermal toxicity test
(21 days) on rats of topical compositions comprising purified
and lyophilized supernatant of C. histolyticum
culture (ATCC 21000) using an animal product-free culture medium
comprising soy peptone (30 g/L), yeast extract (30 g/L),
cysteine hydrochloride (0.625 g/L) and arginine hydrochloride
(3.75 g/L). Control compesition: only with excipients.
PTSeg 8.40 089 5 8.00 0.00 3 8.40 089 §
PaTT Seg 30.60 .14 6 30.00 0.71 5 30.00 0.71 6
Control Satellite-Control 1.8 U/g-Satellite

MEAN S.D n MEAN S.D n MEAN S.D n

Erythrocyte 8.36 061 5 8.76 0.41 5 8.60 042 6
mm®

Hematocrit % 48.20 148 5 50.40 2.07 49.00 071 5

Hemoglobin 17.04 044 5 17.82 1.07 6 17.62 050 §
g/dL

MCV L 57.82 312 5 57.55 096 6 57.10 321§

MCH Pg 20.45 131 6 2033 043 5 20.54 135 6

MCHC mg/dL 35.36 071 5 35.34 1.04 5 35.96 085 5

Leucocyte mm? 5180.0 137732 5 4440.00 107842 6 5280.00 1637.68 5

Segmented 1386.0 45085 5 815.60 439.77 6 995.60 41546 5
3
mm

Eosinophil 27.60 2614 5 65.20 6748 6 43.00 2901 5
mm?

Lymphocyte 3661.6 99695 5 3497.20 783.17 6 4127.20 145248 5
mm

Menocyte 104.8 9546 5 62.00 4432 5 114.20 7151 6
IHIH3

Platelets mm® 1050600 200655.9 5 10020000 86743.88 5 1028400.0 3308021 5

PT Seg 8.20 045 5 8.20 08 6 8.40 055 §

PaTT Seg 30.00 000 5 28.60 056 6 29.00 1.00 3

Table 7. Biochemical analysis (male and female rats).

an animal product-free culture medium comprising soy

Repeated dose dermal toxicity test (21 days) on rats of 35 peptone (30 g/L), veast extract (30 g/L), cysteine hydro-

topical compositions comprising purified and lyophilized
supernatant of C. histolyticum culture (ATCC 21000) using

chloride (0.625 g/1.) and arginine hydrochloride (3.75 g/L).
Control composition: only with excipients.

TABLE 7

Biochemcial analysis (male and female rats).
Repeated dose dermal toxicity test
(21 days) on rats of topical composition comprising purified
and lyophilized supernatant of C. histolysticum
culture (ATCC 21000) using an animal product-free culture medium
comprising soy peptone (30 g/L), yeast extract (30 g/L),
cysteine hydrochloride (0.625 g/1.) and arginine hydrochloride
(3.75 g/L). Centrol composition: only with excipients.

Groups - males
0.2 Ug 0.6 Ug 1.8 Ulg

MEAN SD. n MEAN S.D. n MEAN S.D. n
Albumin g/dl 458 013 5 446 016 6 460 025 5
AITUIL 6786 8.03 5 5892 505 5 62.00 88 5
ASTU L 143.66 1439 5 13038 1878 6 138.00 22.03 5
Calcium mg/dl 1046 054 S 1034 046 5 10.68 049 5
Total Cholesterol 5716 256 5 6474 964 5 5674 461 5
mg/dl
Creatinine mg/dl 036 005 5 032 0.08 5 036 005 5
Phosphorus mg/dl 784 065 5 744 054 6 830 080 5
Glucose mg/dl 96.00 943 5 9760 1210 5 93.60 11.28 5
Potassium mEq/L 620 0.66 5 524 049 5 588 0.63 5
Total Proteins 580 019 5 574 023 6 590 019 5
g/dl
Sodium mEg/L 14140 336 5 14260 0.8 6 14120 335 5
Triglycerides 39.04 566 5 3586 634 5 3478 636 5
mg/dl
Urea mg/dl 5762 841 S 60.16 749 5 5856 1.78 5
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TABLE 7-continued

Biochemecial analysis (male and female rats).
Repeated dose dermal toxicity test
(21 days) on rats of topical composition comprising purified
and lyophilized supernatant of C. histolysticum
culture (ATCC 21000) using an animal product-free culture medium
comprising soy peptone (30 g/L), yeast extract (30 g/L),
cysteine hydrochloride (0.625 g/L) and arginine hydrochloride
(3.75 g/L). Control composition: only with excipients.

Control Satellite-Control 1.8 U/g-Satellite

MEAN SD. n MEAN SD. n MEAN SD. n

Albumin g/dl 446 013 5 470 016 5 472 022 5
AITU L 63.80 1636 5 5336 938 5 34.14 1351 5
ASTUIL 15512 1816 5 11500 1616 5 11218 3071 5
Calcium mg/dl 1038 029 5 1070 057 5 1068 025 5
Total Cholesterol ~ 61.72  7.43 5 5952 640 5 69.50 1449 5
mg/dl
Creatinine mg/d! 038 004 5 042 004 5 036 005 5
Phosphorus mg/dl 822 072 5 754 077 6 788 0.69 5
Glucose mg/dl 8820 829 5 10680 2424 5 10420 7.89 5
Potassium mEg/L  7.00 114 5 612 029 5 632 032 5
Total Proteins 566 030 5 630 016 6 642 033 5
g/dl
Sodum mEg/L.  168.00 2740 5 14260 114 6 14160 182 5
Triglycerides 4330 758 5 57.66 9.8 6 6749 4641 5
mg/dl
Urea mg/dl 6086 229 5 5658 625 6 5620 426 5
Groups - females
0.2 Ulg 0.6 Ulg 1.8 Ulg
MEAN S8D. n MEAN SD. n MEAN SD. n
Albumin gidl 470 017 5 444 017 5 464 011 5
ALTU L 6646 15.07 5 69.38 1448 5 6156 822 5
ASTU UL 160.92 17.67 5 18406 5029 5 15872 2690 5
Calcium mgydl 108 071 5 1032 048 5 1062 035 5
Total Cholesterol ~ 53.68 11.37 5 4774 88 5 4832 844 5
mg/dl
Creatinine mg/d! 038 008 5 042 008 5 030 007 5
Phosphorus mg/dl 7.66 128 5 824 L7 5 806 185 5
Glucose mg/dl 90.80 1238 5 93.60 12.05 5 9520 20.03 5
Potassium mEg/L  6.04 087 5 608 126 5 720 207 5
Total Proteins 602 019 5 590 007 5 596 013 5
g/dl
Sodium mEq/L. 16440 25.62 5 14220 130 5 16640 29.07 5
Triglycerides 3934 738 5 3308 88 5 4484 1332 5
mgdl
Urea mg/dl 5742 385 5 6354 795 5 5702 1279 5
Control Sarellite-Control 1.8 U/g-Satellite
MEAN SD. n MEAN SD. n MEAN SD. n
Albumin gidl 454 015 5 504 029 5 484 018 5
ALTU UL 4904 9.68 5 3738 590 5 4188 1563 5
ASTU UL 173.02 2878 5 9782 916 5 12484 1731 5
Calcium mgydl 1033 034 S 1064 026 S 1064 021 5
Total Cholesterol ~ 39.74  3.50 5 4370 1402 5 3615 724 5
mg/dl
Creatinine mg/dl 036 005 5 044 009 5 042 004 5
Phosphorus mg/dl 770 084 5 6.06 030 35 7.16 048 5
Glucose mg/dl 89.80 1329 5 11040 1346 5 10040 1550 5
Potassium mEq/L. 592 033 5 5.60 035 5 618 046 5
Total Proteins 576 030 5 674 013 5 654 023 5
g/dL
Sodum mEg/L 14120 444 5 14260 114 5 14260 089 5
Triglycerides 3314 426 5 4676 1139 5 4554 470 5
mg/dl
Urea mg/dl 5674 394 5 5290 448 5 5426 490 5
Table 8. Organs weight data (male and female rats). an animal product-free culture medium comprising soy

Repeated dose dermal toxicity test (21 days) on rats of .5 peptone (30 g/L), veast extract (30 g/L), cysteine hydro-
topical compositions comprising purified and lyophilized chloride (0.625 g/L) and arginine hydrochloride (3.75 g/L).
supernatant of C. histolyticum culture (ATCC 21000) using ~ Control composition: only with excipients.



US 9,725,692 B2

39
TABLE 8

Organs weight data (male and female rats).
Repeated dose dermal toxicity test
(21 days) on rats of topical composition comprising purified
and lyophilized supernatant of C. histolysticum
culture (ATCC 21000) using an animal product-free culture medium

comprising soy peptone (30 g/L), yeast extract (30 g/L),
cysteine hydrochloride (0.625 g/L) and arginine hydrochloride
(3.75 g/L). Control composition: only with excipients.

Groups - males

02 Ulg 0.6 Ulg 1.8 Ulg
MEAN S.D. n  MEAN S.D. n  MEAN S.D.
Liver 9.4932 0.7372 5 9.2295 0.7889 5 9.7103 0.9560
Absolute (g)
Liver 0.0338 0.0022 5 0.0338 0.0023 5 0.0333 0.0010
Relative
Kidneys 2.4209 0.0849 5 2.2266 0.1520 5 2.4551 0.2097
Absolute (g)
Kidneys 0.0086 0.0005 5 0.0082 0.0004 5 0.0084 0.0003
Relative
Adrenal 0.1014 0.0078 5 0.0968 0.0144 5 0.1026 0.0108
Absolute (g)
Adrenal 0.0004 0.0000 5 0.0004 0.0001 5 0.0004 0.0000
Relative
Testicles 3.5685 02740 5 3.1856 03267 5 3.4118 0.0909
Absolute.
Testicles 0.0127 0.0010 5 0.0116 0.0005 5 0.0118 0.0007
Relative
Test- 280.94 19.34 5 27342 1843 5 291.20 20.19
Systems (g)
Control Satellite-Control 1.8 U/g-Sarellite
MEAN S.D. n  MEAN S.D. n  MEAN S.D.
Liver 9.0665 0.6492 5 10.4859 1.0222 5 11.7093 0.8423
Absolute (g)
Liver 0.0325 0.0013 5 0.0323 0.0024 5 0.0346 0.0010
Relative
Kidneys 2.2151 0.0912 6 2.6912 02611 5 2.6810 0.2522
Absolute (g)
Kidneys 0.0080 0.0004 6 0.0083 0.0006 5 0.0079 0.0009
Relative
Adrenal 0.0919 00124 5 0.1212 0.0120 5 0.1168 0.0085
Absolute (g)
Adrenal 0.0003 0.0000 5 0.0004  0.0000 5 0.0003 0.0000
Relative
Testicles 3.1967 0.1139 5 3.5597 02256 5 3.5676 0.3147
Absolute.
Testicles 0.0115 0.0007 5 0.0110 0.0007 5 0.0106 0.0011
Relative
Test- 278.96 16.01 5 32426 9.24 5 33834 17.92
Systems (g)
Groups - females
02 Ulg 0.6 Ulg 1.8 Ulg
MEAN S.D. n  MEAN S.D. n  MEAN S.D.
Liver 8.5915 04047 5 7.3860 0.8336 5 9.0608 0.1947
Absolute (g)
Liver 0.0352 0.0017 5 0.0347 0.0028 5 0.0377 0.0015
Relative
Kidneys 1.9906 0.1441 5 1.7287 0.1963 5 1.9488 0.0750
Absolute (g)
Kidneys 0.0082 0.0009 5 0.0081 0.0007 5 0.0081 0.0003
Relative
Adrenal 0.1230 0.0139 5 0.1155 0.0189 5 0.1180 0.0201
Absolute (g)
Adrenal 0.0005 0.0001 5 0.0005 0.0001 5 0.0005 0.0001
Relative
Test- 244.42 15.77 5 21252 12.20 5 24098 12.59

systems (g)
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TABLE 8-continued
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Organs weight data (male and female rats).
Repeated dose dermal toxicity test

(21 days) on rats of topical composition comprising purified

and lyophilized supernatant of C. histolysticum

culture (ATCC 21000) using an animal product-free culture medium
comprising soy peptone (30 g/L), yeast extract (30 g/L),
cysteine hydrochloride (0.625 g/L) and arginine hydrochloride
(3.75 g/L). Control composition: only with excipients.

Control Satellite-Control 1.8 U/g-Sarellite

MEAN S.D. n  MEAN S.D. n  MEAN S.D. n
Liver 7.4838 03414 6 7.8360 03740 5 7.7555 05574 5
Absolute (g)
Liver 0.0332 0.0007 5 0.0317  0.0010 5 0.0314 0.0018 5
Relative
Kidneys 1.8299 0.0613 5 1.9183  0.1122 5 1.9155 01215 5
Absolute (g)
Kidneys 0.0081 0.0005 6 0.0078  0.0005 5 0.0078  0.0005 5
Relative
Adrenal 0.1008 0.0071 6 0.1257 0.0184 5 0.1211  0.0158 5
Absolute (g)
Adrenal 0.0004 0.0000 6 0.0005 00001 5 0.0005  0.0001 5
Relative
Test- 225.42 13.91 6 247.16 6.91 5 247.12 7.71 5

systems (g)

Example 9. Production of a Supernatant of C.
histolyticum Liquid Culture (ATCC 21000 and
T248 Strains) Comprising Collagenolytic and
Gelatinolytic Proteases in Animal Product-Free
Culture Medium—DBioreactor Culture

The bioreactors cultures and the analytical methods were
carried out as previously described in Example 5, using
Medium 6 (comprising cysteine and arginine) as the culture
medium of step 3.

FIG. 14 shows a comparative analysis of the collag-
enolytic and gelatinolytic activities (mU/mL) and optical
density (OD 600 nm) of Clostridium histolyticum ATCC
21000 and T248 cultures. There is no significant difference
(statistical analysis: Mann Whitney, p<0.05) between the
collagenolytic and gelatinolytic activity of the supernatants
of the culture of both C. histolyticum strains.

Example 10. Cytotoxicity Test of Collagenolytic
and Gelatinolytic Proteases Obtained from
Clostridium histolyticum (ATCC 21000 e T248)
Liquid Culture Supernatant Using an Animal
Product-Free Culture Medium

The collagenolytic and gelatinolytic proteases were
obtained according to Example 6 (lyophilize samples).

The cells used in the cytotoxicity test were a fibroblastic
type, from a lineage established in V79 clone M-8 cultures
from Chinese Hamster (Cricetulus griseus) lung. The fibro-
blasts were maintained in 25 cm? culture flasks (TPP, Techno
Plastic Products AG, Trasadingen, Switzerland) until the
confluence density was achieved. The culture was carried
out in DMEM culture medium supplemented with 10% of
bovine calf serum (Nutricell), 100 UI/mL of penicillin and
100 pg/mL of streptomycin sulfate (Nutricell), in a 37° C.
incubator with humidified atmosphere with 5% CO, (Melo
et al., 2000, 2001).

The cytotoxicity test was performed in 96 well plates
(IWAKI, Asahi Techno Glass, Co., Funabasi, Japan), with
3x10* cells/mL in each well, followed by a 48 hour incu-
bation time at 37° C. The initial cellular viability was
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verified through a Trypan Blue exclusion test. After the
incubation of hours the medium was replaced by a supple-
mented DMEM medium with different concentrations (up to
1 mg/mL) of the lyophilized samples described below:

Sample Origin Strains

1 acquired from third-parties —

2 acquired from third-parties —

3 Obtained according to the ATCC 21000
present invention (Example 6)

4 Obtained according to the ATCC 21000
present invention (Example 6)

5 Obtained according to the T248

present invention (Example 6)

After 24 hours of treatment, the cultures were processed
according to specific test protocols in order to determine
acid nucleic content, neutral red incorporation (NR) and
MTT reduction (MTT).

The collagenolytic and gelatinolytic proteases obtained
from C. histolyticum cultures according to the present inven-
tion did not demonstrate cytotoxicity, as observed in the
results presented in Table 9.

TABLE 9

Cytotoxicity test results of collagenolytic and
gelatinolytic proteases obtained from C. histolyticum
cultures supernatants - ATCC 21000 e T248 - produced according
to the present invention and from the raw material
acquired from third parties.

IC50 (mg/ml.) IC50 (U/ml)
Activity nucleic nucleic
Sample  (Ulg) MTT VN acids MTT VN  acids

1 2214.00 0.35 0.35 0.35 0.69 0.9 0.648
2 2090.00  0.33 0.31 031 0.69 0.9 0.648
3 2429.00 * 0.90 0.90 243 243 2186
4 3073.00 * * # 3.07 307 3.073
5 3646.00 0.20 0.20 0.20 073 073 0729
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The invention claimed is:

1. An animal product-free culture medium for Clostridium
histolyticum comprising water, soy peptone at a concentra-
tion range from 1% to 4% w/v, yeast extract at a concen-
tration range from 0.5% to 3% wi/v, cysteine hydrochloride
at a concentration of about 0.0625% w/v, and arginine
hydrochloride at a concentration range from 0.25% to 0.5%
w/v and wherein the medium comprises a Clostridium
histolyticum bacterium.

2. The culture medium according to claim 1, wherein the
soy peptone is at a concentration of 3% w/v, yeast extract is
at a concentration of 3% w/v, cysteine hydrochloride is at a
concentration of 0.0625% w/v and arginine hydrochloride is
at a concentration of 0.375% w/v.

3. The culture medium according to claim 1, further
comprising one or more additives selected from the group
consisting of agent for pH adjustment within the range of 7
to 8, reducing agent, inorganic salts and vitamins.

4. The culture medium according to claim 3, wherein the
reducing agent is selected from the group consisting of
sodium thioglycolate, sodium bisulphite, iron salts, glucose
and mixtures thereof; the inorganic salts are selected from
the group consisting of NaCl, KCl, Na,HPO,, NaH,PO,,
KH,PO,, K,HPO,, MgSO,, FeSO,, MnSO, and mixtures
thereof; and the vitamins are selected from the group con-
sisting of biotin, pimelic acid, nicotinamide, calcium pan-
tothenate, folic acid, thiamine nitrate, riboflavin, 4-amin-
obenzoic acid (PABA) and mixtures thereof.

5. A process for producing a supernatant of Clostridium
histolyticum liquid culture comprising one or more collag-
enolytic and gelatinolytic proteases comprising the follow-
ing steps:

a) providing a sterile animal product-free culture medium;

b) culturing Clostridium histolyticum stock culture in the

culture medium of step (a), under anaerobic conditions
at about 37° C. before reaching the stationary growth
phase in order to obtain an inoculum;

¢) providing a sterile animal product-free culture medium

comprising water, soy peptone at a concentration range
from 1% to 4% w/v, yeast extract at a concentration
range from 0.5% to 3% w/v, cysteine hydrochloride at
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a concentration of about 0.0625% w/v, and arginine
hydrochloride at a concentration range from 0.25% to
0.5% wiv;

d) adding to the culture medium of step (c) a volume of
inoculum from step (b) equal to or lower than 10% of
the final volume of the medium defined in (c);

e) culturing the C. histolyticum obtained in (d) under
anaerobic conditions at about 37° C. until the stationary
growth phase;

) removing cellular debris and other particulate matter
from the liquid phase of the culture from step (e),
yielding a supernatant comprising one or more collag-
enolytic and gelatinolytic proteases.

6. The process according to claim 5, wherein the step (b)
comprises at least the following steps: 1) culturing a stock
culture in the culture medium from step (a) in a ratio 0 0.1:1
v/v for about 16 hours in order to obtain a pre-inoculum; 2)
adding to the pre-inoculum obtained in step 1 an amount of
culture medium from step (a) equal to or higher than the
double of the culture medium volume from step (1) and
maintaining the culture for about 12 hours in order to obtain
an inoculum.

7. The process according to claim 5, wherein the C.
histolyticum culture during the step (e) comprises the addi-
tion of one or more agents to pH adjustment in sufficient
amount to maintain the culture medium pH from 6.5 to 8.0
and wherein the step (f) is carried out through filtration,
centrifugation or both.

8. The process according to claim 5, comprising one or
more additional steps for the purification of one or more
collagenolytic and gelatinolytic proteases from the superna-
tant obtained in step (f).

9. The process according to claim 5, wherein the culture
medium provided in step (a) comprises water, 3% w/v of soy
peptone, 3% w/v of yeast extract, 0.0625% w/v of cysteine
hydrochloride, and pH ranging from 6.5 to 8.0.

10. The process according to claim 5, wherein the animal
product-free culture medium employed in step (c) comprises
water, 3% w/v of soy peptone, 3% w/v of yeast extract,
0.0625% w/v of cysteine hydrochloride, 0.375% w/v of
arginine hydrochloride, and pH ranging from 7.0 to 8.0.

* ok %k k%
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Description

Field of application

[0001] The present invention is related to the field of microbiology and biotechnology. Particularly, this invention is
related to a culture medium for bacteria of the genus Clostridium, animal product-free, and a process for producing
supernatant comprising one or more protease with collagenolytic and gelatinolytic activity.

Background of the Invention

[0002] Collagenase (clostridiopeptidase A, EC 3.4.24.3) is a proteolytic enzyme capable of hydrolyzing collagen pro-
teins, both in their native and denatured (gelatins) form. No other enzyme is capable of cleaving native collagen, due to
its distinct amino acid composition (presence of a numerous amount of imino acids, represented by tripeptide Gly-Pro-
X, where X is, frequently, proline or hydroxyproline), and its single macrostructure (complex triple-helix structure).
[0003] Collagenase, isolated or as the main component of compositions comprising other proteolytic enzymes, has
been widely used since the 70’s in the treatment of several diseases and pathological conditions. All diseases and
conditions in which collagenase is administered are associated with the excessive deposit of collagen and the erratic
accumulation of fibrous tissue rich in collagen. Such diseases and conditions are denominated collagen-mediated dis-
eases, and the local application of compositions containing collagenase is one of the possible treatments serving as an
alternative for surgical intervention. The use of compositions containing collagenase for the treatment of necrotic tissue
debridement (burns, skin lesions, etc.) has also been approved by regulatory agencies, in which such administration
has shown surprising results on improving scarification processes.

[0004] Some therapeutic applications of compositions containing collagenase are: burn treatment, with a concomitant
beneficial effect over tissue regeneration; enzymatic debridement of wounds; infected wounds and ulcer treatment (of
skins and decubitus ulcers); intervertebral disc hernia treatment; selective lysis of collagen fibers of the eye’s vitreous
body; Dupuytren’s disease treatment; Peyronie’s disease treatment; adhesive capsulitis treatment; lateral epicondylitis
treatment, Carpal Tunnel Syndrome and plantar fasciitis; increase of regeneration of damaged nerves; also being widely
used in medical specialties such as plastic surgery and in several dermatological and aesthetic procedures, for example,
in the treatment of cellulites and mammal scars, such as acne, keloid and other hypertrophic scars through intralesional
injection of purified collagenase.

[0005] Other studies have shown the use of compositions containing collagenase in rheumatoid arthritis, metastasis,
angiogenesis and cirrhosis.

[0006] Collagenases have also been described as important tools in specific organ transplantation i.e. isolating of
pancreatic islets of Langerhans, microvascular endothelial cells, hepatocytes and chondrocytes (W09824889). Tissue
dissociation mediated by collagenolytic enzyme is a critical step in several cell isolation procedures.

[0007] The collagenases used in the majority of the therapeutic applications described above are extracted from the
supernatant culture, purified or not, of bacterial cultures, most specifically of Clostridium histolyticum cultures. Clostridium
histolyticum is an anaerobic, gram-positive and spore-forming cylindrical bacterium. The collagenolytic activity of the
extracellular enzymes of such bacteria has been known for over 50 years, when it was isolated for the first time an
extracellular enzyme capable of digesting cattle Achilles tendons.

[0008] Currently, itis of common knowledge that several microorganism species when cultured in specified conditions
are capable of producing collagenase. However, Clostridium sp, most specifically Clostridium histolyticum, is still the
main source of collagenolytic and gelatinolytic enzymes for therapeutic application due toits higher enzymatic productivity
and activity against several collagen forms and its peptides.

[0009] Other collagenase sources for therapeutic use include mammal cells, crustaceans (crabs, shrimp), fungi and
other bacteria (Streptomyces, Pseudomonas and Vibrio).

[0010] The ability of Clostridium collagenases to digest several kinds of collagen (type I, Il, lll, VIl and X) and gelatin
is the major factor that differentiates these proteases from other collagenase sources. Aforesaid clostridial enzymes not
only present higher collagenolytic activity when compared to vertebrate collagenases but it also presents an optimum
pH for its activity within human physiological pH range.

[0011] Studies from late 1950s to mid-1980s showed the existence of several types of collagenases produced by C.
histolyticum and the specificity and stability of these fractions were gradually characterized. Bond and Van Wart (1984;
Biochemistry, 23: 3077-3085) isolated six different enzymes from commercial collagenase preparations with molecular
weights varying of 68 kDa to 130 kDa having isoelectric points between pH 5.5 and 6.5; further, classifying them in two
classes according to substrates specificity. Class | - presenting higher activity against high molecular weight collagens
(native collagen: intact); Class Il - demonstrates a preference for low molecular weight collagen fragments (denatured
collagen: gelatins). These activities seem to be complementary, and there is evidence of its synergistic action on native
collagen.
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[0012] In addition to the several class | and Il collagenase isoforms, traditional preparations of collagenase, based on
the supernatant of Clostridium histolyticum cultures, contain over 30 different enzymes. The primary constituent of the
culture supernatant are the collagenases (classes | and Il), however, other important proteases are also present, some
such are: neutral proteases i.e.: gelatinases, clostripains (clostridiopeptidase B, EC 3.4.22.8), trypsins, elastases and
aminopeptidases. Non-proteolytic enzymes including: galactosidase, acetylglucosaminidase, fucosidase, phospholi-
pase, neuraminidase (or sialidase) and hyaluronidase can also be found. Of the aforementioned proteolytic and non-
proteolytic enzymes, sialidase, hyaluronidase and collagenase are deeply involved in the degradation process of extra-
cellular matrix components. The presence of this "enzymatic combination" is required to obtain compositions suitable
to be used as enzymatic debridement agent for skin lesion and organ transplant (i.e. isolation of pancreatic islets).
[0013] Furthermore, either purified or recombinant collagenase alone is inefficient in tissue dissociation due to incom-
plete hydrolysis of all collagen polypeptides and to its limited activity when in high concentrations of non-collagen proteins
and other macromolecules found in the extracellular matrix. For such reason, the most used collagenase composition
for tissue dissociation and debridement is a crude or partially purified preparation (obtained by few purification steps).
Since the presence of enzymes which act on native collagen and reticular fibers in addition to enzymes responsible for
the hydrolysis of other proteins, polysaccharides and lipids in the extracellular matrix of connective and epithelial tissue
are required. Although such preparation does not require complex purification steps, the difficulty lies in the production
process, due to the different expression patterns of the proteolytic enzymes required in the final composition.

[0014] On the other hand, the use of compositions of collagenase for the treatment of collagen-mediated diseases
require high purity of the preparations, due to the need of a specific action on digestion of collagen; such treatments are
administered through local injections. In these cases, the processes of purification of the supernatant of C. histolyticum
cultures are very long, including numerous steps with different strategies of purification.

[0015] In general, the collagenase composition purity is directly related to the therapeutic application intent. However,
regardless of the therapeutic application, a defined process for culturing Clostridium histolyticum is essential to direct
the production in order to obtain the proteases of interest in the supernatant, purified or not.

[0016] The enzymatic activity and the concentration of proteases in C. histolyticum cultures supernatant vary according
to the bacterial strain, culture medium, culture conditions, culture age, cellular density, among other variables. The
intrinsic variability of this type of biotechnological process implies in exhaustive quality control analysis of the produced
batches, increasing production costs. Moreover, the loss of efficacy of traditional collagenase along time, regardless of
the storage conditions, is strongly related to the enzymatic composition of the supernatant. For such reason, defined
culture conditions which direct the production of the desired enzymes collagenolytic and gelatinolytic enzymes, in special
collagenases are required.

[0017] It is well known that the production of extracellular proteases in microorganisms is strongly influenced by
components of the medium, especially by carbon and nitrogen sources, and physical factors such as, for instance, pH,
temperature, inoculum volume, rate of orbital agitation and incubation time. There is no pre-defined media for specific
proteases, each microorganism has its own physical-chemical and nutritional idiosyncrasies for enzymatic expression
and secretion. Proteins and peptides are the main source of carbon and nitrogen in Clostridium culture, being required
for protein expression as well as growth. Therefore, brain-heart infusion (BHI), tryptose, peptone proteose, meat extract,
casein and gelatin are commonly found in C. histolyticum culture. Not only, inorganic salts, vitamins, glucose, yeast
extract, sodium thioglycolate and ferrous sulphate are also found in different concentrations in such culture media.
[0018] Since the thirties, several authors stated that animal origin peptones are essential for C. histolyticum growth
and enzymatic production.

[0019] Later, in the 1950s, MacLennan et al. (1953; J. Clin. Invest., 32: 1317) evaluated how several carbon and
nitrogen sources (phytones, peptones, collagen and it's derivatives, and glucose), as well as vitamin and inorganic salts
concentration, pH and Fe** influence on C. histolyticum growth and collagenolytic and gelatinolytic enzyme expression
(several strains). The results presented in this study have been considered the "conventional culture medium" for C.
histolyticum collagenase production for several decades. Ferrous salt and animal origin peptone have been defined as
crucial for maximum collagenase yield. Commonly described as examples of animal origin peptones are: bacto-peptone,
peptone proteose, hydrolyzed casein, casein tryptic hydrolysate, among others. Combinations of these components
with vegetable peptones have also been described.

[0020] For example, Bergman et al. (1961; Journal of Bacteriology, 82: 5829) obtained good results culturing C.
histolyticum in a culture medium which contains peptone proteose, casein hydrolysate, tryptic hydrolysates of soybean
and vitamins. It has been demonstrated that, in the absence of inorganic salts, the collagenase productivity is equal to
or greater than the one presented by MacLennan et al. (1953). What occurs, however, is a decrease in the production
of azocaseins, which is an interesting fact, since it facilitates later purification procedures (called PTV culture medium).
[0021] Besides the importance of animal origin peptones for the growth and enzymatic production in cultures of C.
histolyticum, the influence of other components in the culture medium has also been investigated in order to define
metabolic patterns for this species, thus improving culturing conditions.

[0022] Mead (1971; J. Gen. Microbiol., 67: 47) describes the pattern of amino acids intake in several species of the
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genus Clostridium during its growth, classifying them into groups according to their nutritional needs. In the afore men-
tioned study, Clostridium histolyticum is considered capable of fermenting amino acids, and is sub-classified in the so
called Group Il (C. botulinum; C. histolyticum; C. cochlearium; C. subterminale). Even though serine, glutamine, glycine
and valine are the main amino acids used by these species, the addition of theses in culture medium produces no or
little effect on the bacterial growth. However, by substituting partial casein hydrolysate by casamino acids significantly
increases the observed growth rate (culture medium used: vitamins, inorganic salts, tryptophans, cysteine hydrochloride,
casamino acids - 2 g/L or casein hydrolysate - 3% w/v and meat extract). Unfortunately, the author did not analyze the
protease production.

[0023] More frequent than the amino acids intake, glucose intake as energy source for several microorganisms has
been well documented. Particularly, for C. histolyticum the addition of glucose (and other sugars) has been correlated
with a decrease in bacterial growth rate (Mead, 1971). Thus despite being initially classified as saccharolytic species,
due to their ability of metabolizing carbohydrates as energy source, several strains of C. histolyticum inefficiently simple
sugars such as glucose, maltose, among others. Moreover, a decrease in growth rate is even more prominent when
culturing C. histolyticum in media containing glucose and in aerobiotic conditions, suggesting the existence of two
inhibiting factors: sugars and oxygen/air.

[0024] Not only does glucose negatively influence bacterial growth, it has also been reported that glucose containing
medium decreases protease expression in Clostridium cultures (C. difficile, for example). This observation suggests
that there is a relation between toxin expression repression and rapidly consumable carbon sources.

[0025] As discussed previously, bacterial growth rate and protein expression by species within the genus Clostridium
are affected by nutritional requirements as well as the maintenance of an anaerobic environment. C. histolyticum tolerates
few amounts of oxygen, characteristic common in some anaerobes and also other species of the genus, for such reason
it can be considered an aero tolerant microorganism. Therefore, minimal conditions of anaerobiosis must be secured
for culturing C. histolyticum for protease production with high collagenolytic and gelatinolytic activity.

[0026] Additionally, reducing agents are also considered critital in anaerobe liquid culture. Among the most frequently
used agents are: digest of meat, glucose, sodium thioglycolate, cysteine, iron salts, metallic iron or a mixture of both.
[0027] To this date, it remains unknown which components, how they influence and what are their effects on C.
histolyticum growth and protease secretion. However, it is known that, from studies carried out, animal origin ingredients,
in particular peptone, positively influence Clostridium histolyticum growth and protease expression, among them colla-
genases.

[0028] The conventional C. histolyticum culturing processes present several disadvantages, such as: low yield, low
reproducibility and incomplete separation of impurities. Furthermore, one of the major problems such process is the
predominant use of animal origin components in the production of proteases with collagenolytic and gelatinolytic activity
for therapeutic use in humans.

[0029] The presence of animal origin components for obtaining proteases with collagenolytic and gelatinolytic activity
in C. histolyticum culture for therapeutic use in humans offers, undesirably, potential risk of infections and anaphylactic
reactions. A well-known example of disease caused due to interspecific horizontal transmission of pathogens is the
bovine spongiform encephalopathy (prion disease; "Mad Cow disease"). Its transmission from the original host (bovine)
to man was first recorded in 1993, it was caused due to human contact with physiological fluids and by eating infected
animal meat.

[0030] In the last decade, regulatory agencies have been encouraging the pharmaceutical industry to use bacterial
culture media comprising only non-animal derived products. However, care must be taken when considering non-animal
derived compounds since these are often processed using animal derived enzymes (protein and carbohydrates are
digested to generate peptones and sugars which are used in the medium). When animal-free compounds are treated
with animal derived enzymes, even in very small fraction, the final product cannot be classified as animal-free. The
following patents and papers state different animal-free culture mediafor Clostridium culture: WO9854296 (1998, Chiron),
WO0105997 (2000, Massachusetts Institute of Technology), WO2005035749 (2004, Allergan), Busta & Schroder (1971,
Effect of soy proteins on the growth of Clostridium perfringens. Appl. Microbiol, 22(2), 177-183; Demain et al. (2007,
Tetanus toxin production in soy-based medium: nutritional studies and scale-up into small fermentors. Lett. Appl. Micro-
biol., 45(6), 635-638); Fang et al. (2009, Production of Clostridium difficile toxin in a medium totally free of both animal
and dairy proteins or digests. PNAS, vol. 106: 13225-13229).

[0031] It has already been investigated and demonstrated that components obtained from soybean and yeast extracts
can be used to replace animal derived peptones in some species of the genus Clostridium such as C. sporogenes, C.
tetanus, C. botulinicum. Such extracts are capable of sustaining growth rate as well as protease expression and secretion
[0032] In the particular case of cultivating C. histolyticum, especially for proteases with collagenolytic and gelatinolytic
activity production, the state of the art reveals next to nothing about the composition of animal product-free culture media
capable of stimulating the production of these proteases in a way at least equivalent to the traditional media containing
animal origin peptones.

[0033] The culture media described so far for the C. histolyticum presents disadvantages such as: presence of animal
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components, high cost associated with its complex composition, low collagenase expression and long culturing periods
required to obtain a supernatant with collagenolytic and gelatinolytic activity appropriate for industrial production with
therapeutic purposes.

[0034] Attempts for obtaining an animal product-free culture medium that would be appropriate for C. histolyticum
growth and collagenase production are reported below.

[0035] The document WO2007089851 (2007; Auxilium) describes C. histolyticum culture conditions in order to obtain
collagenases. Although it describes the production of collagenases by C. histolyticum in an animal product-free culture
medium, it still emphasizes that in order to produce collagenases with higher reproducibility, a culture medium comprising
peptone protease of animal origin is preferred. Only the animal origin culture medium was capable of producing the
collagenases in adequate proportion to maximize its synergistic activity, resulting in a therapeutic benefit. Other than
peptones (vegetable and/or animal), the culture medium described above may contain amino acids (glutamine, tryptophan
and asparagine), yeast extract, inorganic salts, glucose and vitamins.

[0036] The document US20100086971 (2009; Roche) describes a culture medium for C. histolyticum which includes
plant derived peptone. However, an animal derived additive - fish gelatin - is considered crucial for most of the supernatant
collagenolytic activity in these cultures. It is emphasized that the liquid composition containing only vegetable and fish
gelatin peptones can withstand greater bacterial growth and more collagenolytic activity when compared to the standard
culture medium comprising animal origin peptone.

[0037] Thus, until the present moment, no culture medium completely animal product-free has been capable of sup-
porting an adequate industrial C. histolyticum collagenases production as demonstrated through traditional culture media
containing animal peptones.

[0038] For such reason, there is a clear need for developing animal product-free culture media as well as processes
for C. histolyticum proteases with collagenolytic and gelatinolytic activity production.

[0039] Therefore, the present invention provides a culture medium for bacteria of the genus Clostridium, preferably
C. histolyticum, animal product-free and a process for the production of supernatant comprising one or more proteases
with collagenolytic and gelatinolytic activity adequate for industrial collagenolytic and gelatinolytic enzymes production,
in particular collagenases, for therapeutic purposes.

Summarized Description of the Invention

[0040] The present invention refers to an animal product-free culture medium for bacteria of the genus Clostridium
comprising water, non-animal origin peptone or its derivatives, yeast extract and the amino acids cysteine and arginine,
or pharmaceutically acceptable salts thereof. Preferably, the bacteria belonging to Clostridium histolyticum strain.
[0041] The culture medium of the present invention can additionally comprises one or more additives selected from
the group consisting of agent for adjustment pH in the range between 7 and 8, reducing agent, inorganic salts and vitamins.
[0042] The non-animal origin peptone may be vegetable or yeast peptone. Preferably, the non-animal origin peptone
is a vegetable peptone selected from the group consisting of soybean, cotton, wheat, sunflower, rice, peanut, fava bean,
peas, potato, corn or mixtures thereof. Most preferably, the vegetable peptone is a soybean peptone.

[0043] The culture medium of the present invention is characterized by the fact that the non-animal origin peptone
concentration ranges from 0.5% to 5% w/v; yeast extract concentration ranges from 0.5% to 5% w/v; cysteine concen-
tration, or its pharmaceutically acceptable salts, ranges from 0.01% to 0.1% w/v; and arginine concentration, or its
pharmaceutically acceptable salts, ranges from 0.1% to 1% w/v. Preferably, the non-animal origin peptone concentration
ranges from 1% to 4% w/v; the yeast extract concentration ranges from 1% to 4% w/v; the cysteine concentration, or
its pharmaceutically acceptable salts, ranges from 0.03% to 0.07% w/v; and the arginine concentration, or its pharma-
ceutically acceptable salts, ranges from 0.25% to 0.7% w/v. Most preferably, the non-animal origin peptone concentration
is 3% w/v; the yeast extract concentration is 3% w/v; the cysteine concentration, or its pharmaceutically acceptable salts,
is 0.0625% w/v; and the arginine concentration, or its pharmaceutically acceptable salts, is 0.375% w/v.

[0044] Differing from the culture media conventionally used for C. histolyticum growth comprising at least one animal
origin ingredient, the culture media of the presentinvention are animal product-free and, surprisingly, stimulate proteases
with collagenolytic and gelatinolytic activity production, particularly collagenases, being, such as it is, superior to the
conventional culture media which contain animal origin peptones.

[0045] The present invention also refers to a process for Clostridium histolyticum liquid culturing in order to produce
a supernatant comprising one or more proteases with collagenolytic and gelatinolytic activity characterized by comprising
the steps of: a) providing a sterile animal product-free culture medium; b) culturing an aliquot of Clostridium histolyticum
stock culture in the culture medium in step (a), under anaerobic conditions at about 37°C before reaching the stationary
growth phase in order to obtain an inoculum; c) providing a sterile animal product-free culture medium for Clostridium
bacteria, according to present invention; d) adding to the culture medium in step (c) a volume of inoculum from step (b)
equal to or lower than 10% of the final volume of the medium defined in (c); e) culturing the C. histolyticum obtained in
(d) under anaerobic conditions at about 37°C until the stationary growth phase is attained; f) removing the cellular
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material and other particulate matter in the liquid phase of the culture in step (e), producing a supernatant comprising
one or more proteases with collagenolytic and gelatinolytic activity. Such process may include one or more additional
steps for the purification of one or more proteases with collagenolytic and gelatinolytic activity present in the supernatant
obtained in step (f).

[0046] The present invention also refers to a supernatant of a C. histolyticum liquid culture comprising one or more
proteases with collagenolytic and gelatinolytic activity obtained according to the process mentioned above, and phar-
maceutical compositions comprising, as active ingredient, the supernatant of Clostridium histolyticum liquid culture and
pharmaceutically acceptable excipients.

Brief Description of the illustrations

[0047] Aspects of the invention are explained or depicted by the following figures:

Figure 1. Comparison between the bacterial growth (optical density 600 nm) of C. histolyticum (ATCC 21000) in an
animal product-free culture medium (3% w/v of vegetable peptone, 3% w/v of yeast extract, 0.0625% w/v of cysteine
hydrochloride) that differ relative to the kind of vegetable peptone and yeast extract used. Standard culture medium
(comprising casein peptone) was used for comparison.

Figure 2. Comparison between the bacterial growth (optical density 600 nm) of C. histolyticum (ATCC 21000) in an
animal product-free culture medium that differ quantitatively relative to the vegetable peptone component (HY Pep 1511)
and yeast extract (YE5114). The animal product-free culture medium contains 0.0625% w/v of cysteine hydrochloride.
Standard culture medium (comprising casein peptone) was used for comparison.

Figure 3. Influence on the growth (OD) and enzymatic activity of different concentrations of the yeast extract (0-3% w/v)
in the composition of the animal product-free culture medium for C. histolyticum (ATCC 21000) comprising 3% w/v or
4% wi/v of soybean peptone and 0.0625% w/v of cysteine hydrochloride.

Figure 4. pH influence on bacterial growth (optical density 600 nm) of C. histolyticum (ATCC 21000) in an animal product-
free culture medium comprising 3% w/v of soybean peptone (NZ Soy BL4), 3% w/v of yeast extract (YE251) and 0.0625%
w/v of cysteine hydrochloride.

Figure 5. Influence of supplementing the medium with inorganic salts, vitamins and amino acids on the growth and the
collagenolytic and gelatinolytic activity of the supernatant obtained from a liquid culture of C. histolyticum (ATCC 21000)
in an animal product-free culture medium comprising: 3% w/v of soybean peptone (NZ SOY BL4), 3% w/v of yeast
extract (YE 251) and 0.0625% w/v of cysteine hydrochloride. The bars (1-8) in the chart refer to:

1 - Ctrl. Medium:

- NZ-soy BL4 (3%);
- Yeast extract YE 251 (3%);
- Cysteine hydrochloride (0.0625%);

2 - Ctrl + Sallts*

3 - Ctrl + Vitamins**

4 - Ctrl + Vitamins** + Salts*

5 - Ctrl + Aa***

6 - Ctrl + Aa*** + Vitamins™*

7 - Ctrl + Aa*** + Salts*

8 - Ctrl + Aa*** + Vitamins™* + Salts*

The vitamins and the salts were tested in the following concentrations:

Salts *
Components Quantities (mg/ml)
Potassium phosphate dibasic (K,HPO,) 1.0
Potassium phosphate monobasic (KH,PO,) 1.0
Magnesium sulphate (MgS0,.7H,0) 0.4
Sodium chloride (NaCl) 0.02
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(continued)
Salts *
Components Quantities (mg/ml)
Iron sulphate (FeSO,4.7H,0) 0.02
Manganese sulphate (MnSO,4.4H,0) 0.02
Vitamins **
Biotin 0.00625
Pimelic acid 0.02
Nicotinamide 0.02
Calcium pantothenate 0.02
Folic acid 0.02
Thiamine nitrate 0.02
Riboflavin 0.02
P-Aminobenzoic acid (PABA) 0.02
Amino acids - Aa***
Mix 20 Aa 1/each

Figure 6. Influence of supplementing the medium with inorganic salts, vitamins and amino acids on the growth and the
collagenolytic and gelatinolytic activity in the supernatant obtained from a liquid culture of C. histolyticum (ATCC 21000)
in an animal product-free culture medium comprising: 30 g/L of soybean peptone (NZ SOY BL4), 30 g/L of yeast extract
(YE 251) and the cysteine hydrochloride (0.625 g/L) and arginine hydrochloride (3.75 g/L). Analysis of the enzymatic
activity was observed through zymography gel (samples of the supernatant obtained for each culture medium were
analyzed in duplicates). The bars (1-4) in the chart refer to:

1 - Ctrl. medium + arginine:

- vegetable peptone NZ-soy BL4 (30 g/L);
- Yeast extract YE 251 (30 g/L);

- Cysteine hydrochloride (0.625 g/L);

- L-arginine (3.75 g/L).

2 - Ctrl + Vitamins
3 - Ctrl + Phosphates
4 - Ctrl + Vitamins + Phosphates

Figure 7. Comparison between the collagenolytic and gelatinolytic activity in the supernatant obtained from C. histolyticum
(ATCC 21000) liquid culture of animal product-free culture medium (3% w/v of vegetable peptone, 3% w/v yeast extract,
0.0625% w/v of cysteine hydrochloride) that differ relative to the kind of vegetable peptone and yeast extract used.
Standard culture medium (comprising casein peptone) was used for comparison.

Figure 8. C. histolyticum (ATCC 21000) bacterial growth and collagenolytic and gelatinolytic activity in the supernatant
obtained from C. histolyticum liquid culture using an animal product-free culture medium (30 g/L of soybean peptone
NZ SOY BL4, 30 g/L of YE251 and 0.625 g/L of cysteine) comprising, additionally, arginine, glycin or both. Horizontal
axis label:

Ctrl* = NZ-SoyBL4 (30 g/L); Yeast extract YE 412 (30 g/L); Cysteine hydrochloride (0.625 g/L); and
GA** = Glycin + L-arginine-HCI
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Figure 9. C. histolyticum (ATCC 21000) bacterial growth and collagenolytic and gelatinolytic activity in the supernatant
obtained from C. histolyticum liquid culture using an animal product-free culture medium (3% w/v of soybean peptone
NZ SOY BL4, 3% w/v of YE251 and 0.0625% w/v of cysteine) comprising, additionally, amino acid groups (Groups 1 to
6). Enzymatic activity was analyzed through SDS-PAGE zymography (Groups 1 through 6 represent the culture media
comprising the amino acid groups evaluated). The Groups 1-6 and Control in the chart refer to:

Group 1: | Glutamate/Proline/Glutamine/Arginine*

Group 2: | Aspartate/Asparagine/Lysin/Methionine/Threonine/Isoleucine*

Group 3: | Alanine/Valine/Leucine*

Group 4: | Serine/Glycin/Cysteine

Group 5: | Phenylalanine/Tyrosine/Tryptophan*
Group 6: | Histidine*
Control: | NZ-Soy BL4 (3%); Yeast extract YE 251 (3%); cysteine hydrochloride (0.0625%).

*Amino acids at 1 mg/ml each.

Figure 10. C. histolyticum (ATCC 21000) bacterial growth and collagenolytic and gelatinolytic activity in the supernatant
obtained from C. histolyticum liquid culture using an animal product-free culture medium (3% w/v of soybean peptone
NZ SOY BL4, 3% w/v of YE251 and 0.0625% w/v of cysteine) cultured in bioreactor (3 L). Enzymatic activity was analyzed
through SDS-PAGE zymography during cultivation.

Figure 11. C. histolyticum (ATCC 21000) bacterial growth and collagenolytic and gelatinolytic activity in the supernatant
obtained from C. histolyticum liquid culture using an animal product-free culture medium (3% w/v of soybean peptone
NZ SOY BL4, 3% w/v of YE251 and 0.0625% w/v of cysteine and 0.375% w/v of arginine) cultured in a bioreactor (3 L).
Enzymatic activity was analyzed through zymography (B) and the proteins were analyzed through SDS-PAGE gel (C)
while culturing (the results presented are only after 7 hours of growth).

Figure 12. Comparative analysis between growth and collagenolytic and gelatinolytic activity in the supernatant obtained
from a C. histolyticum (ATCC 21000) liquid culture using an animal product-free culture medium comprising: 3% w/v of
soybean peptone NZ SOY BL4, 3% w/v of YE251 and 0.0625% w/v of cysteine; or 3% w/v of soybean peptone NZ SOY
BL4, 3% w/v of YE251, 0.0625% w/v of cysteine and 0.375% w/v of arginine. Cultures took place in a bioreactor (3 L).
Analyses took place at the end of the culturing process.

Figure 13. Recovery of proteases with collagenolytic and gelatinolytic activity in the supernatant obtained from a C.
histolyticum (ATCC 21000) liquid culture using an animal product-free culture medium comprising 3% w/v of soybean
peptone NZ SOY BL4, 3% w/v of YE251, 0.0625% w/v of cysteine and 0.375% wi/v of arginine. Protein profile was
analyzed through SDS PAGE during the process. In the chart below, the columns from 1 to 6 refer to:

Activity (U/mL) | Yield (%)
1 - Supernatant (4x) 908.578 100

2 - post-dialysis (4x)

3 - post-dialysis (10x)

749.568 82.5
4 - post-dialysis (25x)
5 - post-dialysis (50x)
6 - post-lyophilization (25x) 798.649 87.35

Figure 14. Comparative analysis between growth (DO 600 nm) and collagenolytic and gelatinolytic activity (mU/mL) in
the supernatant obtained from liquid culture of C. histolyticum ATCC 21000 e T248 in animal product-free culture media
comprising: 3% w/v of soybean peptone NZ SOY BL4, 3% w/v of YE251, 0.0625% w/v of cysteine and 0.375% w/v of
arginine. Cultures were carried out in bioreactor (3 L). Analyses were performed (14 h) at the end of the culture process.
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Detailed description of the invention

[0048] In order to guarantee a better understanding of the invention’s scope, without making it a limiting factor, the
specific terms of the technology fields related to the present invention are defined as follows.

[0049] "Proteases" (proteinases, peptidases or proteolytic enzymes, EC 3.4), according to present invention, are
enzymes that cleave peptide bonds between the protein amino acids. "collagenases" of Clostridium histolyticum as type
| and type Il accordingly to the description supplied by Bond M. D., van Wart, H. E., 1987, Biochemistry 23:3077-3085
and Bond, M. D., van Wart, H. E., 1984, Biochemistry, 23: 3085.

[0050] "Collagen proteins"” or "collagen" refer to the main structural proteins present in the skin and bones of most
animals which are important extracellular matrix components. Collagen molecules consist of 3 chains of individual
polypeptide chains (alpha chains) folded in a triple helix configuration that is stabilized by hydrogen bonds.

[0051] "Gelatin" refers to a partially hydrolyzed form of collagen.

[0052] "Collagenolytic and gelatinolytic activity" refers to the measure of collagen and/or gelatin degradation within a
specified period of time. Protease collagenolytic and gelatinolytic activity is commonly verified by the protein’s ability to
cleave and the degradation rate when in the presence of collagen and gelatins. It is usually expressed in units/mL,
units/L, units/mg of enzyme or units/g of enzyme. Collagenolytic and gelatinolytic activity quantification can be determined
through a variety of methodologies such as viscometric analysis, colorimetric (ninhydrin; Moore & Stein, JBC, 176, 367,
1948) or fluorimetric reactions (collagen and gelatin substrates marked with fluorescence; EnzChek®) among others.
In the case in which the activity is quantified following a colorimetric protocol with ninhydrin, the activity is measured by
the enzymatic hydrolysis of a synthetic substrate (Carbobenzoxy-Gly-Pro-Gly-Gly-Pro-Ala).

[0053] "Bacterial growth" is defined as the division of a bacterial cell in two identical daughter cells during a process
called binary fission. This way, the bacterial population duplication occurs at each cell division. However, if the number
of viable cells exceeds the average, the bacterial population will present exponential growth. Exponential bacterial growth
in a culture can be monitored through well-known methods, such as, direct bacterial cell count (i.e. microscopy, flow
cytometry), determining biomass value (milligrams, grams, kilos or tons), colony count, optical density (measured in
spectrophotometer, wavelength of about 600nm), monitoring nutrient consumption, among others. Bacterial growth can
be characterized by four different phases: "lag phase", "exponential or log phase", "stationary phase" and "decline or
death phase".

[0054] It is of common knowledge that during the "lag phase", the bacteria are adapting to the presented growth
conditions. Itis a period when cells are entering a maturity state, not yet capable of dividing themselves. The "exponential
or log phase" is a period characterized by cell duplication. If growth is not a restraint, cell duplication continues at a
steady rate, so both, the number of cells and growth rate, duplicate in each period of time. The exponential growth phase
cannot endure indefinitely since the growth medium has nutritional restraints and accumulation of metabolites which are
often toxic and are produced by bacterial cells undergoing division. During the "stationary phase", growth rate decreases
due to nutritional restraints and accumulation of toxic metabolites. This phase is characterized by resource depletion in
the culture medium. In the "decline or death phase", bacteria deplete completely the remaining nutrients still available
in the culture medium and die.

[0055] "Pre-inoculum" is defined as a suspension of microorganisms obtained from a stock culture that will be used
for continued growth of the microorganism for producing of an inoculum.

[0056] "/noculum"is a microorganism suspension with a given specific concentration that is to be used for continued
growth and/or fermentation on a larger scale (greater volume of culture medium) than the initial one.

[0057] "Anaerobic condition" and "anaerobiosis" is defined as the maintenance of a substantially oxygen-free culture
condition.

[0058] "Fresh culture medium" refers to any culture medium for microorganism growth or fermentation that has not
been previously used, or, as a medium containing integrally all of its components.

[0059] "Freezing medium" characterizes a composition capable of maintaining a microorganism’s viability after being
subjected to freezing or lyophilization and storage and, thus, its growth and fermentation capacity after the storage period.
[0060] The storage of the microorganism on the freezing medium can be performed on temperatures that are suitable
for its freezing maintenance. Moreover, it is also possible to lyophilize the microorganism in the freezing medium before
storage. In the present invention, the freezing medium is an animal product-free and contains, in addition, a cryopreser-
vation agent.

[0061] "Cryopreservation agent", or cryoprotectant, is a substance intended to protect the microorganism during freeze-
thaw allowing it to maintain cell viability after freezing. Some common cryopreservation agents used for microorganism
storage are: sucrose, glycerol, dimethyl sulfoxide (DMSO), among others.

[0062] "Stock or storage medium" refers to a fraction of microorganism in freezing medium stored for a determined
period of time.

[0063] "Supernatant'is used hereafter to describe the liquid phase of a microorganism culture medium (growing or
fermentation medium), free of particulate or solid material. The supernatant can be obtained by centrifuging and/or
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filtering the material, such process is well known on the state of the art.

[0064] "Peptones" are defined in the present invention as mixtures of compounds yielded by protein hydrolysis (it
comprises proteins fragments, whose composition depends on the protein source used for hydrolysis). Commonly,
peptones are obtained by acid or enzymatic hydrolysis of natural products, such as animal or vegetable tissues, as well
as milk or microbial cultures.

[0065] The protein source for producing animal origin peptones is often a by-product of meat and dairy production.
Therefore, as result of its hydrolysis, there are several other compounds, apart from peptides and amino acids, such as
fats, metal ions, salts and vitamins.

[0066] "Animal Product-Free" is used to describe a substance completely absence of any animal origin product,
component or compound. "Animal”includes mammals, birds, reptiles, fishes, amphibians, arthropods withal other animal
species. "Animal" excludes microorganisms such as bacteria and yeasts. Thus, "Animal Product-Free" can comprise
proteases derived from bacteria of the genus Clostridium, such as C. histolyticum. "Animal Product-Free" does not
include animal-derived proteins, such as: immunoglobulin, meat digests and byproducts, and dairy products and their
derivatives. On the context of this invention "compound”, "ingredient", "product" or "source" "of non-animal origin" are
the preferred sources of ingredients for the Clostridium histolyticum culture medium, including vegetables, microorgan-
isms (e.g., yeast) and synthetic compounds.

[0067] "Standard or traditional culture medium" refers to the culture medium for growth and/or fermentation of bacteria
of the genus Clostridium, in particular C. histolyticum, characterized for comprising animal-origin compounds, including
peptone proteose, tryptic digests of casein or meat, casein peptone among others.

Invention Description

[0068] Itis known that in the case of Clostridium histolyticum growth, animal-origin peptones are considered essential
ingredients in the culture medium, having a strong influence on the production of proteases with gelatinolytic and colla-
genolytic activity. However, regarding the protease production for therapeutic use in humans, it is ideal that animal-origin
ingredients are avoided throughout the entire process, eliminating the risk of pathogens interspecies horizontal trans-
mission and pathological induction of immune responses against animal-origin antigenic peptides that may be present
in the final product, even after several purification steps.

[0069] Thereby, this invention describes an animal product-free Clostridium culture medium for growth and proteases
production possessing collagenolytic and gelatinolytic activity. Most preferably, the presentinvention describes a culture
medium for C. histolyticum.

[0070] Bacterial growth and protease production with collagenolytic and gelatinolytic activity using an animal product-
free culture medium as described in this invention were compared to observations of the same culture parameter with
culture medium comprising animal-origin ingredients such as proteose peptone or casein hydrolysate (known as standard
or traditional culture medium).

[0071] Particularly, the culture medium described inthe presentinvention yields a supernatant with higher collagenolytic
and gelatinolytic activity than the one obtained from Clostridium histolyticum culture using standard culture medium
(comprising animal-origin peptones).

[0072] Thereby, this invention presents a culture medium for bacteria of the genus Clostridium, most particularly C.
histolyticum, animal product-free medium comprising water, non-animal origin peptone, or its derivatives, yeast extract,
cysteine and arginine, or its pharmaceutically acceptable salts.

[0073] The culture medium of the present invention can additionally comprise one or more additive is selected from
the group consisting of agent for adjusting pH within the range of 7.0 and 8.0, reducing agents, inorganic salts, vitamins
and mixtures thereof.

[0074] Optimum levels of growth rate and proteases production presenting collagenolytic and gelatinolytic activity,
mainly collagenase, are achieved using the culture medium described on this invention, having a pH ranging from 7.0
to 8.0. The culture medium pH is, preferably, around 7.0. pH adjustment must be performed after sterilization and before
initiating C. histolyticum culture , through aqueous solutions of an agent for pH adjustment known by those skilled the
art, e.g., ammonium sulphate, NaOH, sulphuric or nitric acid, among others.

[0075] The additives (reducing agents, inorganic salts and vitamins) that can be included on an animal product-free
culture medium are selected among substances known by those skilled in the art. The reducing agent, according to this
invention, is selected from the group consisting of sodium thioglycolate, sodium bisulphite, iron salts, glucose and
mixtures thereof.

[0076] Additionally, according to this invention, the inorganic salts are selected from the group consisting of NaCl,
KCl, Na,HPO,4, NaH,PO,4, KH,PO,, KoHPO,4, MgSO,, FeSO,4, MNSO,4 and mixtures thereof.

[0077] Vitamins, according to the present invention, is selected from the group consisting of biotin, pimelic acid,
nicotinamide, calcium pantothenate, folic acid, thiamine nitrate, riboflavin, p-aminobenzoic acid (PABA) and mixtures
thereof.
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[0078] Non-animal origin peptones evaluated as ingredients for Clostridium histolyticum culture medium are listed in
Table 1.

Table 1. Non-animal origin peptones evaluated as ingredients for Clostridium histolyticum culture medium as described
in the present invention

Non-animal origin peptones Supplier
Amysoy® Sheffield™ Bioscience (Kerry, USA)
HYP A® BioSpringer (France)
Hy-Pep 1510® Sheffield™ Bioscience (Kerry, USA)
Hy-Pep 1511® Sheffield™ Bioscience (Kerry, USA)
Hy-Pep 4601® Sheffield™ Bioscience (Kerry, USA)
Hy-Pep 4605® Sheffield™ Bioscience (Kerry, USA)
Hy-Pep 5603® Sheffield™ Bioscience (Kerry, USA)
Hy-Pep 7504® Sheffield™ Bioscience (Kerry, USA)
Hy-soy® Sheffield™ Bioscience (Kerry, USA)
NZ-Soy BL4® Sheffield™ Bioscience (Kerry, USA)
NZ-Soy BL7® Sheffield™ Bioscience (Kerry, USA)
Soybean peptone 312 - AF® Biotecnica Internacional (Mexico)

[0079] Non-animal origin peptones can also be obtained from other suppliers, such as: Soy peptone® (Gibco), Bac-
soytone® (Difco), SES0M® (DMV), Peptona de soja 312® (Biotecnica International, Mexico), SESOMAF-UF® (DMV),
Stedygro Soy® and Proyield Soy®.

[0080] The animal product-free culture medium for Clostridium histolyticum comprising a non-animal origin peptone
that is a vegetable peptone selected from the group consisting of soybean, cotton, wheat, sunflower, rice, peanuts,
beans, peas, potatoes, sweet corn or a mixture thereof. Preferably, the vegetable peptone is a soybean, cotton or wheat
peptone, or its mixtures. Most preferably, the vegetable peptone is a soybean peptone.

[0081] This invention discloses the surprising observation that peptones, or other animal-origin components are not
necessary in Clostridium histolyticum culture media, and that the culture medium of the present invention, animal product-
free, yields proteases with collagenolytic and gelatinolytic activity superior to that obtained in conventional culture medium
containing animal-origin components.

[0082] According to the present invention, vegetable peptones from different suppliers can be used in the animal
product-free culture medium for Clostridium histolyticum. Preferably, the vegetable peptones are hydrolyzed and its
production process is also animal product-free.

[0083] The vegetable peptone, according to this invention, is selected from the group consisting of Hy Soy®, Soytone®,
Amisoy®, NZ Soy BL4®, NZ Soy BL7®, Hy Pep 1510®, Hy Pep 1511®, Hy Pep 5603®, Hy Pep 7504®, Stedygro Soy®,
SE50M®, Proyield Soy®, SE5S50MAF-UF®, and mixtures thereof.

[0084] Preferably, the vegetable peptone is selected from the group consisting of Hy Pep 4601®, NZ soy BL4®, HyPep
1511® and Hy Pep 7504®. Most preferably, the vegetable peptone is NZ soy BL4®.

[0085] Besides non-animal or vegetable origin peptones, the culture medium developed and described in the present
invention for Clostridium histolyticum culture contains yeast extract as critical ingredient. Commercial suppliers evaluated
for this ingredient are listed in Table 2.

Table 2. Yeastextracts evaluated as ingredients for Clostridium histolyticum culture medium described on this invention.

Yeast Extract Supplier

Bacto YE® BD Bioscience (USA)

Hy-Pep YE® Sheffield™ Bioscience (Kerry, USA)
Hy-Yeast 412® Sheffield™ Bioscience (Kerry, USA)
Hy-Yeast 413® Sheffield™ Bioscience (Kerry, USA)
Hy-Yeast 502® Sheffield™ Bioscience (Kerry, USA)
Hy-Yeast 501® Sheffield™ Bioscience (Kerry, USA)
Hy-Yeast 503® Sheffield™ Bioscience (Kerry, USA)
Prodex 710 SD® BioSpringer (France)

Prodex NS70SD® BioSpringer (France)
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(continued)

Yeast Extract Supplier
Pronal 5001® BioSpringer (France)
YE 11® Sheffield™ Bioscience (Kerry, USA)
YE151® Biotecnica Internacional (Mexico)
YE251® BioSpringer (France)
YE 70161® Fluka (Sigma-Aldrich GmbH)
YE Y42S0® Sigma-Aldrich GmbH
Synth® Synth® (Brazil)
YE 207® BioSpringer (France)
YE 5114® Vetec Quimica Fina (Brazil)

[0086] Preferably, according to the present invention, the yeast extract is selected from the group consisting of Bacto
YE®, Hy-Pep YE®, Hy-Yeast 412®, Hy-Yeast 413®, Hy-Yeast 502®, Hy-Yeast 501®, Hy-Yeast 503® Prodex 710 SD®,
Prodex NS70SD®, Pronal 5001®, YE 11®, YE 151®, YE 251®, YE 70161®, YE Y4250®, Synth®, YE 207®, YE 5114®
and mixtures thereof. Most preferably, the yeast extract is YE 251®.

[0087] Regarding the amino acids, arginine is L-arginine and cysteine is L-cysteine or its pharmaceutically acceptable
salts. Preferably, the pharmaceutically acceptable salts are cysteine hydrochloride and arginine hydrochloride.

[0088] The culture medium of the present invention, quantitatively, is characterized by comprising non-animal origin
peptone at a concentration of 0.5% to 5% w/v; yeast extract present at a concentration of 0.5% to 5% w/v; cysteine, or
its pharmaceutically acceptable salts, at a concentration of 0.01% to 0.1% w/v; and arginine, or its pharmaceutically
acceptable salts, at a concentration of 0.1% to 1% wi/v.

[0089] Preferably, the culture medium comprising non-animal origin peptone at a concentration between 1% and 4%
w/v, yeast extract at a concentration between 1% and 4% w/v, cysteine, or its pharmaceutically acceptable salts, at a
concentration of 0.03% to 0.07% w/v, and arginine, or its pharmaceutically acceptable salts, at a concentration ranging
from 0.25% to 0.7% w/v. Most preferably, the culture medium comprising non-animal origin peptone at a concentration
of 3% w/v, yeast extract at a concentration of 3% w/v, cysteine, or its pharmaceutically acceptable salts, at a concentration
of 0.0625% w/v, and arginine, or its pharmaceutically acceptable salts, at concentration of 0.375% w/v.

[0090] The culture medium, according to the present invention, must be sterilized before the inoculum with C. histo-
lyticum. Media sterilization can be performed through methods known by those skilled in the art, for example, treatment
by moist heat autoclaving or filtration. Thus, the culture medium described in this invention is characterized by being
sterile. Preferably, the animal product-free culture medium of the present invention is characterized by being liquid.
[0091] The culture medium, according to the present invention, is used on a process for producing a supernatant from
a Clostridium histolyticum liquid culture comprising one or more protease presenting collagenolytic and gelatinolytic
activity.

[0092] C. histolyticum, when cultured in the animal product-free liquid medium presented herein, secrete such pro-
teases into the liquid phase. Collagenases, along with other proteases, are the main protein components in the super-
natant produced by such C. histolyticum culture.

[0093] On another aspect of the present invention, a process for producing supernatant of Clostridium histolyticum
liquid culture is described, comprising one or more proteases with collagenolytic and gelatinolytic activity and which
comprising the C. histolyticum culture in an animal product-free culture medium according to the present invention.
[0094] The process for producing supernatant of Clostridium histolyticum liquid culture comprising one or more pro-
teases with collagenolytic and gelatinolytic activity comprising the following steps:

a) providing a sterile animal product-free culture medium;

b) culturing an aliquot of Clostridium histolyticum stock culture in the culture medium in step (a), under anaerobic
conditions at about 37°C before reaching the stationary growth phase in order to obtain an inoculum;

c) providing a sterile animal product-free culture medium for Clostridium bacteria, according to the present invention

d) adding to the culture medium in step (c) a volume of inoculum from step (b) equal to or lower than 10% of the
final volume of the medium defined in step (c);

e) culturing the C. histolyticum obtained in step (d) under anaerobic conditions at about 37°C until the stationary
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growth phase is attained;

f) removing cellular material and other particulate matter in the liquid phase in step (e) yielding a supernatant
comprising one or more proteases with collagenolytic and gelatinolytic activity.

[0095] Anaerobic conditions, as required in steps (b) and (e) can be attained through various methods, including but
not limited to the ones described hereafter. Methods for maintaining anaerobic conditions for microorganism growth are
well known by those skilled in the art. For instance, the anaerobic conditions in steps (b) and (c), can be maintained
through the addition of nitrogen gas to the culture medium during cell growth.

[0096] The purpose of culture medium referred in step (a) is to increase cell count from a stock culture, being stored
under appropriate conditions for maintaining cell viability. Preferably, the stock culture is maintained at -80°C in an animal
product-free culture medium containing one or more cryopreservation agents. In order to achieve C. histolyticum best
growth rates in an animal product-free medium, it is ideal that the stock medium is also composed of non-animal derived
compounds.

[0097] The stored stock culture is produced from an animal product-free culture medium comprising vegetable pep-
tones, preferably soybean peptone or its derivatives, yeast extract, cysteine, as well as a cryopreservation agent, in pH
between 6.5 and 8.0 and. Cryopreservation agents for microorganisms, mainly bacteria, are broadly known by person
skilled in the art and can be selected from the group consisting of glycerol, sucrose, dimethyl sulfoxide and glucose. The
amount of cryoprotectant added to the stock culture varies depending on the bacterial lineage and must be correctly
adjusted prior to preparing the stock microorganism bank (master cell bank and working cell bank).

[0098] The purpose of the growth phase (step (b)) is to increase the amount of available and viable microorganisms
for production proteases with collagenolytic and gelatinolytic activity, which occurs in step (e). Additionally, the growth
phase allows the dormant microorganisms in the stock culture to grow actively and secrete proteases with collagenolytic
and gelatinolytic activity at step (e). The sterile and animal product-free culture medium of step (a) of the process
described above is characterized by comprising water, vegetable-origin peptone, yeast extract and cysteine. Specifically,
the sterile and animal product-free culture medium of step (a) comprising water, 0.5 to 5% w/v of vegetable peptone,
0.5 to 5% wl/v of yeast extract, 0.01 to 0.1% w/v of cysteine or its pharmaceutically acceptable salts and pH of 6.5 to
8.0. Preferably, the culture medium of step (a) is characterized by comprising water, 3% w/v of vegetable peptone, 3%
w/v of yeast extract, 0.0625% w/v of cysteine or its pharmaceutically acceptable salts and pH of 6.5 to 8.0.

[0099] As it will be noticed in the Examples 1 and 2 described below, there is no need of adding arginine to the animal
product-free culture medium in order to obtain a higher growth rate than the one observed in standard culture medium
(with animal-origin peptone). Therefore, the preferred culture medium described for step (a) has been defined considering
only the minimum composition in order to obtain the presented results, in other words, only the components considered
essential for growth. However, similar results are observed when the medium contains, not only the described essential
compounds, but also arginine and other additives (inorganic salts, vitamins and reducing agents).

[0100] The arginine amino acid is essential for the surprising results of the present invention regarding the production
of proteases with collagenolytic and gelatinolytic activity (step (e)). It has been observed that the production of proteases
with collagenolytic and gelatinolytic activity obtained in a C. histolyticum culture supernatant is much higher when the
culture medium contains arginine and cysteine when compared with the non-animal origin medium (only with cysteine)
and with the traditional medium containing animal origin compounds.

[0101] Thus, the process for producing supernatant of Clostridium histolyticum liquid culture comprising one or more
proteases with collagenolytic and gelatinolytic activity is characterized by the fact that the sterile animal product-free
culture medium described in step (c) comprising water, vegetable peptone, yeast extract, cysteine and arginine, with
concentrations defined by the present invention, and a pH of 7.0 to 8.0.

[0102] Preferably, the process for producing supernatant of Clostridium histolyticum liquid culture comprising one or
more proteases with collagenolytic and gelatinolytic activity is characterized by the fact that the sterile animal product-
free culture medium described in step (c) comprising water, 3% w/v of vegetable peptone, 3% w/v of yeast extract,
0.0625% w/v of cysteine or its pharmaceutically acceptable salts, 0.375% w/v of arginine or its pharmaceutically accept-
able salts and a pH between 7.0 and 8.0.

[0103] Bacterial growth can be monitored by measuring the optical density of the culture medium during the process
described above (steps (b) and (e)) using a spectrophotometer (reading at 600 nm) according to methods well known
by those skilled in the art.

[0104] The C. histolyticum culture during step (b) may occur in one or more steps. Preferably, the process for producing
supernatant of Clostridium histolyticum liquid culture is characterized by the fact that the step (b) comprising at least the
following steps: 1) cultivating the stock culture in a medium culture from step (a) in a ratio of 0.1:1.0 v/v for about 16
hours in order to obtain a pre-inoculum; 2) adding to the pre-inoculum a volume of the culture medium that is equal or
superior to the double of the culture medium volume from step (1) and maintaining the culture for about 12 hours in
order to obtain an inoculum.
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[0105] It is essential that the growth during step (b) does not lead to cell lysis before its inoculation into the culture
medium in step (c), guaranteeing the cell viability of the inoculum.

[0106] The process for producing supernatant of Clostridium histolyticum liquid culture can be characterized by com-
prising only steps from (c) to (f), initiating the C. histolyticum culture directly from a stock culture defined in step (c),
without the need of producing an inoculum.

[0107] Preferably, the process for producing supernatant of Clostridium histolyticum liquid culture is characterized by
the fact that the C. histolyticum culture during step (e) involves the addition, in sufficient amount, of one or more known
agents which allow pH adjustment to maintain the pH between 6.5 and 8.0.

[0108] In the presentinvention, during step (f) of the process for obtaining C. histolyticum collagenolytic enzymes, the
separation of cellular material or other particulate matter from the culture medium liquid phase can be performed through
different techniques of filtration, centrifugation or chromatographic purification known on the state of the art, not limited
to tangential filtration, centrifugation, chromatography gel filtration, among others.

[0109] Thus, the process for producing supernatant of Clostridium histolyticum liquid culture is characterized by the
fact that step (f) is performed through filtration or centrifugation procedures, or both.

[0110] In addition, the process for producing supernatant of Clostridium histolyticum liquid culture is characterized by
comprising one or more additional steps for the purification of one or more proteases with collagenolytic and gelatinolytic
activity in the supernatant obtained in step (f). Purification can be performed through various filtration methods, chro-
matographic purification or saline precipitation, not limited to ammonium sulfate precipitation, tangential filtration, ion-
exchange chromatography, affinity chromatography, gel filtration chromatography, among others, individually or com-
bined.

[0111] According to the present invention, the supernatant of the C. histolyticum liquid culture is a complex mixture
including, not only proteases with collagenolytic and gelatinolytic activity, mainly collagenases, but also other proteins,
bacterial metabolites, culture medium components, among other substances.

[0112] Thus, an additional aspect of this invention refers to the supernatant of Clostridium histolyticum liquid culture
comprising one or more proteases with collagenolytic and gelatinolytic activity characterized by being produced through
a process described above.

[0113] Particularly, the supernatant, according to the present invention, is characterized by comprising 20 to 90% of
collagenases after the purification.

[0114] The supernatant, according to this invention, can be directly purified in order to obtain one or more proteases
with collagenolytic and gelatinolytic activity. Alternatively, the supernatant can be stored on a frozen or lyophilized form,
without, losing its collagenolytic and gelatinolytic activity.

[0115] In another aspect, the invention discloses the use of a supernatant of Clostridium histolyticum liquid culture
obtained through the process described in the present invention characterized by being for the preparation of a medi-
cament for the treatment of diseases that benefit from collagenolytic and gelatinolytic activity of proteases of C. histo-
lyticum. Particularly, the invention describes the use of a supernatant of C. histolyticum liquid culture characterized by
being for the preparation of a medicament for the treatment of collagen-mediated diseases or diseases due to accumu-
lation of fibrous tissue. In addition, the invention describes the use of a supernatant of the C. histolyticum liquid culture
characterized by being for the preparation of a medicament for the treatment of necrotic tissue and/or healing processes.
Besides the use of a supernatant of the C. histolyticum liquid culture is characterized by being in the preparation of a
medicament for the enzymatic debridement.

[0116] Burnsand skinlesions of diverse nature are examples of situations where necrotic tissue treatment is necessary.
[0117] This invention also discloses a pharmaceutical composition characterized by comprising as active ingredient
the supernatantof Clostridium histolyticum liquid culture obtained from the process described herein and pharmaceutically
acceptable excipients. The pharmaceutical composition can include one or more excipients pharmaceutically acceptable,
caps, plugs, carriers, stabilizers, preservatives and thickeners. The pharmaceutical composition, according to the in-
vention, is characterized by being for administration in animal or human, for therapeutic or cosmetic use.

[0118] According to this invention, the pharmaceutical compositions comprising as active ingredient the supernatant
of Clostridium histolyticum liquid culture can be administered through oral, sublingual, nasal, intravenous, intramuscular,
intraperitoneal, intrarticular, subcutaneous, dermal, transdermal, among others. Preferably, the pharmaceutical compo-
sition, according to the present invention, is characterized for being formulated for subcutaneous, dermal and transdermal
administration.

[0119] Most preferably, the pharmaceutical composition, according to the present invention, is characterized by being
for topical use and comprising an activity potency ranging from 0.2 U to 1.8 U of collagenase per gram of composition
(quantified through the colorimetric method with ninhydrin).

[0120] The carriers or pharmaceutically acceptable excipients are selected based on the final composition that may
be presented as capsules, tablets, oral solutions, solutions for nasal administration, injectable solution for intramuscular,
intravenous, cutaneous or subcutaneous or yet solutions, ointments or creams for topical use, among others. Thus, the
pharmaceutical compositions of this invention comprises as active ingredient the supernatant of Clostridium histolyticum
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liquid culture, pharmaceutically acceptable excipients or carriers in the form of a cream or ointment formulation, lyophilized
or aqueous solutions. Excipients, carriers or stabilizers pharmaceutically acceptable do not demonstrate toxicity to the
recipient organism at the dosages and concentrations used and can include buffers such as phosphate, citrate, and
other organic acids; antioxidants such as ascorbic acid and methionine; preservatives such as octadecyldimethylbenzyl
ammonium chloride, hexamethonium chloride, benzalkonium chloride, benzethonium chloride, phenol, butyl alcohol,
benzyl alcohol, alkyl parabens such as methyl- and propylparaben, catechol, resorcinol, cyclohexanol, 3-pentanol, and
m-cresol; amino acids, monosaccharides, disaccharides, and other carbohydrates such as glucose, mannose, sucrose,
mannitol, or sorbitol; polysaccharides (such as the polysaccharide hydrophilic Ficoll®), polymeric excipients such as
polyvinylpyrrolidones, dextrins, polyethylene glycols, flavoring agents, sweeteners, anti-static agents, chelating agents
such as EDTA or EGTA; salts releasing ions like sodium, metal complexes, non-ionic polysorbates such as "TWEEN
20" and "TWEEN 80", lipids such as phospholipids, fatty acids and steroids such as cholesterol. Methods for the prep-
aration of pharmaceutical compositions are well known, or will be apparent in light of this invention, to those skilled in
the art in pharmaceutical technology.

[0121] Such pharmaceutical compositions find application in the treatment of diseases that benefit from collagenolytic
and gelatinolytic activity of C. histolyticum proteases, in the treatment of pathological conditions of the human body
associated with excessive collagen deposition and erratic accumulation of fibrous tissue rich in collagen, treatment of
necrotic tissue and healing process and treatment for enzymatic debridement.

[0122] C. histolyticum culture supernatant, as well as proteases with collagenolytic and gelatinolytic activity, mainly
collagenases, produced according to the process described in this invention does not exhibit toxicity, fact proven by
cytotoxicity and dermal toxicity studies.

[0123] For a better understanding of the teachings of this invention, examples 1 to 8 are presented without, however,
limiting its scope.

[0124] Examples 1-4 demonstrate the preparation of an animal product-free culture media, according to the present
invention, and the C. histolyticum growth and proteases with collagenolytic and gelatinolytic activity production. Results
obtained confirm the effectiveness of animal product-free culture medium, related to C. histolyticum growth in comparison
with standard culture medium, even without arginine in its composition(Figures 1 and 2). The importance of the yeast
extract in the medium’s composition can be observed in Figure 3, and the preferred pH range for C. histolyticum growth
is exemplified in Figure 4. Figures 5 and 6 clearly demonstrate that supplementing the animal product-free medium with
vitamin and inorganic salts yields no improvement in cell growth nor in protein expression. For such reason such com-
ponents are considered optional. However, the sole addition of arginine in the animal product-free culture medium
proposed herein is critical for increasing protease expression (yielding a supernatant with higher collagenolytic and
gelatinolytic activities) this is demonstrated in Figures 7 and 8. Evidence of the importance of arginine and cysteine for
producing proteases with collagenolytic and gelatinolytic activity in the animal product-free culture medium is shown in
Figure 9.

[0125] Moreover, the examples cited above clearly portray the quality of the supernatant obtained by culturing C.
histolyticum in animal product-free medium. This quality is related to the amount of proteases with high molecular weight,
which is associated with the C. histolyticum collagenases, whose enzymatic activity is also demonstrated.

[0126] Example 5 shows the results of culturing in bioreactor (3L) using the animal product-free culture medium
described in the present invention. Figure 10 shows the results of a cell culture using animal product-free culture medium
without arginine, demonstrating the smaller protease production when compared to one in which arginine was added
(Figure 11) . Figure 12 shows a comparative graph between animal product-free culture media with and without arginine.
The parameters considered in this analysis were bacterial growth rate and enzyme production.

[0127] Example 6 describes a recovery process to the proteases with collagenolytic and gelatinolytic activity present
in the supernatant from the C. histolyticum culture in animal product-free medium described in the present invention.
The quality of the supernatant obtained can be highlighted, with no precipitation, facilitating its manipulation. The results
of the collagenolytic enzymes recovery by precipitation with ammonium sulfate, followed by dialysis and lyophilization
are shown (Figure 13).

[0128] Example 7 presents a pharmaceutical composition for topic use comprising the supernatant obtained from C.
histolyticum liquid culture produced in animal product-free culturemedium. The stability of the compositions is also
described; substantiating the quality of the product obtained utilizing the described fermentative processes and defining
one more advantageous trait of the present invention.

[0129] Example 8 describes assays of dermal toxicity with repeated doses (21 days) in rats (male and female),
demonstrating the absence of toxicity of the pharmaceutical compositions prepared with collagenolytic enzymes obtained
through the lyophilization of the supernatant obtained from C. histolyticum liquid culture produced in animal product-free
culture medium, according to the present invention, and through tangential filiration. The absence of pharmaceutical
compositions toxicity highlights, once again, the quality of the enzymatic composition of the supernatant from cultures
of C. histolyticum in animal product-free culture media, according to the present invention (Figures 14-17).

[0130] Example 9 shows the results of the cultivation of two C. histolyticum strains, ATCC21000 and T248 in a 3L
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bioreactor using animal product-free medium as described in the present invention. Figure 14 shows the comparative
results, demonstrating an equivalent production of colagenolytic and gelatinolytic proteases by both strains.

[0131] Example 10 shows the cytotoxicity test results of the colagenolytic and gelatinolytic proteases obtained from
the supernatant of the two C. histolyticum strains liquid culture (ATCC 21000 and T248) grown in animal product-free
culture medium.

EXAMPLES

[0132] The examples below are merely illustrative, and must be applied solely for a better understanding of the constant
developments in the present invention, and are not to be used with the intention of limiting the described objects.
[0133] C. histolyticum strains may be obtained from several sources, including the American Type of Culture Collections
(ATCC). Various Clostridium histolyticum strains have already been applied with the intent of obtaining collagenase;
hence the presentinvention does notlimititself only to the strain utilized for the demonstration through the examples below.
[0134] The ATCC 21000 (non-mobile mutant of amobile lineage, wild, isolated from the soil ATCC 21000 ™) Clostridium
histolyticum strain was used in all examples presented herein. The reason for such is due to the fact that this strain is
known for yielding high amounts of good quality collagenolytic and gelatinolytic enzymes. The culture medium advised
by ATCC for its propagation includes animal origin peptones, inorganic salts and leaver digest (culture medium Reinforced
Clostridial Medium - RCM - Oxoid CM149, pH 8.0; anaerobic conditions).

[0135] In addition, Examples 9 and 10 show the results of cultures using animal product-free culture medium as
described herein for the T248 Clostridium histolyticum strain, isolated from topsoil sample of a private area (Espirito
Santo do Pinhal/SP, Brazil). The T248 strain was characterized morphologically (gram positive bacillus, sporulated),
biochemically (optional anaerobic, which degrades gelatins) and genetically (tpi gene and 16S, 23S ribosomal and 16S
and 23S intergenic regions), present exclusively in C. histolyticum strains encoding collagenase class | and Il. The strain
was also characterized phylogenetically using 16S-23S intergenic region sequences.

Example 1. Process for producing standard and animal product-free culture media for Clostridium histolyticum.

[0136] The standard or traditional culture medium was prepared using the following ingredients, quantities refer per
liter of medium: Proteose peptone n. 3 or casein peptone (20 g); yeast extract (5 g); glucose (5 g); sodium thioglycolate
(250 mg), pH 7.0 using 5M NaOH.

[0137] The animal product-free culture medium was prepared using the following ingredients per liter: vegetable origin
peptone (10-40 g); yeast extract (0-30 g); cysteine hydrochloride (625 mg), pH 7.0 using 5M NaOH. All components,
except glucose which is present only in the standard medium, were dissolved in water and the pH was adjusted to 7.0
using 5M NaOH. The medium was then sterilized in autoclave at 121°C for 20 minutes. A glucose solution was prepared
separately and sterilized in an autoclave (autoclave at 1210C for 20 minutes) and this solution was then added to the
standard medium only at the time of culture.

[0138] Several amounts of different vegetable origin peptones and yeast extract were evaluated as compounds in an
animal product-free culture medium described above.

[0139] Moreover, the influence of different pH’s in the animal product-free culture medium (3% w/v NZ soy BL4, 3%
w/v YE251 e 0.0625% w/v cysteine hydrochloride, pH 7.0) was also investigated, being the evaluated pH range from
6.5 to 8.5.

Example 2. C. histolyticum growth in an animal product-free culture medium and in a standard culture medium
as defined in Example 1.

[0140] Initially, the frozen stock culture of Clostridium histolyticum (100 pL) was suspended in 1 mL of standard culture
medium or 1 mL of animal product-free culture medium (described in Example 1), separately in two tubes that were filled
with the respective culture media to reach the 10 mL final volume (culture denominated as inoculum). Tubes containing
the inoculum were incubated at 37 ©C, in anaerobiosis, for approximately 16 hours.

[0141] Atfter this period, 3 mL of the inoculum were incubated in 250 mL vials, containing 150 mL of the respective C.
histolyticum culture media. The culture was then maintained at 37 oC for 12-14 hours in under anaerobic conditions (N,
addition). All the analyses presented were carried out at the end of the 12-14 hour interval. Bacterial growth was deter-
mined through analysis of optical density - OD - using a spectrophotometer with a set wavelength of 600 nm.

[0142] Figure 1 shows the OD (optical density) results for C. histolyticum (ATCC 21000) growth in an animal product-
freeculture medium comprising vegetable peptone (3% w/v) and yeast extract (3% wi/v) from different suppliers. The
evaluated suppliers display similar results of bacterial growth. In Figure 1 it is clearly observed a significant increase in
the OD measured when animal product-free culture medium was used, indicating higher bacterial growth rate when
compared to the standard medium (with animal origin peptones) (Vetec + Casein). All animal product-free culture media
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represented in Figure 1 contain 625 mg/L of cysteine hydrochloride and pH of approximately 7.0.

[0143] The results for growth rates analysis when C. histolyticum is subjected to animal product-free culture medium
considering various vegetable peptones (Hy-pep 1511; 1-3% w/v) and yeast extract (YE 251; 0-3% w/v) concentrations
is presented in Figure 2. All animal product-free culture media represented in Figure 2 contain 625 mg/L of cysteine
hydrochloride and pH of approximately 7.0. Some variation in the C. histolyticum growth rate is observed in among these
animal product-free culture media. However, the OD values reached are always superior to those obtained when culturing
C. histolyticum in a standard medium (with animal origin peptone).

[0144] Theimportance of the yeastextractin the composition of the animal product-free culture medium is demonstrated
in Figure 3 (animal product-free culture media comprising 0, 1, 2 or 3% of yeast extract). It can be observed that the
absence of yeast extract in the culture medium’s composition inhibits the bacterial growth as well as protease production
with collagenolytic and gelatinolytic activity, even by increasing vegetable peptone amount in its composition (evaluated
concentrations of vegetable origin peptone: 3 and 4%). All animal product-free culture media represented in Figure 3
contain 625 mg/L of cysteine hydrochloride and pH of approximately 7.0. The evaluation of the collagenolytic and
gelatinolytic activity was carried out in accordance to what is described in Example 4.

[0145] Figure 4 represents the results of bacterial growth obtained through the culturing of C. histolyticum in growth
medium with pH ranging from 6.5 to 8.5. In the pH range evaluated, only the most basic pH (pH 8.5) negatively influenced
the bacterial growth.

Example 3. Production of animal product-free culture medium for Clostridium histolyticum and standard culture
medium for production of a supernatant comprising proteases with collagenolytic and gelatinolytic activity.

[0146] The culture medium was prepared according to Example 1.

[0147] The animal product-free culture medium of the present invention was prepared using the following ingredients
per liter: vegetable origin peptone (30 g); yeast extract (30 g); cysteine hydrochloride (0.625 g); arginine hydrochloride
(3.75 g) and pH 7.0 (adjusted with 5M NaOH).

[0148] Experiments to demonstrate the surprising effect of the animal product-free culture medium in C. histolyticum
growth defined by present invention and described above were carried out in five different types of culture media com-
prising the following components per liter:

¢ Medium 1: soybean peptone (30 g; NZ-Soy BL4®); yeast extract (30 g; YE 251®); cysteine hydrochloride (0.625
g), pH 7.0 (adjusted with 5M NaOH).

e Medium 2: soybean peptone (30 g; NZ-Soy BL4®); yeast extract (30 g; YE 251®); cysteine hydrochloride (0.625
g), pH 7.0 (adjusted with 5M NaOH) and additional salts and/or amino acids (described in Figure 5).

* Medium 3: soybean peptone (30 g; NZ-Soy BL4®); yeast extract (30 g; YE 251®); cysteine hydrochloride (625 mg),
pH 7.0 (adjusted with 5M NaOH) and additional amino acids (Groups 1 to 6, described in Figure 9).

¢ Medium 4: soybean peptone (30 g; NZ-Soy BL4®); yeast extract (30 g; YE 251®); cysteine hydrochloride (0.625
g), pH 7.0 (adjusted with 5M NaOH) and additionally glycine and/or arginine.

e Medium 5: soybean peptone (30 g; NZ-Soy BL4®); yeast extract (30 g; YE 251®); cysteine hydrochloride (0.625
g), pH 7.0 (adjusted with 5M NaOH) and additional inorganic salts and vitamins (described in Figure 6).

[0149] Other vegetable origin peptones were evaluated relative to the culturing of C. histolyticum for the production
of proteases with collagenolytic and gelatinolytic activity, showing results similar to NZ-Soy BL4®. In the same way, the
different yeast extracts evaluated showed similar results to those of the YE 251® used in the animal product-free culture
media.

[0150] The vegetable peptones and the yeast extracts suitable to provide the animal product-free culture medium are
not limited to the ones used in the examples of this invention. Vegetable peptones and yeast extracts that demonstrate
good solubility in water can be used in the preparation of the culture medium for C. histolyticum according to the present
invention, since they are animal product-free.

[0151] Atftersolubilizing all components of the animal product-free culture medium as described above (except glucose,
present only in the standard medium) in water and adjustment of the pH to 7.0 (5M NaOH), the culture medium was
sterilized in autoclave at 121 °C for 20 minutes.

Example 4. Production of supernatant of Clostridium histolyticum liquid culture comprising one or more pro-
teases with collagenolytic and gelatinolytic activities in an animal product-free culture medium defined in Ex-
ample 3 and standard culture medium defined in Example 1.

[0152] C. histolyticum culture in an animal product-free culture medium was carried out as described in Example 2.
The culture media evaluated are described in Example 3 (media 1 to 5).
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[0153] After 12-14 hours of C. histolyticum culture in the animal product-free culture media described in Example 3,
the bacteria cells were centrifuged and the collagenolytic and gelatinolytic activity of the proteases contained in the
supernatant was quantified. Eight milliliters (8 mL) of the bacterial cultures were centrifuged at 500 rpm for 30 minutes
at 4 °C for the removal of the insoluble material (cells, cell debris, precipitate, among others).

[0154] The protein profile in the supernatant was evaluated through electrophoresis in 7.5% SDS PAGE under non-
reducing conditions (dyed with silver nitrate). The enzymatic activity profile (non-specific) was evaluated in non-reductive
SDS-PAGE comprising 10% of gelatin and dyed with Coomassie blue (zymography). Both analytical methodologies are
broadly known by those skilled in the art.

[0155] The collagenolytic and gelatinolytic activity of the obtained supernatants was quantified through EnzChek®
Gelatinase/Collagenase Assay Kit (Molecular Probes, Invitrogen). Assays were carried out in microplates according to
manufacturer instructions, using gelatin and/or collagen fluoresceine conjugated as substrate. Fluorescence determi-
nations were made using a fluorescence reader. Briefly, 100 pL of the culture supernatant, after centrifugation, were
mixed to the substrate diluted in the incubation buffer prepared according to the manufacturer instructions. Samples
were incubated at 37 oC for 15 minutes and the fluorescence was determined at 515 nm using a fluorescence microplate
reader. As a negative control sterile culture medium was used instead of the culture supernatant. As a positive control,
it was used a Collagenase reagent provided with the kit and prepared according to manufacturer instructions.

[0156] Bacterial growth was determined by optical density - OD - using a spectrophotometer at 600 nm.

[0157] Initially, the animal product-free culture medium supplemented (medium 2; comprising vegetable peptone,
yeast extract and cysteine) with vitamins, inorganic salts and amino acids was evaluated. This experiment demonstrated
a small influence of these additives in cell growth as well as protease expression with collagenolytic and gelatinolytic
activities from supernatant of Clostridium histolyticum liquid culture (Figure 5). Medium 1 was used as a control for this
assay.

[0158] The addition of vitamins, inorganic salts and amino acids to the animal product-free culture medium described
in this invention (medium 5; comprising vegetable peptone, cysteine and arginine) also resulted in a small variation of
the biomass (OD) and collagenolytic and gelatinolytic activity of this culture supernatant. Figure 6 shows these results,
confirming that such vitamin and salt supplementation is optional to the present invention’s culture medium. Medium 1
was used as a control of this assay.

[0159] Qualitative variations (different suppliers) of the vegetable peptone and yeast extract components were also
evaluated (Medium 1 comprising vegetable peptone, yeast extract and cysteine) regarding the supernatant production
of a C. histolyticum culture comprising proteases with collagenolytic and gelatinolytic activities. Figure 7 shows that the
results of collagenolytic and gelatinolytic activities obtained for these cultures are of the same magnitude as the results
obtained for the C. histolyticum culture in standard medium (with animal peptone). Thus, it is observed the need of an
additional ingredient to the culture medium in order to obtain increased collagenolytic and gelatinolytic activity observed
in the supernatant of the C. histolyticum liquid culture, which has been solved by the present invention’s culture medium.
[0160] Figure 8 demonstrates that the C. histolyticum culture in an animal product-free culture medium as described
in the present invention, comprising amino acids cysteine and arginine (medium 4), results surprisingly in a supernatant
with significantly higher collagenolytic and gelatinolytic activity than the supernatant obtained when using animal product-
free culture medium containing only the amino acid cysteine (Medium 1, used as a control of this assay). Such effect is
due to arginine since the addition of another amino acid, for instance glycine, leads to reduction of collagenolytic and
gelatinolytic activity observed.

[0161] Figure 9 shows results of collagenolytic and gelatinolytic activity and OD (600 nm) observed in C. histolyticum
culture in medium 3 (animal product-free culture medium comprising cysteine and amino acid groups). As a control, a
culture using medium 1 was carried out (animal product-free culture medium containing only the amino acid cysteine).
It can be observed that no amino acid or amino acid combination added to the culture medium was able to increase
collagenolytic and gelatinolytic activity, which was surprisingly observed in the supernatant from C. histolyticum liquid
culture comprising amino acid arginine (Figure 8).

[0162] Additionally, itcan observed thatjust 14 hours of fermentation are sufficient to obtain the supernatant comprising
collagenolytic and gelatinolytic enzymes in suitable levels for industrial production, a period inferior to the one generally
used, being this a very important parameter for process of production in industrial scale.

Example 5. Production of a Clostridium histolyticum liquid culture comprising proteases with collagenolytic
and gelatinolytic activities in an animal product-free culture medium - bioreactors culture.

[0163] Initially, the frozen stock culture of Clostridium histolyticum (100 pL) was suspended in 1 mL animal product-
free culture medium (medium 1, as defined below), and then the culture medium was added to final volume of 10 mL
(culture denominated as pre-inoculum). Tubes containing the pre-inoculums were incubated at 370C under anaerobic
conditions for approximately 16 hours.After this period, 3 mL of the aforesaid pre-inoculum was then incubated in 250
mL flasks, containing 150 mL of the respective C. histolyticum culture medium. This was denominated inoculum, and it
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was maintained at 37 ©C during 12-14 hours under anaerobic conditions (attained through the addition of nitrogen gas).
[0164] For the cultures which were carried out in bioreactor (New Brunswick), 60 mL of the inoculum were transferred
to 3 L of C. histolyticum culture medium. As before, such cultures were incubated at 37 oC under anaerobic conditions,
through the addition of nitrogen gas. The pH was monitored and controlled during the entire fermentation period being
maintained in a range of 6.5 and 8.0. Such maintenance was achieved through the addition of 5M NH,OH or 2M H,SO,.
The culture was maintained for about 14 hours, period in which culture has reached its stationary growth phase for at
least 2 hours.

[0165] Two culture media were evaluated, and their composition per liter is as described below:

e Medium 1: soy peptone (30 g; NZ-Soy BL4®); yeast extract (30 g YE 251®); cysteine hydrochloride (0.625 g) and
pH 7.0 (adjusted with 5 M NH,OH after sterilization).

e Medium 6: soy peptone (30 g; NZ-Soy BL4®); yeast extract (30 g YE 251®); cysteine hydrochloride (0.625 g),
arginine hydrochloride (3.75 g) and pH 7.0 (adjusted with 5 M NH,OH after sterilization).

[0166] The process for obtaining a C. histolyticum culture supernatant with collagenolytic and gelatinolytic activities
according to the present invention is detailed below.

1 - Cell bank preparation: a cell bank was prepared using ATCC 21000 strain. It was grown in agar plates in which
the medium was composed of: soy peptone, yeast extract and agar. Colonies with apparent higher cell growth were
isolated and inoculated in cell bank medium containing the same ingredients as the solid medium, with the exception
of agar. In order to preserve the cells during freeze and thaw, thus maintaining its viability, 10% sterile glycerol was
added to the C. histolyticum culture derived from the isolated colonies. This composition was then fractionated into
cryotubes and frozen at -80 oC for future use, such conditions allows the stock cultures to be used for at least 1
year without losing cell viability.

2 - Growth phase (pre-inoculum and inoculum preparation): a cell bank aliquot was rapidly thawed at room
t_emperature ;@ 100 pL aliquot was transferred to 1 mL of an animal product-free culture medium (Medium 1), to
which 9 mL of the same medium was added for bacterial growth at 37 0C under anaerobic conditions for about 16
hours (pre-inoculum). Subsequently, the pre-inoculums were used to generate the inoculums as described previ-
ously.

3 - Fermentation phase (production of supernatant of C. histolyticum liquid culture comprising proteases with col-
lagenolytic and gelatinolytic activities): 60 mL of the inoculum were transferred to a fermenter containing 3 L of
animal product-free culture medium (pH 7.0, Medium 1) and maintained at 37 oC for about 14 hours under anaerobic
conditions, through addition of nitrogen gas. During the culture, the pH was controlled via the addition of 5M NH,OH
when the pH reached values lower than 6.5, or 2MH,SO, when the pH reached values higher than 8.0.

The maximum bacterial growth rate and better proteases with collagenolytic and gelatinolytic activity production
occurred after 14 hours of bacterial fermentation (Figure 10).The same process was carried out using Medium 6 as
animal product-free culture medium described in step 3.

Bacterial growth was monitored through optical density measurements (600 nm) which were performed using a
spectrophotometer every 2 hours of culturing.

The protein and enzymatic supernatant profile obtained from the C. histolyticum cultures described above were
evaluated through gel electrophoresis (7.5% SDS PAGE) under non-reducing conditions and dyed with silver nitrate
(Figure 11) and non-reducing SDS-PAGE comprising 10% gelatin and dyed with Coomassie blue (Figures 10 and
11; zymography).

4 - Obtainment of the supernatant of C. histolyticum liquid culture and proteases with collagenolytic and gelatinolytic
Ectivity recovery: In order to obtain the liquid culture supernatant and recover the collagenolytic and gelatinolytic
enzymes it was followed the same procedure as the one described in Example 4 (centrifugation) and using saline
precipitation followed by dialysis and lyophilization, according to the detailed description showed in Example 6, or
tangential flow filtration (5 KDa pore size) followed by lyophilization. The collagenolytic and gelatinolytic activities
of the supernatant were monitored through fluorimetric assays of detailed in Example 4 (results shown in Figures
10 and 11).

[0167] The results (OD, enzymatic activity and zymography) of two fermentative processes carried out in culture
Medium 1 (Medium 1) are demonstrated in Figure 10

[0168] Figure 11 shows the results (OD, enzymatic activity, SDS-PAGE GEL/silver nitrate and zymography) of a
fermentative process carried out in Medium 6. It can be observed in Figure 11, a bacterial growth curve similar to that
obtained when the fermentation took place in a bioreactor using medium 1 (comprising cysteine only, Figure 10). However
and surprisingly, it can also be observed a significantly higher collagenolytic and gelatinolytic activity, showing that the
addition of arginine to the animal product-free culture medium influences the increase of collagenolytic and gelatinolytic
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enzymes production in C. histolyticum cultures (activity in U/mL).

[0169] Figure 12 shows the comparison of collagenolytic and gelatinolytic activity (mU/mL) and optical density (OD
600 nm) between the culture using Medium 1 (containing only amino acid cysteine) and the culture using Medium 6
(containing cysteine and arginine), clearly showing an increase on average of 30% of the collagenolytic and gelatinolytic
activity yielded in a C. histolyticum culture supernatant. Additionally, images of SDS-PAGE dyed with silver nitrate and
zymography of the supernatants obtained from the C. histolyticum cultures are presented in Figures 10 and 11, portraying
the supernatant quality, predominantly having proteins with high molecular weight, identified here as being collagenases.

Example 6. Recovery of proteases with collagenolytic and gelatinolytic activity obtained from a C. histolyticum
liquid culture supernatant when cultured in an animal product-free culture medium.

[0170] The supernatant comprising the proteases with collagenolytic and gelatinolytic activity was obtained through
the C. histolyticum culture according to Example 5, using Medium 6 (comprising cysteine and arginine) in step 3.
[0171] In order to retrieve the proteases present in the C. histolyticum liquid culture supernatant with collagenolytic
and gelatinolytic activity, 243.73 g of (NH4),SO, was added to 500 mL of supernatant, the mixture was then shaken and
stored in a freezer for 2 h (saline precipitation stage). Subsequently, the mixture was centrifuged at a speed of 8500
rpm for 30 min at 4°C. The material, obtained after the saline precipitation and centrifugation, was resuspended in 12.0
mL of 2 mM sodium phosphate buffer, pH 7.2, and then submitted to dialysis with 2 mM sodium phosphate buffer, pH
7.2. Before the samples were frozen and lyophilized, there were three buffer changes. Lyophilization was carried out
for at least 18 h. The lyophilized material was collected for analysis and characterization.

[0172] The dialyzed supernatant and the lyophilized material were characterized via 7.5% SDS-PAGE gel electro-
phoresis the samples were prepared under non-reducing conditions and stained with silver nitrate. Figure 3 represents
the results acquired through the above mentioned procedure, demonstrating that the supernatant obtained through C.
histolyticum culture in culture medium according to the present invention possesses an excellent quality. Not only, the
proteases processed and lyophilized demonstrated high stability corroborating to the excelled supernatant quality.
Through SDS-PAGE analysis it was possible to notice a predominant presence of high molecular weight proteins (col-
lagenases), which prevalence is increased after lyophilization. The process described for the supernatant lyophilization
shows a good output, since nearly 90% of the initial supernatant enzymatic activity was recovered.

Example 7. Pharmaceutical composition for topical use comprising C. histolyticum collagenases - Stability
Assays

[0173] The pharmaceutical composition used to exemplify the present invention was a dermatological ointment com-
prising the ingredients presented below:

Quantity/ g
Ingredient Formulation 1 | Formulation 2 | Formulation 3
Collagenase 0.2U 0.6U 1.8U
Liquid vaseline - mineral oil 0.0188 mL 0.0188 mL 0.0188 mL
Solid vaseline - MBK 0.9846 g 0.9846 g 0.9846 g

[0174] The specific collagenase activity was determined by enzymatic hydrolysis of a synthetic substrate Carboben-
zoxy-Gly-Pro-Gly-Gly-Pro-Ala, being classified through colorimetric assay with ninhydrin. An enzyme unit is defined as
being responsible for the release of 1 umol of Gly-Pro-Ala from Z-Gly-Pro-Gly-Gly-Pro-Ala hexapeptide in 1 minute at
370C.

[0175] The pharmaceutical composition was prepared through the dispersion of the lyophilized component (amount
equivalent to the specific collagenase activity equal to 0.2 U, 0.6 U and 1.8 U/g of formulation), obtained according to
Example 5 (lyophilized component of the supernatant obtained through a culture using Medium 6 after tangential flow
filtration), in the other excipients and homogenized. The 0.6 U/g dose is considered a therapeutic dose proper for human
use.

[0176] The stability study was carried out with formulation 2 described above, stored in aluminum tubes containing
30 g. The performed tests, specification and observed results are described in Tables 3 and 4. All stability assays were
performed in environmental chambers specific for stability assays.
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Table 3. Long term stability: 30°C =+ 2°C, 75% = 5% UR (Relative Humidity).

ANALYSIS PERIODS
TEST SPECIFICATION
INITIAL 3 months 6 months
ASPECT SOFT, FOREIGN PARTICLES IN IN IN
AND LUMP FREE OINTMENT ACCORDANCE | ACCORDANCE | ACCORDANCE
COLOR WHITE TO LIGHT BROWN IN IN IN
ACCORDANCE | ACCORDANCE | ACCORDANCE
IN IN IN
ODOR DISTINCTIVE ACCORDANCE | ACCORDANCE | ACCORDANCE
COLLAGENASE BETWEEN 90.0 - 120.0% 106.5% 103.3% 107.4%
CONTENT 0.54 - 0.72 U/g 0.64 U/g 0.62 U/g 0.64 U/g
Table 4. Accelerated stability: 40°C = 2°C, 75% = 5% UR (Relative Humidity).
ANALYSIS PERIODS
TEST SPECIFICATION
INITIAL 3 months 6 months
ASPECT SOFT, FOREIGN PARTICLES IN IN IN
AND LUMP FREE OINTMENT ACCORDANCE | ACCORDANCE | ACCORDANCE
COLOR WHITE TO LIGHT BROWN IN IN IN
ACCORDANCE | ACCORDANCE | ACCORDANCE
IN IN IN
ODOR DISTINCTIVE ACCORDANCE | ACCORDANCE | ACCORDANCE
COLLAGENASE BETWEEN 90.0 - 120.0% 106.5% 104.5% 109%
CONTENT 0.54 - 0.72U/g 0.64 U/g 0.63 U/g 0.65 U/g

[0177]

It can be observed the characteristics maintenance of the initial product in both evaluated conditions, confirming

the product quality obtained through culture Medium 6 (comprising cysteine and arginine) and process for obtaining a
supernatant from Clostridium histolyticum liquid culture described in the present invention.

Example 8. Pharmaceutical composition for topic use comprising C. histolyticum collagenases - Toxicity

[0178] The pharmaceutical compositions used to exemplify the presentinvention are the same used to perform stability
assays described above (Example 7).

[0179] It was performed a dermal toxicity assay with repeated doses (21 days) on rats scarified skin with the prepared
compositions according to Example 7 (active ingredient: lyophilized component with specific Collagenase activity of 0.2
U/g, 0.6 U/g and 1.8 U/g). As an assay control, it was used a placebo composition, prepared according to Example 7,
however, without adding the active ingredient.

[0180] The assay, based on the OECD 410 Guideline, consisted in surgically provoking an injury using a 4mm sterile
punch at the center of the dorsal median line on the first day of application (dorsal area hair removed by an epilator
device). A topical application of the composition (0.425g; compositions containing 0.2 U/g, 0.6 U/g and 1.8 U/g of
collagenase), to an area equivalent to 30-40 cmZ2, was done with a spatula, inside and around the injury, once-a-day,
for 21 days. This was performed in three groups of Rattus norvegicus (albino variety, Wistar lineage) in which there were
10 rats per group, 5 males and 5 nulliparous and non-pregnant females.

[0181] The application site was preserved with gauze and a nonirritating tape for about 24 hours after the application.
[0182] Inparallel,toacontrol group composed of 10 rats, 5males and 5 females, only placebo was applied (Collagenase
Placebo). Additionally, two satellite groups were formed, one evaluated with a higher dose of the test composition (10
rats, 5 males and 5 females) and another with the control composition (10 rats, 5 males and 5 females). They were also
treated for 21 days and monitored for 14 days after the final period of exposure, with the intent of verifying reversibility,
persistence or late effects of exposure to a test substance.

[0183] The following parameters were daily observed after each application:
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. Changes in hair and skin.

. Changes in the eyes and mucous membranes.

. Changes in breathing and circulation.

. Changes in the Autonomous and Central Nervous System.

. Changes in somatic-motor activity and standard behavior.

. Other changes like trembling, seizure, salivation, diarrhea, lethargy, sleepiness and coma.

O~ WN -

[0184] The rats’ weight (Table 5), and water and food consumption were recorded weekly. At the end of the study,
blood samples were collected for hematological analysis (hematocrit, hemoglobin concentration, erythrocytes count,
red blood cell indexes calculation, total and differential leukocyte, prothrombin time, activated partial thromboplastin time
and platelets count - Table 6) and biochemical (sodium, potassium, calcium, phosphorus, triglycerides, albumin, creat-
inine, urea, total protein, alanine and aspartate aminotransferases, cholesterol, and glycemia - Table 7). Later, the
animals were submitted to euthanasia and necropsy (Table 8). Tissue samples were forwarded to histopathological
analysis.

[0185] The application of repeated doses (21 days) of the described pharmaceutical composition, in all evaluated
doses, did not induce death, nor changes in clinical evaluations such as body weight, food and water consumption,
hematological, biochemical and/or anatomopathological tests all which could possibly be associated with the exposure
to the active ingredient. Thus, the obtained results demonstrated that the application of the pharmaceutical composition
comprising the lyophilized component (amount equivalent to the specific collagenase activity equal to 0.2 U, 0.6 U and
1.8 U/g formulation), obtained according to Example 5 (supernatant lyophilized component obtained after tangential flow
filtration procedure) over a period of 21 days via dermal exposure to Rattus novergicus in the 0.2 U/g, 0.6 U/g and 1.8
U/g formulations, was well tolerated and did not provoke changes possibly related to toxicity. It may surprisingly be
observed that even with a dose therapeutic three-times superior than that considered for humans, the described com-
position in the present invention does not show signs of toxicity in rats.

Table 5. Body weight (male and female rats). Trial groups for the evaluation of dermal toxicity through repeated doses
(21 days) of topical composition comprising purified supernatant and lyophilized component derived from C.
histolyticum culture (ATCC 21000) using an animal product-free culture medium comprising soy peptone (30 g/L),
yeast extract (30 g/L), cysteine hydrochloride (0.625 g/L) and arginine hydrochloride (3.75 g/L). Control composition:
only with excipients.

Groups- males
0.2 U/g 0.6 U/g 1.8 U/g
WEEKS MEAN S.D n MEAN S.D n MEAN S.D n
0 296.40 22.56 5 302.12 26.92 5 306.56 13.94 5
1 279.14 17.93 5 282.68 28.46 5 292.72 19.68 5
2 283.04 17.54 5 277.10 15.17 5 301.68 15.09 5
3 280.94 19.34 5 273.42 18.43 5 291.20 20.19 5
4
5
Groups - males
Control Satellite-Control 1.8 U/g-Satellite
WEEKS | MEAN S.D n MEAN S.D. n MEAN S.D. n
0 298.68 14.04 5 284.00 39.46 5 311.18 18.05 5
1 279.42 15.00 5 285.16 15.10 5 292.58 15.10 5
2 287.22 19.90 5 293.50 17.76 5 295.92 14.75 5
3 278.96 16.01 5 298.08 16.36 5 300.94 15.77 5
4 328.12 9.95 7 335.12 21.56 5
5 324.26 324.26 324.26 324.26 9.24 5 338.34 17.92 5
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)

Groups -females

0.2 U/g 0.6 U/g 1.8 U/g
WEEKS | MEAN S.D MEAN S.D. MEAN S.D.
0 252.20 21.28 5 221.00 7.89 5 238.86 14.88 5
1 238.02 21.38 5 215.14 15.93 5 226.60 10.31 5
2 247.14 21.54 5 218.36 10.92 5 235.10 12.05 5
3 244.42 15.77 5 212.52 12.20 5 240.98 12.59 5
4
5
Groups -females
Control Satellite-Control 1.8 U/g-Satellite
WEEKS | MEAN S.Dn MEAN MEAN S.D.
0 230.56 19.88 5 252.72 32.44 5 234.16 8.57 5
1 223.60 9.98 5 228.32 11.05 5 226.70 9.75 5
2 235.72 15.04 5 238.44 7.61 7 227.64 8.16 5
3 225.42 13.91 5 247.70 15.98 5 242.98 11.99 5
4 258.32 12.35 5 256.58 9.85 5
5 247.16 6.91 5 247.12 7.71 5
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Table 6. Hematological analysis (male and female rats). Trial groups for the evaluation of dermal toxicity through repeated doses (21 days) of topical composition comprising
purified supernatant and lyophilized derived from C. histolyticum culture (ATCC 21000) in animal product-free culture medium comprising soy peptone (30 g/L), yeast extract
(30 g/L), cysteine hydrochloride (0.625 g/L) and arginine hydrochloride (3.75 g/L). Control composition: only with excipients.

ve

Groups - males
0.2 U/g 0.6 U/g 1.8 U/g

MEAN S.D. n MEAN S.D. n MEAN S.D. n
Erythrocyte mm3 9.68 0.50 5 9.46 0.17 5 9.26 0.53 5
Hematocrit % 54.20 217 5 53.20 0.84 5 53.00 2.12 5
Hemoglobin g/dL 19.06 0.61 5 18.62 0.37 5 18.62 1.03 5
MCV fL 56.02 1.01 5 56.25 1.50 5 57.31 2.18 5
MCH Pg 19.71 0.60 5 19.69 0.64 5 20.11 0.32 5

MCHC mg/dL 35.18 0.69 5 35.00 0.74 5 35.12 0.93
Leucocyte mm3 6060.00 1145.86 5 6700.00 1208.30 5 6140.00 1335.29 5
Segmented mm3 2017.00 780.36 5 1910.00 661.28 5 1698.20 659.76 5
Eosinophil mm3 59.60 36.16 5 28.00 38.66 5 43.80 66.46 5
Lymphocyte mm3 3864.00 842.49 5 4651.80 711.06 5 4292.80 860.02 5
Monocyte mm3 119.40 38.86 5 125.60 56.70 5 105.20 76.67 5
Platelets mm3 1164600.0 111428.5 5 1276200.0 1742461 5 1207800.0 207705.8 5
P T Seg 8.00 0.00 5 8.20 0.45 5 8.60 0.55 5
PaTT Seg 29.80 1.10 5 30.20 0.84 5 30.40 1.14 5

Groups - males
Control Satellite-Control 1.8 U/g-Satellite

MEAN n MEAN S.D. n MEAN S.D. n
Erythrocyte mm3 9.32 0.26 5 9.34 0.34 5 9.30 0.20 5
Hematocrit % 51.60 1.52 5 51.40 2.61 5 52.00 2.74 5
Hemoglobin g/dL 17.88 0.55 5 18.30 0.62 5 18.26 1.04 5
MCV fL 55.38 1.39 5 55.03 1.80 5 55.89 2.00 5
MCH Pg 19.18 0.26 5 19.60 0.45 5 19.62 0.74 5
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Groups - males

Control Satellite-Control 1.8 U/g-Satellite
MEAN n MEAN S.D. n MEAN S.D. n
MCHC mg/dL 34.66 0.72 5 35.63 0.70 5 35.12 0.70 5
Leucocyte mm3 5900.00 1449.14 5 5520.00 884.31 5 6360.00 1099.09 5
Segmented mm3 1824.20 986.49 5 1262.80 408.65 5 1712.40 659.01 5
Eosinophil mm3 38.00 36.99 5 61.80 48.48 5 28.40 39.12 5
Lymphocyte mm3 3946.60 661.89 5 4139.20 731.73 5 4593.20 1082.69 5
Monocyte mm3 91.20 30.55 5 77.00 30.67 5 26.00 36.60 5
Platelets mm3 1078000.0 112712.0 5 983400.0 91971.73 5 1142600.0 210515.6 5
P T Seg 8.00 0.00 4 8.00 0.00 5 8.60 0.55 5
PaTT Seg 29.50 0.58 4 28.20 1.30 5 28.60 1.14 5
Groups - females
0.2 U/g 0.6 U/g 1.8 U/g
MEAN S.D. n MEAN S.D. n MEAN S.D. n
Erythrocyte mm3 8.14 0.46 5 8.32 0.55 5 7.80 0.42 5
Hematocrit % 49.00 1.41 5 49.40 2.70 5 47.00 1.22 5
Hemoglobin g/dL 17.10 0.66 5 16. 80 0.93 5 16.18 0.76 5
MCV fL 60.28 1.86 5 59.44 2.32 5 60.39 3.44 5
MCH Pg 21.04 0.98 5 20.21 0.50 5 20.77 0.93 5
MCHC mg/dL 34.90 0.94 5 34.02 0.86 5 34.42 1.28 5
Leucocyte mm3 4860.00 1062.07 5 4880.00 846.76 5 5020.00 1551.45 5
Segmented mm3 1364.80 402.06 5 1123.00 332.24 5 1328.00 437.38 5
Eosinophil mm3 52.20 45.37 5 12.40 27.73 5 9.40 21.02 5
Lymphocyte mm3 3382.00 693.01 5 3659.00 646.94 5 3625.80 1134.61 5
Monocyte mm3 61.00 36.01 5 85.60 34.67 5 56.80 13.22 5
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Groups - females

0.2 U/g 0.6 U/g 1.8 U/g

MEAN S.D. n MEAN S.D. n MEAN S.D. n

Platelets mm3 1132400 222246.0 5 1114600.0 91876.55 1011000.0 148403.2
P T Seg 8.40 0.89 5 8.00 0.00 5 8.40 0.89 5
PaTT Seg 30.60 1.14 5 30.00 0.71 5 30.00 0,71 5

Groups - females

Control Satellite-Control 1,8 U/g-Satellite
MEAN S.D. n MEAN S.D. n MEAN S.D. n
Erythrocyte mm3 8.36 0.61 5 8.76 0.41 5 8.60 0.42 5
Hematocrit % 48.20 1.48 5 50.40 2.07 5 49.00 0.71 5
Hemoglobin g/dL 17.04 0.44 5 17.82 1.07 5 17.62 0.50 5
MCV fL 57.82 3.12 5 57.55 0.96 5 57.10 3.21 5
MCH Pg 20.45 1.31 5 20.33 0.43 5 20.54 1.35 5
MCHC mg/dL 35.36 0.71 5 35.34 1.04 5 35.96 0.85 5
Leucocyte mm3 5180.0 1377.32 5 4440.00 1078.42 5 5280.00 1637.68 5
Segmented 1386.0 450.85 5 815.60 439.77 5 995.60 415.46 5
Eosinophil mm3 27.60 26.14 5 65.20 67.48 5 43.00 29.01 5
Lymphocyte mm3 3661.6 996.95 5 3497.20 783.17 5 4127.20 1452.48 5
Monocyte mm3 104.8 95.46 5 62.00 44.32 5 114.20 71.51 5
Platelets mm3 1050600 200655.9 5 1002000.0 86743.88 5 1028400.0 33080.21 5
P T Seg 8.20 0.45 5 8.20 0.84 5 8.40 0.55 5
PaTT Seg 30.00 0.00 5 28.60 0.55 5 29.00 1.00 5
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Table 7. Biochemical analysis (male and female rats). Trial groups for the evaluation of dermal toxicity through
repeated doses (21 days) of topical composition comprising purified supernatant and lyophilized derived from C.
histolyticum culture (ATCC 21000) in animal product-free culture medium comprising soy peptone (30 g/L), yeast

extract (30 g/L), cysteine hydrochloride (0.625 g/L) and arginine hydrochloride (3.75 g/L). Control composition: only
with excipients.
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Groups - males
0.2 U/g 0.6 U/g 1.8 Ulg
MEAN S.D. n MEAN S.D. MEAN S.D.
Albumin g/dl 4.58 0.13 5 4.46 0.15 5 4.60 0.25 5
ALT UI/L 67.86 8.03 5 58.92 5.05 5 62.00 8.86 5
AST UI/L 143.66 14.39 5 130.38 18.78 5 138.00 22.03 5
Calcium mg/dI 10.46 0.54 5 10.34 0.46 5 10.68 0.49 5
Total 57.16 2.56 5 64.74 9.64 5 56.74 4.61 5
Cholesterol
mg/dl
Creatinine 0.36 0.05 5 0.32 0.08 5 0.36 0.05 5
mg/dl
Phosphorus 7.84 0.65 5 7.44 0.54 5 8.30 0.80 5
mg/dl
Glucose mg/dl 96.00 9.43 5 97.60 12.18 5 93.60 11.28 5
Potassium 6.20 0.66 5 5.24 0.49 5 5.88 0.63 5
mEq/L
Total Proteins 5.80 0.19 5 5.74 0.23 5 5.90 0.19 5
g/dl
Sodium 141.40 3.36 5 142.60 0.89 5 141.20 3.35 5
mEq/L
Triglycerides 39.04 5.66 5 35.86 6.34 5 34.78 6.36 5
mg/dl
Urea mg/dl 57.62 8.41 5 60.16 7.49 5 58.56 1.78 5
Groups - males
Control Satellite-Control 1,8 U/g-Satellite
MEAN S.D. n MEAN S.D MEAN D.P.
Albumin g/ dl 4.46 0.13 5 4.70 0.16 5 4.72 0.22 5
ALT UI/L 63.80 16.36 5 53.36 9.38 5 54.14 13.51 5
AST UI/L 155.12 18.16 115.00 16.16 5 112.18 30.71 5
Calcium mg/dI 10.38 0.29 5 10.70 0.57 5 10.68 0.25 5
Total 61.72 7.43 5 59.52 6.40 5 69.50 14.49 5
Cholesterol
mg/dl
Creatinine 0.38 0.04 5 0.42 0.04 5 0.36 0.05 5
mg/dl
Phosphorus 8.22 0.72 5 7.54 0.77 5 7.88 0.69 5
mg/dl
Glucose mg/dI 88.20 8.29 5 106.80 24.24 5 104.20 7.89 5
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(continued)

Groups - males

Control Satellite-Control 1,8 U/g-Satellite
MEAN S.D. n MEAN S.D n MEAN D.P.
Potassium 7.00 1.14 5 6.12 0.29 5 6.32 0.32 5
mEq/L
Total Proteins 5.66 0.30 5 6.30 0.16 5 6.42 0.33 5
g/dl
Sodium 158.00 27.40 5 142.60 1.14 5 141.60 1.82 5
mEq/L
Triglycerides 43.30 7.58 5 57.66 9.18 5 67.49 46.41 5
mg/dl
Urea mg/dI 60.86 2.29 5 56.58 6.25 5 56.20 4,26 5
Groups - females
0.2 U/g 0.6 U/g 1.8 Ulg
MEAN S.D. n MEAN S.D: n MEAN S.D.
Albumin g/dl 4.70 0.17 5 4.44 0.17 5 4.64 0.11 5
ALT UI/L 66.46 15.07 5 69.38 14.48 5 61.56 8.22 5
AST UI/L 150.92 17.67 5 184.06 50.29 5 158.72 26.90 5
Calcium mg/dl | 10.80 80 0.71 5 10.32 0.43 5 10.62 0.35 5
Total 53.68 11.37 5 47.74 8.86 5 48.32 8.44 5
Cholesterol
mg/dl
Creatinine 0.38 0.08 5 0.42 0.08 5 0.30 0.07 5
mg/dl
Phosphorus 7.66 1.28 5 8.24 1.75 5 8.06 1.85 5
mg/dl
Glucose mg/dl 90.80 12.38 5 93.60 12.05 5 95.20 20.03 5
Potassium 6.04 0.87 5 6.08 1.26 5 7.20 2.07 5
mEq/L
Total Proteins 6.02 0.19 5 5.90 0.07 5 5.96 0.13 5
g/dl
Sodium 154.40 25.52 5 142.20 1.30 5 166.40 29.07 5
mEq/L
Triglycerides 39.34 7.38 5 33.08 3.88 5 44.84 13.32 5
mg/dl
Urea mg/dI 57.42 3.85 5 63.54 7.95 5 57.02 12.79 5
Groups - females
Control Satellite-Control 1,8 U/g-Satellite
MEAN S.D. n MEAN S.D. n MEAN S.D. n

Albumin g/dl 4.54 0.15 5 5.04 0.29 5 4.84 0.18 5
ALT U I/L 49.04 9.68 5 37.38 5.90 5 41.88 15.63 5
AST U I/L 173.02 28.78 5 97.82 9.16 5 124.84 17.31 5
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(continued)
Groups - females
Control Satellite-Control 1,8 U/g-Satellite
MEAN S.D. MEAN S.D. MEAN S.D.
Calcium mg/dI 10.33 0.34 10.64 0.25 10.64 0.21
Total 39.74 3.50 43.70 14.02 36.15 7.24
Cholesterol
mg/dl
Creatinine 0.36 0.05 0.44 0.09 0.42 0.04
mg/dl
Phosphorus 7.70 0.84 6.06 0.30 7.16 0.48
mg/dl
Glucose mg/dl 89.80 13.29 110.40 13.46 100.40 15.50
Potassium 5.92 0.33 5.60 0.35 6.18 0.46
mEq/L
Total Proteins 5.76 0.30 6.74 0.13 6.54 0.23
g/dl
Sodium 141.20 4.44 142.60 1.14 142.60 0.89
mEq/L
Triglycerides 35.14 4.26 46.76 11.39 45.54 4.70
mg/ dl
Urea mg/dI 56.74 3.94 52.90 4.48 54.26 4.90

Table 8. Organs weight analysis (male and female rats). Trial groups for the evaluation of dermal toxicity through

repeated doses (21 days) of topical composition comprising purified supernatant and lyophilized derived from C.

histolyticum culture (ATCC 21000) in animal product-free culture medium comprising soy peptone (30 g/L), yeast
extract (30 g/L), cysteine hydrochloride (0.625 g/L) and arginine hydrochloride (3.75 g/L). Control composition: only
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with excipients.

Groups - males
0.2 U/g 0.6 U/g 1.8 U/lg

MEAN S.D. MEAN S.D. MEAN S.D.
Liver 9.4932 0.7372 9.2295 0.7889 9.7103 0.9560
Absolute
(9)
Liver 0.0338 0.0022 0.0338 0.0023 0.0333 0.0010
Relative
Kidneys 2.4209 0.0849 2.2266 0.1520 2.4551 0.2097
Absolute
(9)
Kidneys 0.0086 0.0005 0.0082 0.0004 0.0084 0.0003
Relative
Adrenal 0.1014 0.0078 0.0968 0.0144 0.1026 0.0108
Absolute
(9)
Adrenal 0004 0.0000 0.0004 0.0001 0.0004 0.0000
Relative
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(continued)
Groups - males
0.2 U/g 0.6 U/g 1.8 U/lg
MEAN S.D. MEAN S.D. MEAN S.D.
Testicles 3.5685 0.2740 3.1856 0.3267 3.4118 0.0909
Absolute.
Testicles 0.0127 0.0010 0.0116 0.0005 0.0118 0.0007
Relative
Test- 280.94 19.34 273.42 18.43 291.20 20.19
Systems
(9
Groups - males
Control Satellite-Control 1.8 U/g-Satellite
MEAN S.D. MEAN S.D. MEAN S.D.
Liver 9.0665 0.6492 10.4859 1.0222 11.7093 0.8423
Absolute
(9
Liver 0.0325 0.0013 0.0323 0.0024 0.0346 0.0010
Relative
Kidneys 2.2151 0.0912 2.6912 0.2611 2.6810 0.2522
Absolute
(9
Kidneys 0.0080 0.0004 0.0083 0.0006 0.0079 0.0009
Relative
Adrenal 0.0919 0.0124 0.1212 0.0120 0.1168 0.0085
Absolute
(9
Adrenal 0.0003 0.0000 0.0004 0.0000 0.0003 0.0000
Relative
Testicles 3.1967 0.1139 3.5597 0.2256 3.5676 0.3147
Absolute.
Testicles 0.0115 0.0007 0.0110 0.0007 0.0106 0.0011
Relative
Test- 278.96 16.01 324.26 9.24 338.34 17.92
Systems
(9
Groups - females
0.2 U/g 0.6 U/g 1.8 U/lg
MEAN S.D. MEAN S.D. MEAN S.D.
Liver 8.5915 0.4047 7.3860 0.8336 9.0608 0.1947
Absolute
(9
Liver 0.0352 0.0017 0.0347 0.0028 0.0377 0.0015
Relative
Kidneys 1.9906 0.1441 1.7287 0.1963 1.9488 0.0750
Relative 0.0082 0.0009 0.0081 0.0007 0.0081 0.0003
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(continued)
Groups - females
0.2 U/g 0.6 U/g 1.8 U/lg

MEAN S.D. n MEAN S.D. n MEAN S.D. n
Adrenal 0.1230 0.0139 5 0.1155 0.0189 5 0.1180 0.0201 5
Absolute
(9
Adrenal 0.0005 0.0001 5 0.0005 0.0001 5 0.0005 0.0001 5
Relative
Test- 244 .42 15.77 5 212.52 12.20 5 240.98 12.59 5
systems
(9

Control Satellite-Control 1.8 U/g-Satellite

MEAN S.D. n MEAN S.D. MEAN S.D. n
Liver 7.4838 0.3414 5 7.8360 0.3740 5 7.7555 0.5574 5
Absolute
(9
Liver 0.0332 0.0007 5 0.0317 0.0010 5 0.0314 0.0018 5
Relative
Kidneys 1.8299 0.0613 5 1.9183 0.1122 5 1.9155 0.1215 5
Absolute
(9
Kidneys 0.0081 0.0005 5 0.0078 0.0005 5 0. 0078 0.0005 5
Relative
Adrenal 0.1008 0.0071 5 0.1257 0.0184 5 0.1211 0.0158 5
Absolute
(9
Adrenal 0.0004 0.0000 5 0.0005 0.0001 5 0.0005 0.0001 5
Relative
Test- 225.42 13.91 5 247.16 6.91 5 247.12 7.71 5
systems
(9

Example 9. Production of supernatant of C. histolyticumliquid culture (ATCC 21000 and T248 strains) comprising
proteases with collagenolytic and gelatinolytic activities in animal product-free culture medium - bioreactors
culture.

[0186] The bioreactors cultures for evaluated supernatants production and the analytical methods were carried out
as previously described in Example 5, using Medium 6 (comprising cysteine and arginine) as medium in step 3.
Figure 14 shows a comparative analysis of the collagenolytic and gelatinolytic activities (mU/mL) and optical density
(OD 600 nm) between Clostridium histolyticum ATCC 21000 and T248 cultures. There is no significant difference (sta-
tistical analysis: Mann Whitney, p <0.05) between the collagenolytic and gelatinolytic activity of the supernatants obtained
from the culture of both C. histolyticum strains.

Example 10. Cytotoxicity test of collagenolytic and gelatinolytic proteases obtained from Clostridium histolyticum (ATCC
21000 e T248) liquid culture supernatant using an animal product-free culture medium.

[0187] The collagenolytic and gelatinolytic proteases were obtained according to Example 6 (lyophilize samples).

[0188] The cells used in the cytotoxicity test were of fibroblastic type, from a lineage established in V79 clone M-8
cultures from Chinese Hamster (Cricetulus griseus) lung. The fibroblasts were maintained in 25cm?2 culture flasks (TPP,
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Techno Plastic Products AG, Trasadingen, Switzerland) until the confluence density was achieved. The culture was
carried out (performed) in DMEM culture medium supplemented with 10% of bovine calf serum (Nutricell), 100 Ul/mL
of penicillin and 100wg/mL of streptomycin sulfate(Nutricell), in a 37°C incubator with humidified atmosphere with 5%
CO, (Melo et al., 2000, 2001).

[0189] The cytotoxicity test was performed in 96 well plates (IWAKI, Asahi Techno Glass, Co., Funabasi, Japan), with
3 x 104 cells/mL in each well, followed by a 48 hour incubation at 37°C period. The initial cellular viability was verified
through a Trypan Blue exclusion test. After the incubation period of 48 hours the medium was replaced by a supplemented
DMEM medium with different concentrations (up to 1 mg/mL) of the freeze-dried samples, described below:

Sample Origin Strains
1 acquired from third-parties -
2 acquired from third-parties -
3 Obtained according to the presentinvention (Example6) | ATCC 21000
4 Obtained according to the presentinvention (Example6) | ATCC 21000
5 Obtained according to the presentinvention (Example 6) T248

[0190] After 24 hours of treatment, the cultures were processed according to specific test protocols in order to determine
acid nucleic content, neutral red incorporation (NR) and MTT reduction (MTT).

[0191] The collagenolytic and gelatinolytic proteases obtained from C. histolyticum cultures according to the present
invention did not demonstrate cytotoxicity, as observed in the results presented in Table 9.

Table 9. Cytotoxicity test results of collagenolytic and gelatinolytic proteases obtained from C. histolyticum cultures,
ATCC 21000 e T248, supernatants produced according to the present invention, and collagenolytic and gelatinolytic
proteases present in the raw material acquired from third parties.

IC50 (mg/mL) IC50 (U/mL)
Activity
Sample (Ulg) MTT VN nucleic MTT VN nucleic
acids acids
1 2214.00 0.35 0.35 0.35 0.69 0.69 0.648
2 2090.00 0.33 0.31 0.31 0.69 0.69 0.648
3 2429.00 * 0.90 0.90 2.43 2.43 2.186
4 3073.00 * * * 3.07 3.07 3.073
5 3646.00 0.20 0.20 0.20 0.73 0.73 0.729
Claims

1. An animal product-free culture medium for bacteria of the genus Clostridium comprising water, non-animal origin
peptone, or its derivatives, yeast extract and the amino acids cysteine and arginine, or pharmaceutically acceptable
salts thereof.

2. The culture medium according to claim 1, wherein the non-animal origin peptone is a vegetable peptone selected
from the group consisting of soy, cotton, wheat, sunflower, rice, peanuts, fava bean, peas, potato, corn and mixtures
thereof.

3. The culture medium according to claim 2, wherein the vegetable peptone is a soy peptone selected from the group
consisting of Hy Soy, Soytone, Amisoy, NZ Soy BL4, NZ Soy BL7, Hy Pep 1510, Hy Pep 1511, , Stedygro Soy
SE50M, Proyield Soy, SES0MAF-UF, Soy peptone 312, and mixtures thereof.

4. The culture medium according to claim 1, wherein the yeast extract is selected from the group consisting of Bacto

YE, Hy-Pep YE, Hy-Yeast 412, Hy-Yeast 413, Hy-Yeast 502, Hy-Yeast 501, Hy-Yeast 503 Prodex 710 SD, Prodex
NS70SD, Pronal 5001, YE 11, YE 151, YE 251, YE 70161, YE Y4250, Synth, YE 207, YE 5114 and mixtures thereof.
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The culture medium according to claim 1, wherein the bacteria is Clostridium histolyticum, the non-animal origin
peptone is NZ soy BL4, the yeast extractis YE 251, the cysteine is cysteine hydrochloride and the arginine is arginine
hydrochloride.

The culture medium according to claim 1, wherein the concentration of non-animal origin peptone ranges from 0.5%
to 5% w/v, yeast extract from 0.5% to 5% w/v, cysteine, or its pharmaceutically acceptable salts, from 0.01% to
0.1% w/v, and arginine, or its pharmaceutically acceptable salts, from 0.1% to 1% w/v.

Culture medium according to claim 6, wherein the concentration of non-animal origin peptone is 3% w/v, yeast
extract is 3% w/v, cysteine, or its pharmaceutically acceptable salts, is 0.0625% w/v and arginine, or its pharma-
ceutically acceptable salts, is 0.375% w/v.

The culture medium according to claim 1, further comprising one or more additives selected from the group consisting
of agent for adjustment of pH from 7 to 8, reducing agent, inorganic salts and vitamins.

The culture medium according to claim 8, wherein the reducing agent is selected from the group consisting of sodium
thioglycolate, sodium bisulphite, iron salts, glucose and mixtures thereof; the inorganic salts are selected from the
group consisting of NaCl, KCI, Na2HPO4, NaH2P0O4, KH2P0O4,K2HPO4, MgS0O4, FeSO4, MnSO4 and mixtures
thereof; and the vitamins are selected from the group consisting of biotin, pimelic acid, nicotinamide, calcium pan-
tothenate, folic acid, thiamine nitrate, riboflavin, 4-aminobenzoic acid (PABA) and mixtures thereof.

Culture medium according to claim 1, which is liquid and sterile.

Culture medium according to claim 1, for use in a process for producing Clostridium histolyticum liquid culture
supernatant comprising one or more proteases with collagenolytic and gelatinolytic activity.

A process for producing supernatant of Clostridium histolyticum liquid culture comprising one or more proteases
with collagenolytic and gelatinolytic activity comprising the following steps:

a) providing a sterile animal product-free culture medium comprising water, vegetable-origin peptone, yeast
extract and cysteine or its pharmaceutically acceptable salts;

b) culturing an aliquot of the Clostridium histolyticum stock culture in the culture medium in step (a), under
anaerobic conditions at about 37°C before reaching the stationary growth phase in order to obtain an inoculum;
c) providing a sterile animal product-free culture medium for Clostridium bacteria according to claim 1;

d) adding to the culture medium in step (c) a volume of inoculum from step (b) equal to or lower than 10% of
the final volume of the medium defined in (c);

e) culturing the C. histolyticum obtained in (d) under anaerobic conditions at about 37°C until the stationary
growth phase is attained;

f) removing cellular material and other particulate matter from the liquid phase of the culture in step (e), yielding
a supernatant comprising one or more proteases with collagenolytic and gelatinolytic activity.

The process according to claim 12, wherein the step (b) comprising at least the following steps: 1) culturing a stock
culture in the culture medium from step (a) in a ratio of 0.1:1 v/v for about 16 hours in order to obtain a pre-inoculum;
2) adding to the pre-inoculum obtained in step 1) a culture medium volume from step (a) equal to or higher than the
double of the culture medium volume from step 1) and maintaining the culture for about 12 hours in order to obtain
an inoculum.

The process according to claim 12, wherein the C. histolyticum culture during the step (e) involves the addition of
one or more agents to adjustment pH in sufficient amount to maintain the culture medium pH from 6.5 to 8.0 and
wherein the step (f) is carried out through filtration, centrifugation or both.

The process according to claim 12, comprising one or more additional steps for the purification of one or more
collagenolytic and gelatinolytic proteases from the supernatant obtained in step (f).

The process according to claim 12, wherein the animal product-free culture medium employed in step(a) comprises

water, 0.5% to 5% w/v of vegetable peptone, 0.5% to 5% w/v of yeast extract, 0.01% to 0.1% w/v of cysteine, or its
pharmaceutically acceptable salts, and pH between 6.5 and 8.0.
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The process according to claim 16, wherein the culture medium comprises water, 3% w/v of vegetable peptone,
3% wiv of yeast extract, 0.0625% w/v of cysteine, or its pharmaceutically acceptable salts, and pH between 6.5 and
8.0.

The process according to claim 12, wherein the animal product-free culture medium employed in step(c) comprises
water, 3% w/v of vegetable peptone, 3% w/v of yeast extract, 0.0625% w/v of cysteine, or its pharmaceutically
acceptable salts, 0.375% w/v of arginine, or its pharmaceutically acceptable salts, and pH between 7.0 and 8.0.

Patentanspriiche

1.

10.

1.

Tierproduktfreies Kulturmedium fiir Bakterien der Gattung Clostridium, das Wasser, Pepton nichttierischen Ur-
sprungs oder Derivate davon, Hefeextrakt und die Aminosduren Cystein und Arginin oder pharmazeutisch unbe-
denkliche Salze davon umfasst.

Kulturmedium nach Anspruch 1, wobei das Pepton nichttierischen Ursprungs ein pflanzliches Pepton ist, das aus
der Gruppe ausgewahlt ist, bestehend aus Soja, Baumwolle, Weizen, Sonnenblume, Reis, Erdnlissen, Ackerbohne,
Erbsen, Kartoffel, Mais und Mischungen davon.

Kulturmedium nach Anspruch 2, wobei das pflanzliche Pepton ein Sojapepton ist, das aus der Gruppe ausgewahlt
ist, bestehend aus Hy Soy, Soytone, Amisoy, Nz Soy BL4, NZ Soy BL7, Hy Pep 1510, Hy Pep 1511, Stedygro Soy
SE50M, Proyield Soy, SES0MAF-UF, Soy peptone 312 und Mischungen davon.

Kulturmedium nach Anspruch 1, wobei das Hefeextrakt aus der Gruppe ausgewahlt ist, bestehend aus Bacto YE,
Hy-Pep YE, Hy-Yeast 412, Hy-Yeast 413, Hy-Yeast 502, Hy-Yeast 501, Hy-Yeast 501, Hy-Yeast 503 Prodex 710
SD, Prodex NS70SD, Pronal 5001, YE 11, YE 151, YE 251, YE 70161, YE Y4250, Synth, YE 207, YE 5114 und
Mischungen davon.

Kulturmedium nach Anspruch 1, wobei die Bakterien Clostridium histolyticum sind, das Pepton nichttierischen Ur-
sprungs NZ soy BL4 ist, das Hefeextrakt YE 251 ist, das Cystein Cysteinhydrochlorid ist und das Arginin Arginin-
hydrochlorid ist.

Kulturmedium nach Anspruch 1, wobei die Konzentration von Pepton nichttierischen Ursprungs im Bereich von 0,5
bis 5 % Gew./Vol. liegt, von Hefeextrakt im Bereich von 0,5 bis 5 % Gew./Vol. liegt, von Cystein oder pharmazeutisch
unbedenklichen Salzen davon im Bereich von 0,01 bis 0,1 % Gew./Vol. liegt und von Arginin oder pharmazeutisch
unbedenklichen Salzen davon im Bereich von 0,1 bis 1 % Gew./Vol. liegt.

Kulturmedium nach Anspruch 6, wobei die Konzentration von Pepton nichttierischen Ursprungs 3 % Gew./Vol.
betragt, von Hefeextrakt 3 % Gew./Vol. betragt, von Cystein oder pharmazeutisch unbedenklichen Salzen davon
0,0625 % Gew./Vol. betragt und von Arginin oder pharmazeutisch unbedenklichen Salzen davon 0,375 % Gew./Vol.
betragt.

Kulturmedium nach Anspruch 1, das ferner einen oder mehrere Zusatzstoffe umfasst, die aus der Gruppe ausgewahlt
sind, bestehend aus einem M ittel zum Anpassen des pH-Werts auf 7 bis 8, einem Reduktionsmittel, anorganischen
Salzen und Vitaminen.

Kulturmedium nach Anspruch 8, wobei das Reduktionsmittel aus der Gruppe ausgewahlt ist, bestehend aus Natri-
umthioglycolat, Natriumbisulfit, Eisensalzen, Glucose und Mischungen davon; die anorganischen Salze aus der
Gruppe ausgewahlt sind, bestehend aus NaCl, KCI, Na2HPO4, NaH2PO4, KH2P0O4, K2HPO4, MgS04, FeS04,
MnSO4 und Mischungen davon; und die Vitamine aus der Gruppe ausgewahlt sind, bestehend aus Biotin, Pime-
linsaure, Nikotinamid, Calciumpantothenat, Folsaure, Thiaminnitrat, Riboflavin, 4-Aminobenzoesaure (PABA) und
Mischungen davon.

Kulturmedium nach Anspruch 1, das flissig und steril ist.
Kulturmedium nach Anspruch 1 zur Verwendung in einem Verfahren zum Produzieren eines Clostridiumhistolyti-

cum-Flussigkulturliberstands, der eine oder mehrere Proteasen mit kollagenolytischer und gelatinolytischer Aktivitat
umfasst.
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Verfahren zum Produzieren eines Clostridiumhistolyticum-Flissigkulturiiberstands, der eine oder mehrere Protea-
sen mit kollagenolytischer und gelatinolytischer Aktivitdt umfasst, das die folgenden Schritte umfasst:

a) Bereitstellen eines sterilen tierproduktfreien Kulturmediums, das Wasser, Pepton pflanzlichen Ursprungs,
Hefeextrakt und Cystein oder pharmazeutisch unbedenkliche Salze davon umfasst;

b) Kultivieren einer Teilprobe der Clostridiumhistolyticum-Stammkultur im Kulturmedium in Schritt (a) unter
anaeroben Bedingungen bei ungefahr 37 °C, bevor die stationdre Wachstumsphase erreicht wird, um ein Ino-
kulum zu erhalten;

c) Bereitstellen eines sterilen tierproduktfreien Kulturmediums fiir Clostridium-Bakterien nach Anspruch 1;

d) Hinzufligen eines Volumens des Inokulums von Schritt (b) zum Kulturmedium in Schritt (c), das kleiner gleich
10 % des Endvolumens des in (c) definierten Mediums ist;

e) Kultivieren des C. histolyticum, das in (d) erhalten wird, unter anaeroben Bedingungen bei ungeféhr 37 °C,
bis die stationare Wachstumsphase erreicht ist;

f) Entfernen von Zellmaterial und anderer partikelférmiger Materie aus der Flissigphase der Kultur in Schritt
(e), wobei ein Uberstand erhalten wird, der eine oder mehrere Proteasen mit kollagenolytischer und gelatino-
lytischer Aktivitdt umfasst.

Verfahren nach Anspruch 12, wobei Schritt (b) zumindest die folgenden Schritte umfasst: 1) Kultivieren einer Stamm-
kultur im Kulturmedium aus Schritt (a) in einem Verhaltnis von 0,1:1 Vol./Vol. fiur ungefahr 16 Stunden, um ein
Prainokulum zu erhalten; 2) Hinzufiigen eines Kulturmediumvolumens aus Schritt (a) zu dem in Schritt 1) erhaltenen
Prainokulum, das gréRer gleich dem Doppelten des Kulturmediumvolumens von Schritt 1) ist, und Halten der Kultur
fur ungefahr 12 Stunden, um ein Inokulum zu erhalten.

Verfahren nach Anspruch 12, wobei die C.-histolyticum-Kultur wahrend Schritt (e) das Hinzufligen eines oder meh-
rerer Mittel zum Einstellen des pH-Werts in einer Menge umfasst, die ausreichend ist, um den pH-Wert des Kultur-
mediums auf 6,5 bis 8,0 zu halten, und wobei Schritt (f) durch Filtration, Zentrifugation oder beides durchgefiihrt wird.

Verfahren nach Anspruch 12, das ein oder mehrere zusatzliche Schritte zum Reinigen einer oder mehrerer kolla-
genolytischer und gelatinolytischer Proteasen aus dem in Schritt (f) erhaltenen Uberstand umfasst.

Verfahren nach Anspruch 12, wobei das in Schritt (a) verwendete tierproduktfreie Kulturmedium Wasser, 0,5 bis 5
% Gew./Vol. pflanzliches Pepton, 0,5 bis 5 % Gew./Vol. Hefeextrakt, 0,01 bis 0,1 % Gew.-/Vol. Cystein oder phar-
mazeutisch unbedenkliche Salze davon umfasst und einen pH-Wert zwischen 6,5 und 8,0 aufweist.

Verfahren nach Anspruch 16, wobei das Kulturmedium Wasser, 3 % Gew.-/Vol. pflanzliches Pepton, 3 % Gew.-/Vol.
Hefeextrakt, 0,0625 % Gew.-/Vol. Cystein oder pharmazeutisch unbedenkliche Salze davon umfasst und einen pH-
Wert zwischen 6,5 und 8,0 aufweist.

Verfahren nach Anspruch 12, wobei das in Schritt (c) verwendete tierproduktfreie Kulturmedium Wasser, 3 %
Gew.-/Vol. pflanzliches Pepton, 3 % Gew.-/Vol. Hefeextrakt, 0,0625 % Gew.-/\Vol. Cystein oder pharmazeutisch
unbedenkliche Salze davon, 0,375 % Gew./Vol Arginin oder pharmazeutisch unbedenkliche Salze davon umfasst
und einen pH-Wert zwischen 7,0 und 8,0 aufweist.

Revendications

Milieu de culture exempt de produits animaux pour des bactéries du genre Clostridium comprenant de I'eau, une
peptone d’origine non animale, ou ses dérivés, un extrait de levure et les acides aminés cystéine et arginine, ou
des sels de ceux-ci pharmaceutiquement acceptables.

Milieu de culture selon la revendication 1, dans lequel la peptone d’origine non animale est une peptone végétale
sélectionnée dans le groupe consistant en le soja, le coton, le blé, le tournesol, le riz, la cacahueéte, la feve, le pois,
la pomme de terre, le mais et des mélanges de celles-ci.

Milieu de culture selon la revendication 2, dans lequel la peptone végétale est une peptone de soja sélectionnée

dans le groupe consistant en Hy Soy, Soytone, Amisoy, NZ Soy BL4, NZ Soy BL7, Hy Pep 1510, Hy Pep 1511,
Stedygro Soy SE50M, Proyield Soy, SES0MAF-UF, Soy peptone 312, et des mélanges de celles-ci.
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Milieu de culture selon la revendication 1, dans lequel I'extrait de levure est sélectionné dans le groupe consistant
en le Bacto YE, Hy-Pep YE, Hy-Yeast 412, Hy-Yeast 413, Hy-Yeast 502, Hy-Yeast 501, Hy-Yeast 503, Prodex 710
SD, Prodex NS70SD, Pronal 5001, YE 11, YE 151, YE 251, YE 70161, YE Y4250, Synth, YE 207, YE 5114 et des
mélanges de ceux-ci.

Milieu de culture selon la revendication 1, dans lequel la bactérie est Clostridium histolyticum, la peptone d’origine
non animale est NZ soy BL4, 'extrait de levure est YE 251, la cystéine est le chlorhydrate de cystéine et I'arginine
est le chlorhydrate d’arginine.

Milieu de culture selon la revendication 1, dans lequel la concentration de la peptone d’origine non animale est
comprise entre 0,5 % et 5 % p/v, I'extraitde levure entre 0,5 % et 5 % p/v, lacystéine, ou ses sels pharmaceutiquement
acceptables, entre 0,01 % et 0,1 % p/v, et I'arginine, ou ses sels pharmaceutiquement acceptables, entre 0,1 % et
1% piv.

Milieu de culture selon la revendication 6, dans lequel la concentration de la peptone d’origine non animale est 3
% plv, I'extrait de levure est 3 % p/v, la cystéine, ou ses sels pharmaceutiquement acceptables, est 0,0625 % p/v,
et 'arginine, ou ses sels pharmaceutiquement acceptables, est 0,375 % p/v.

Milieu de culture selon la revendication 1, comprenant en outre un ou plusieurs additifs sélectionnés dans le groupe
consistant en un agent pour I'ajustement du pH entre 7 et 8, un agent réducteur, des sels inorganiques et des
vitamines.

Milieu de culture selon la revendication 8, dans lequel 'agent réducteur est sélectionné dans le groupe consistant
en le thioglycolate de sodium, le bisulfite de sodium, des sels de fer, le glucose et des mélanges de ceux-ci ; les
sels inorganiques sont sélectionnés dans le groupe consistant en le NaCl, KCI, Na2HPO4, NaH2PO4, KH2P0O4,
K2HPO4, MgS04, FeS0O4, MnSO4 et des mélanges de ceux-ci ; et les vitamines sont sélectionnées dans le groupe
consistant en la biotine, I'acide pimélique, le nicotinamide, le pantothénate de calcium, I'acide folique, le nitrate de
thiamine, la riboflavine, I'acide 4-aminobenzoique (PABA) et des mélanges de ceux-ci.

Milieu de culture selon la revendication 1, qui est liquide et stérile.

Milieu de culture selon la revendication 1, destiné a étre utilisé dans un procédé de production d’'un surnageant
d’une culture liquide de Clostridium histolyticum comprenant une ou plusieurs protéases possédant une activité
collagénolytique et gélatinolytique.

Procédé de production d’un surnageant d’une culture liquide de Clostridium histolyticum comprenant une ou plusieurs
protéases possédant une activité collagénolytique et gélatinolytique, comprenant les étapes suivantes consistanta :

a) mettre a disposition un milieu de culture stérile exempt de produits animaux comprenant de I'eau, une peptone
d’origine végétale, un extrait de levure et de la cystéine ou ses sels pharmaceutiquement acceptables ;

b) mettre en culture une aliquote d’une culture stock de Clostridium histolyticum dans le milieu de culture de
I'étape (a), dans des conditions anaérobies a environ 37 °C avant d’atteindre la phase de croissance stationnaire
afin d’obtenir un inoculum ;

c) mettre a disposition un milieu de culture stérile exempt de produits animaux pour des bactéries Clostridium
selon la revendication 1 ;

d) ajouter au milieu de culture de I'étape (c) un volume d’'inoculum de I'étape (b) inférieur ou égal a 10 % du
volume final du milieu défini en (c) ;

e) mettre en culture la C. histolyticum obtenue en (d) dans des conditions anaérobies a environ 37 °C jusqu’a
atteindre la phase de croissance stationnaire ;

f) éliminer le matériel cellulaire et les autres matiéres particulaires de la phase liquide de la culture de I'étape
(e), en produisantun surnageant comprenant une ou plusieurs protéases possédant une activité collagénolytique
et gélatinolytique.

Procédé selon la revendication 12, dans lequel I'étape (b) comprend au moins les étapes suivantes consistant a :
1) mettre en culture une culture stock dans le milieu de culture de I'étape (a) selon un rapport de 0,1:1 v/v pendant
environ 16 heures afin d’obtenir un pré-inoculum ; 2) ajouter au pré-inoculum obtenu a I'étape 1) un volume de
milieu de culture de I'étape (a) supérieur ou égal au double du volume de milieu de culture de I'étape 1) et maintenir
la culture pendant environ 12 heures afin d’obtenir un inoculum.
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Procédé selon la revendication 12, dans lequel la culture de C. histolyticum pendant I'étape (e) implique I'ajout d’'un
ou de plusieurs agents d’ajustement du pH en une quantité suffisante pour maintenir le pH du milieu de culture
entre 6,5 et 8,0, et dans lequel I'étape (f) est réalisée par une filtration, centrifugation, ou les deux.

Procédé selon la revendication 12, comprenant une ou plusieurs étapes supplémentaires pour la purification d’'une
ou de plusieurs protéases collagénolytiques et gélatinolytiques a partir du surnageant obtenu a I'étape (f).

Procédé selon la revendication 12, dans lequel le milieu de culture exempt de produits animaux employé a I'étape
(a) comprend de I'eau, 0,5 % a 5 % p/v de peptone végeétale, 0,5 % a 5 % p/v d’extrait de levure, 0,01 % a 0,1 %
p/v de cystéine, ou ses sels pharmaceutiquement acceptables, et un pH compris entre 6,5 et 8,0.

Procédé selon la revendication 16, dans lequel le milieu de culture comprend de I'eau, 3 % p/v de peptone végétale,
3 % p/v d’extrait de levure, 0,0625 % p/v de cystéine, ou ses sels pharmaceutiquement acceptables, et un pH
compris entre 6,5 et 8,0.

Procédé selon la revendication 12, dans lequel le milieu de culture exempt de produits animaux employé a I'étape
(c) comprend de I'eau, 3 % p/v de peptone végétale, 3 % p/v d’extrait de levure, 0,0625 % p/v de cysteéine, ou ses
sels pharmaceutiquement acceptables, 0,375 % p/v d’arginine, ou ses sels pharmaceutiquement acceptables, et
un pH compris entre 7,0 et 8,0.

37



EP 2 865 748 B1

FIGURE 1
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FIGURE 11

NZ Soy BLA (3%)+ YE251 (3% + cysteine {0.0625%) + arginine [0.375%)
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FIGURE 12
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FIGURE 14
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Cristalia abre caminho para
desenvolvimento de novos

farmacos e processos de producao

ma pomada que contém a

enzima colagenase usada no

tratamento de feridas e quei-

maduras foi apresentada em

junho na BIO International
Convention 2016, importante feira e con-
feréncia mundial na drea de biotecnolo-
gia, realizada em Sio Francisco, Estados
Unidos. Formulado pela empresa farma-
céutica Cristalia, com sede em Itapira
(SP), o farmaco néo traz exatamente uma
novidade em relacdo a molécula ou ao tra-
tamento, mas sim na forma de produzi-lo.
O principio ativo do medicamento, uma
enzima, era produzido apenas em meio
de cultura contendo proteinas animais
pela bactéria Clostridium histolyticum.

72 ¥ JULHO DE 2016

Agora as proteinas passam a ser produ-
zidas na Cristalia em meio vegetal. “Isso
garante que nfo existam possiveis conta-
minac¢des com proteinas animais”, expli-
ca o médico Ogari Pacheco, presidente
do conselho de administracéo e scio-
-fundador da empresa. Outra vantagem
¢ que o principio ativo era importado e
agora passa a ser produzido no pais. “A
colagenase proporciona um tratamento
indolor e o nosso centro de biotecnologia
conseguiu desenvolver o principio ativo
com alta pureza, de forma mais segura
para o paciente, que nos abre a porta do
mercado internacional”

“Esse foi o primeiro produto biotecno-
l6gico a partir de microrganismos apro-

Diretores e pesquisadores
da empresa em Itapira,

a partir da esquerda:
Edson Lima, Eduardo
Gottardo, Danielle
Cavalcante, Kesley de
Oliveira, Marcos Alegria,
Ney Leite e German
Wassermann
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vado pela Anvisa [Agéncia Nacional de
Vigilancia Sanitaria], em abril deste ano,
proveniente da biodiversidade brasilei-
ra. Tivemos boa acolhida na Bio Con-
vention e agora pretendemos colocar a
colagenase no mercado interno e exter-
no”, anuncia o quimico Marcos Alegria,
diretor de Biotecnologia da empresa e
ex-pesquisador da Alellyx, empresa de
biotecnologia da area de cana e laran-
ja, uma spin-off do Projeto Genoma da
bactéria Xyllela fastidiosa, finalizado em
2000. “Também participei do sequencia-
mento do genoma da bactéria Xantho-
monas citri, causadora do cancro citrico,
quando fazia doutorado na USP, entre
1999 e 2004

A colagenase é uma investida da Cris-
talia para se tornar um representante da
industria farmacéutica brasileira que néo
apenas faz medicamentos genéricos ou
trabalha com fitoterdpicos, mas inova
ao colocar no mercado tecnologias de
processos e principios ativos inéditos.
O caminho inovador comecou em 2007,
quando a empresa, depois de sete anos
de estudos, concebeu o primeiro farma-
co brasileiro formulado a partir de um
principio ativo inédito, passando por
todos os niveis de estudos clinicos e de
producéo até chegar ao medicamento
Helleva, entdo um dos quatro medica-
mentos do mundo para tratamento de
disfuncéo erétil.

EMPRESA

CRISTALIA

Centro de P&D
Itapira, SP

Ne de funcionarios
3.186 em toda a
empresa

Principais produtos
Medicamentos
anestésicos,
antipsicéticos, contra
disfuncao erétil,

para cicatrizacdo e
queimaduras

Pacheco, que é médico-cirurgido, diz
que a empresa sempre esteve voltada
para a inovacdo. A Cristalia foi fundada
em 1972 para produzir medicamentos
para as clinicas psiquiatricas de Itapi-
ra, cidade que reune varios estabele-
cimentos desse tipo. Ele era sécio de
uma dessas clinicas, chamada Cristalia,
e passou a produzir também produtos
essencialmente de uso hospitalar, como
anestésicos. Segundo dados da empre-
sa, a Cristdlia esta presente em 95% dos
hospitais brasileiros, além de exportar
para 30 paises da América Latina, Afri-
ca e Oriente Médio. O faturamento foi
de R$ 1,7 bilhdo em 2015, com investi-
mento de 7% em pesquisa, desenvolvi-
mento e inovacéo. “Desse faturamento,
18% séo oriundos de medicamentos que
desenvolvemos aqui”, informa Pache-
co. A empresa tem 3.186 funcionérios,
sendo 31 doutores e 18 mestres na area
de pesquisa.

“Buscamos produtos mais dificeis de
ser produzidos. N4o é s6 fazer uma co-
pia”, revela o s6cio da empresa. Para se-
guir esse caminho, a Cristélia comecou
a se abrir e a buscar nas universidades
e institutos de pesquisa ideias que pu-
dessem ser concretizadas. Em 2004, foi
criado o conselho cientifico da empre-
sa, com a colaboracio de uma ex-colega
de Pacheco na faculdade de medicina,

PESQUISA FAPESP 245 7 73



e de sintese de moléculas. O conselho é

a médica Regina Scivoletto, presidente
do conselho e professora aposentada do
Instituto de Ciéncias Biomédicas (ICB)
da USP. “Hoje, sdo dezenas de univer-
sidades e institutos que apresentam ao
conselho resultados de pesquisas ou sdo
parceiros em desenvolvimento”, conta
Regina. A orientacfo é buscar na acade-
mia ideias para produzir medicamentos.
No conselho, pesquisadores internos e
externos apresentam o projeto, que €
analisado em todos os aspectos como
o de patentes, exigéncias regulatdrias

multidisciplinar e retine pesquisadores
da USP e das universidades Estadual de
Campinas (Unicamp), federais do Rio de
Janeiro (UFRJ), do Amazonas (Ufam) e
de Sdo Paulo (Unifesp). As vezes, na uni-
versidade o efeito da molécula é muito
bom nos requisitos terapéuticos, passa
no conselho, mas ao ser testado nos nos-
sos laboratorios apresenta toxicidade.
Desde 2004, foram elaboradas 89
patentes de moléculas, de novos usos
de farmacos e de processos, muitas de

INSTITUICOES QUE FORMARAM OS PESQUISADORES DA EMPRESA

Edson Lima, farmacéutico,
diretor da Divisdo de
Farmoquimica

Marcos Alegria, quimico, diretor
da Divisdo de Biotecnologia

Danielle Cavalcante,
biomédica, coordenadora de
P&l

Kesley de Oliveira, fisica,
gerente de P&D

Ney Leite, farmacéutico,
coordenador industrial de
biotecnologia

German Wassermann,
farmacéutico, pesquisador

Eduardo Gottardo, bidlogo,
pesquisador
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Universidade Federal do Rio de Janeiro (UFR)): graduacdo e
doutorado
Universidade Harvard (Estados Unidos): pés-doutorado

Universidade Estadual Paulista (Unesp): graduacdo
Universidade de S&do Paulo (USP): mestrado e doutorado

Unesp: graduacdo. USP: doutorado. Imperial College (Reino
Unido): pés-doutorado. Universidade de Cardiff (Reino Unido):
pés-doutorado. Instituto Butantan: pés-doutorado

Universidade Estadual de Campinas (Unicamp): graduacdo,
mestrado (com Laboratério Nacional
de Luz Sincrotron-LNLS) e doutorado

Universidade Estadual de Ponta Grossa (UEPG): graduacdo
USP: doutorado

Universidade Federal do Rio Grande do Sul (UFRGS): graduacdo
e doutorado

Pontificia Universidade Catdlica de Campinas (PUC-Campinas):
graduacdo
USP: mestrado

1Sintese quimica para
producdo de insumo
farmacéutico no laboratério

de pesquisa e desenvolvimento

2 Andlise de culturas de
bactérias em estudo para
novos farmacos

3 Reator calométrico
no laboratério
de ampliacdo de escala

4 Pesquisadora analisa
culturas puras de
microrganismos para identificar
novos principios ativos
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abrangéncia internacional. O Centro de
Pesquisa, Desenvolvimento e Inovacgéo
da Cristalia, inaugurado em 2009, é com-
posto pelos departamentos de Desen-
volvimento de Novos Produtos (DNP) e
Pesquisa e Inovacdo (P&I), que utilizam
a mesma estrutura fisica de laboratérios.
Um dos produtos que estd em desenvol-
vimento no P&I é a silica mesoporosa
nanoestruturada, uma substéncia adju-
vante que pode ser usada como meio de
transporte de vacinas orais. Vacinas co-
mo a de hepatite, hoje injetaveis, podero
ter em alguns anos versdes em gotas, 0
que baratearia a aplicacdo. Esse tipo de
silica comecou a ganhar forma com os
estudos da fisica Marcia Carvalho de
Abreu Fantini, do Laboratoério de Cris-
talografia do Instituto de Fisica da USP,
e de Osvaldo Augusto Sant’Anna, pesqui-
sador do Laboratdrio de Imunoquimica
do Instituto Butantan, que idealizou a
substincia para a vacina contra a hepa-
tite B. Em 2005, a empresa e o Butantan
firmaram parceria para desenvolver o
adjuvante para vacinas.

A silica mesoporosa também se mos-
trou capaz de ampliar a populacéo pro-
tegida com vacinas. Grande parte delas
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nio imuniza 100% das pessoas, pode ser
90%, por exemplo. “Isso ja foi mostrado
em animais”, explica a biomédica Daniel-
le Cavalcante, coordenadora do depar-
tamento de P&I. “Nossos estudos mos-
tram que essa silica é uma plataforma
que pode ser usada em outros produtos.
As particulas se aderem a superficie ndo
s6 do antigeno das vacinas, mas também
nas moléculas de outras drogas”, diz Da-
nielle. O produto estd em testes clini-
cos. Ela avalia que em dois anos a silica
mesoporosa podera entrar no mercado.

SEM EFEITO TOXICO

Outro medicamento desenvolvido na
Cristalia, este disponivel no mercado,
é 0 Novabupi (cloridrato de bupivacai-
na), um anestésico local. “Modificamos
a estrutura quimica dessa substincia,
eliminando a parte que tem efeito toxico,
0 que tornou o medicamento injetavel
mais aceitavel e com menos efeitos co-
laterais”, explica o farmacologista Edson
Lima, diretor da Divisdo de Farmoquimi-
ca da Cristdlia, area que produz 53% dos
principios ativos utilizados pela empre-
sa. Lima é ex-professor do Instituto de
Quimica da Universidade Federal do Rio
de Janeiro (IQ-UFRJ) e ex-pesquisador
do Instituto de Tecnologia em Farma-
cos (Farmanguinhos), também no Rio
de Janeiro. As modificacbes e rearran-
jos de moléculas sdo uma linha em que
a Cristalia investe cada vez mais, junto
com a formulac¢éo de novos principios

Centro de
biotecnologia
tem trés
medicamentos
em teste: para
cancer de mama
e artrite e um
hormonio de
crescimento

ativos. Um dos profissionais que traba-
lham nessa area é a fisica Kesley Moraes
de Oliveira, responsavel pela triagem e
simulacfio computacional de novas molé-
culas. Ela trabalhou no projeto do Helle-
va e diz que a equipe ja estudou mais de
180 moléculas, muitas ainda em analise.

Para se posicionar melhor no mercado
nacional, a empresa também se concen-
trou na infraestrutura de fabricacéo de
insumos. Em 2013, inaugurou um centro

de biotecnologia no mesmo complexo
industrial instalado ao lado da estrada
que liga Itapira a Linddia. L4 estdo sendo
produzidos trés medicamentos que es-
tdo em fase de testes clinicos: o anticor-
po monoclonal genérico trastuzumabe
para tratamento de cincer de mama; a
proteina etanercept, também genérico,
para tratamento de artrite e psoriase; e
somatropina, horménio de crescimento
humano produzido com tecnologia de
DNA recombinante, baseada na clona-
gem do gene codificador do horménio.

Em outra fabrica, a de biotecnologia
anaerdbica, é produzida a colagenase.
Todos esses empreendimentos tive-
ram a consultoria de Spartaco Astolfi
Filho, hoje professor da Ufam, e Josef
Ernst Thiemann, dois ex-pesquisado-
res da Biobras, empresa mineira que
desenvolveu tecnologia para producéo
de insulina humana no final dos anos
1970. A empresa foi comprada pela di-
namarquesa Novo Nordisk em 2001. Os
dois também tém incentivado os pes-
quisadores da Cristalia a buscar novas
moléculas na biodiversidade brasilei-
ra, inclusive para a producéo de novos
antibioticos. Marcos de Oliveira
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