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(57) ABSTRACT 

A drug product comprising a combination of highly purified 
collagenase I and collagenase II from Colostridium histolyti 
cum is disclosed. The drug product includes collagenase I and 
collagenase II in a ratio of about 1 to 1, with a purity of greater 
than at least 95%. The invention further disclosed improved 
fermentation and purification processes for preparing the said 
drug product. 
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Fermentation 

Centrifugation (to pellet cells) 

Filtration of Supernatant 

Ammonium sulphate precipitation (60% saturation) 

Resuspend pellet from 60% AS ppt 
0.1M phosphate, 0.1M arginine pH 6.7.2-8°C 

Clarify (centrifugation) 
Dialysis of n (0.1M phosphate, 0.1 Marginine pH 6.7.2-8°C) 

Clarify (centrifugation/filtration) 

Add 2001M leupeptin to product 

Hydroxyapatite column run (2x300m L. CV: 9.8mL/min: elution over 4CV) 
Load at <1 mg/mL (total protein by Bradford assay) 

Buffer A = 0.1M phosphate. 200M leupeptin, pH 6.7 
Buffer B = 0.4M phosphate, 2001M leupeptin. pH 6.7 

Fractogel TMAE column run (58mL. CV: 8.8 mL/min) 
Buffer A = 10mM phosphate, 200mM NaCl. 200LM leupeptin. pH 6.7 

Buffer B = 10mM phosphate, 2M NaCl, pH 6.7 

Pool post TMAE product flow-through and dialysis of n. 2-8°C 
10mM Tris, pH 8 

Continue on the next page 

FIG. 45 
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Q-Sepharose HP IEX column run (100mL CV. 18m L/min, elution over 20OV) 
Load at ~3 mg/mL (total protein by UV) 

Buffer A = 10mM Tris, 3 mM CaCl2, 200LM leupeptin, pH 8 
Buffer B = 10mM Tris, 3 mM CaCl2, 360mM NaCl, 200LM leupeptin, pH 8 

Add arginine (buffered in 10mM Tris pH 8) to 0.1M final concentration in the intermediates 
(ABC and ABCII) 

Superdex 75 gel permeation chromatography 

Peak Peak 2 
(ABCII + cloStripain) (ABC + cloStripain - gelatinase 

excluded) 
v 

Stirred Cell (10kDa) to concentrate Stirred Cell (10kDa) to concentrate 
to ~44 mL to ~44 mL 
5% load 5% load 

- 

—— 
GPC run 1 with 10mM Tris, 31mM 

CaCl2, 150mM NaCl, 0.1M 
arginine pH 8 

Store at -20°C 

v 
Stirred Cell to concentrate 

intermediate ABCII (to 1.4mg/mL) 
v 

Stirred Cell to diafilter ABCII 
against WFI 

y 
Store at -20°C 

GPC run 2 with 10mM Tris, 3 mM 
CaCl2, 150mM NaCl, 0.1M 

arginine pH 8 

Store at -20°C 

v 
Stirred Cell to concentrate 

intermediate ABCI (to 1.4mg/mL) 
v 

Stirred Cell to diafilter ABCI 
against WFI 

v 
Store at -20°C 

Mix ABCI and ABCII 1:1 (by UV) 

Filtration (0.21M) 
Store Drug Substance (DS) at 1.4 mg/ml 

-20°C 

FIG. 45 cont. 
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Thaw vial of WCB 2004#1019D (Strain 004) 

Inoculate 3 x 25 mL PP3 medium with 3 x 250 L of WCB 
(25 mL cultures in 3 X 125 mL shake flasks, contained within Anaerobe gas jar) 

Temperature setpoint 37°C 
Agitation 125rpm 

12 hour incubation 

Inoculate 4 x 200mL PP3 medium with 4 x 5 mL aliquots from 1 of the above 25 mL cultures 
(200mL cultures in 4 x 500ml shake flaskS. contained within Anaerobe gas jar) 

Temperature setpoint 37°C 
Agitation 125rpm 

! 12 hour incubation 

Inoculate 14.4 L of PP3 medium with 3 x 200 mL cultures 
(15L culture in 20L fermenter) 
Temperature setpoint 37°C 

pH setpoint 7.00 
Agitation 125rpm 

! 12 hour incubation 

Inoculate 192L of PP3 medium with 8L of 1.5L culture 
(200L culture in 27OL fermenter) 

Temperature setpoint 37°C 
pH setpoint 7.00 
Agitation 125rpm 

14 hour incubation 

Harvest 200L culture by filtration (depth followed by 0.2m) 
Millipore Millistak 4m 

0.2um filter (2 x Millipore Express XL 10 filters) 
200L/h flow rate 

Collect filtrate in cooled 200L tank 

FIG 46 
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Fermentation 
(HC Pod harvest Filtration) 

Mustang Q 

Addition of Ammonium Sulphate Solution to M final concentration 

Filtration (0.45um) 

HIC chromatography 
Pheny Sepharose 6 FF (low sub) 

Addition of leupeptin (as a stock solution) to a final concentration of 0.2m M to post HIC eluted 
product 

Buffer exchange by TFF (to remove (NH4)2SO4 maintain leupeptin and correct for binding of 
AUXI and AUXII). 

Filtration (0.45um) 

Q-Sepharose HP 

TFF Concentration and formulation of separate AUXI and AUXII 

Filtration (0.2 m) 

Storage of AUXI and AUXII formulated intermediates at 2-8°C for clearance testing 

t 
Mixing of DS at 1:1 ratio (by UV) 

Filtration (0.2 m) 
Storage of DS at -70°C 

FIG 47 
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Analytical chromatograph 

Saraple RP-HPLC SEC-HPLC (AREA%) 

AUX-AUX-Closiipair. Others AUX-AUX-Aggregates Others 
Fermentation . w 

-- 4 8 Filtrate Day 4 S.S. 42.48 OOO OOO O.47 O.65 OTO 98.17 

Fermentation x 
& S. Filtrate Day 5 5.9, 4TO3 OOO 000 O4S O.64 O.3 98.14 

*" 412352.16 000 | 6610,560.75 0.78 97.91 
Post HICDay 3 44.0055.00 000 4946 A.S.F2 OOO 
Post HC Day 6 |44.42 54.52 O.OO OOO 179 
Post TFF Day 2 49.6948.09 0.14 O7 50.77 47.37 OOO 86 
Post TFF Day 4 SO9 47.3 OOO 1.98 
Post EXAUXI 

Day 5 

Positaxi SS OOO OOO 1 OOOO O.O OOO OOO 
Post EXAX 

Day 5 
Post EXAUX 

Day O.32 99.04 - OAS COO Y OOO 

ALX ? Intermediate Day 6 98.60 O -- OS 1 OOOO COO 

AUX 
Intermediate Day 99.010.68 Wm. O 1 OOOOOOO OOC OOO 

12 

AUX-II O.47 98.95 O1. Old OOO COOO COO COO Intermediate Day 6 
AUK 

Intermediate Day 0.28 99.12 0.13 O7 OOOO OOO O.OO 
12 

FIG. 82 

O.8 OOOO COO OOO OOO 
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COMPOSITIONS AND METHODS FOR 
TREATING COLLAGEN-MEDIATED 

DISEASES 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 12/871,159, filed on Aug. 30, 2010; U.S. appli 
cation Ser. No. 1 1/699,302, filed on Jan. 29, 2007, now U.S. 
Pat. Number 7,811,560, issued Oct. 12, 2010, which claims 
the benefit of U.S. Provisional Application No. 60/763,470 
filed on Jan. 30, 2006 and U.S. Provisional Application No. 
60/784,135, filed Mar. 20, 2006. The entire teachings of the 
above applications are incorporated herein by reference. 

PARTIES TO AJOINT RESEARCH AGREEMENT 

0002 Auxilium Pharmaceuticals Inc. and BioSpecifics 
Technologies Corp. are parties to a joint research agree 
ment” as defined in 35 USC 103(c)(3). 

BACKGROUND OF THE INVENTION 

0003 Collagen is the major structural constituent of mam 
malian organisms and makes up a large portion of the total 
protein content of skin and other parts of the animal body. In 
humans, it is particularly important in the wound healing 
process and in the process of natural aging. Various skin 
traumas Such as burns, Surgery, infection and accident are 
often characterized by the erratic accumulation of fibrous 
tissue rich in collagen and having increased proteoglycan 
content. In addition to the replacement of the normal tissue 
which has been damaged or destroyed, excessive and disfig 
uring deposits of new tissue sometimes form during the heal 
ing process. The excess collagen deposition has been attrib 
uted to a disturbance in the balance between collagen 
synthesis and collagen degradation. 
0004 Numerous diseases and conditions are associated 
with excess collagen deposition and the erratic accumulation 
of fibrous tissue rich in collagen. Such diseases and condi 
tions are collectively referred to herein as “collagen-mediated 
diseases”. Collagenase has been used to treat a variety of 
collagen-mediated diseases. Collagenase is an enzyme that 
has the specific ability to digest collagen. 
0005 Collagenase for use in therapy may be obtained 
from a variety of sources including mammalian (e.g. human), 
crustacean (e.g. crab, shrimp), fungal, and bacterial (e.g. from 
the fermentation of Clostridium, Streptomyces, Pseudomo 
nas, or Vibrio). Collagenase has also been genetically engi 
neered. One common source of crude collagenase is from a 
bacterial fermentation process, specifically the fermentation 
of C. histolyticum (C. his). The crude collagenase obtained 
from C. his may be purified using any of a number of chro 
matographic techniques. 
0006. One drawback of the fermentation process from C. 
his is that it yields uncertain ratios of the various collagenases 
Such as collagenase I and collagenase II, often used in thera 
peutic compositions to treat collagen mediated conditions. 
Further, the culture has historically required the use of meat 
products. This meat culture was originally derived from the 
H4 strain of Clostridium histolyticum, Dr. I. Mandl's labora 
tory in Columbia University in 1956 and deposited with the 
ATCC. Lyophilized vials were made out of the cooked meat 
culture and named as ABC Clostridium histolyticum master 
cell bank. 

Oct. 6, 2011 

0007 Various ratios of collagenase I to collagenase II in a 
therapeutic collagenase preparation have different biological 
effects. Therefore, a therapeutic collagenase preparation in 
which the ratio of collagenase I to collagenase II in the prepa 
ration can be easily and efficiently determined and controlled 
to obtain Superior, and consistent enzyme activity and thera 
peutic effect, would be desirable. 

SUMMARY OF THE INVENTION 

0008. The present invention provides a collagenase com 
position comprising a combination of highly purified colla 
genase I and collagenase II. Preferably, the collagenase I and 
collagenase II are presentina mass ratio of about 1 to 1. When 
used as a pharmaceutical composition for treating collagen 
mediated diseases, the composition of the invention provides 
improved and consistent therapeutic effect while lowering the 
potential for side effects. 
0009. The invention further provides methods for prepar 
ing a collagenase composition of the invention, pharmaceu 
tical formulations comprising a composition of the invention 
and methods for treating patients suffering from a collagen 
mediated disease using a collagenase composition of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not neces 
sarily to Scale, emphasis instead being placed upon illustrat 
ing the principles of the invention. 
(0011 FIG. 1 depicts growth curves (OD vs time) of C. 
histolyticum in 5 L DCFT24a,b fermentations. 
(0012 FIG. 2 depicts net growth curves (Net OD vs time) 
of C. histolyticum in 5 L DCFT24a,b fermentations. 
(0013 FIG.3 is a 8%Tris-glycine SDS PAGE gel from the 
second fermentation: 

(0.014 Lane 1: High Molecular Weight Marker 
0.015 Lane 2: Collagenase I 0.27 ug 
0016 Lane 3: Collagenase II—0.29 ug 
0017 Lane 4:20h (6.12 uL of sample)—Harvest point 
(0.018. Lane 5: 19 h (6.12 uL of sample) 
(0.019 Lane 6: 17 h (6.12 uL of sample) 
0020 Lane 7: 16 h (6.12 uL of sample) 
0021 Lane 8: 15 h (6.12 uL of sample) 
0022 Lane 9: 14h (6.12 uL of sample) 
0023 Lane 10: 13 h (6.12 uL of sample) 
0024 Lane 11: 11.6 h-19h (6.12 uL of sample) 
(0.025 Lane 12:10.5 h (6.12 uL of sample). 

(0026 FIG. 4 is a 8%Tris-glycine SDS PAGE gel from the 
first fermentation: 

0027 Lane 1: High Molecular Weight Marker 
0028 Lane 2: Collagenase I 0.27 ug 
0029 Lane 3: Collagenase II—0.29 ug 
0030 Lane 4:20h (6.12 uL of sample)—Harvest point 
0031 Lane 5: 19 h (6.12 uL of sample) 
0032 Lane 6: 17 h (6.12 uL of sample) 
0033 Lane 7: 16 h (6.12 uL of sample) 
0034 Lane 8: 15 h (6.12 uL of sample) 
0035 Lane 9: 14h (6.12 uL of sample) 
0.036 Lane 10: 13 h (6.12 uL of sample) 
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0037 Lane 11: 11.4 h (6.12 uL of sample) 
0038 Lane 12:10.4 h (6.12 uL of sample). 

0039 FIG. 5 is a Semi-quantitative SDS PAGE gel for the 
second fermentation, harvest point sample: 

0040 Lane 1: High Molecular Weight Marker 
0041) Lane 2: 0.87 uL of sample (1/7 dilution offer 
mentation sample) 

0042 Lane 3: 1.22 LL of sample (1/5 dilution offer 
mentation sample) 

0043 Lane 4: 1.53 uL of sample (1/4 dilution offer 
mentation sample) 

0044) Lane 5: 2.04 uL of sample (1/3 dilution offer 
mentation sample) 

0045 Lane 6: 0.27 ug collagenase I 
0046 Lane 7: 0.18 ug collagenase I 
0047 Lane 8: 0.135ug collagenase I 
0048 Lane 9: 0.29 ugcollagenase II 
0049 Lane 10: 0.193 ug collagenase II 
0050 Lane 11: 0.145 lug collagenase II. 
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I0089 Lane 10: 1.53 uL of sample (1/4 dilution offer 
mentation sample) 

0090 Lane 11: 2.04 uL of sample (1/3 dilution offer 
mentation sample). 

(0091 FIG. 12 is a Semi-quantitative SDS PAGE gel for 
DCFT26b, harvest point sample: 

0092. Lane 1: High Molecular Weight Marker 
0.093 Lane 2: 0.27 ug collagenase I 
0094 Lane 3: 0.18 ug collagenase I 
0.095 Lane 4: 0.135ug collagenase I 
0.096 Lane 5: 0.29 ug collagenase II 
0097. Lane 6: 0.193 ug collagenase II 
0.098 Lane 7: 0.145ug collagenase II 
0099 Lane 8: 2.04 uL of sample (1/3 dilution offer 
mentation sample) 

0100 Lane 9: 1.53 uL of sample (1/4 dilution offer 
mentation sample) 

0101 Lane 10: 1.22 LL of sample (1/5 dilution offer 
mentation sample) 

0051 FIG. 6 represents fermentation strategy used for 0102 Lane 11: 0.87 uL of sample (1/7 dilution offer 
DCFT26a and DCFT26b. mentation sample). 
0052 FIG. 7 depicts growth curves (OD vs time) of C. (0103 FIG. 13 is a SDS PAGE gel for post-dialysed ammo 
histolyticum in 5 L DCFT26a,b fermentations. nium Sulphate precipitated (100 g/L and 150 g/L) samples, 
0053 FIG. 8 depicts net growth curves (Net OD vs time) DCFT26a, harvest point sample: 
of C. histolyticum in 5 L DCFT26a,b fermentations. 0104 Lane 1: High Molecular Weight Marker 
0054 FIG. 9 is a SDS PAGE gel for DCFT26a: 0105 Lane 2: 0.67 ug collagenase I and 0.72 ug colla 

0055 Lane 1: High Molecular Weight Marker genase II 
0056 Lane 2: Collagenase I 0.67 ug 0106 Lane 3: 0.27 lug collagenase I and 0.29 Lig colla 
0057 Lane 3: Collagenase II—0.72 ug genase II 
0058 Lane 4:20h (6.12 u.L of sample) Harvest Point 0.107 Lane 4: 6.12 uL of supernatant sample from SC 11 
0059 Lane 5: 19 h (6.12 uL of sample) 0.108 Lane 5: post dialysed sample—100 g/LAS (Neat) 
0060 Lane 6: 18 h (6.12 uL of sample) 0.109 Lane 6: post dialysed sample—100 g/L AS (1/5) 
0061 Lane 7: 17 h (6.12 uL of sample) 0110 Lane7: post dialysed sample—100 g/L AS (1/10) 
0062 Lane 8: 16 h (6.12 uL of sample) 0.111 Lane 8: post dialysed sample—150 g/LAS (Neat) 
0063 Lane 9: 14h (6.12 LL of sample) 0112 Lane 9: post dialysed sample—150 g/L AS (1/5) 
0064. Lane 10: 13 h (6.12 uL of sample) ley, Lane 10: post dialysed sample—150 g/L AS 
0065 Lane 11:11 h (6.12 uL of sample). 

0.066 FIG. 10 is a SDS PAGE gel for DCFT26b; 
0067 Lane 1: High Molecular Weight Marker 

0114 FIG. 14 is a SDS PAGE gel for post-dialysed ammo 
nium Sulphate precipitated (200 g/L and 250 g/L) samples, 
DCFT26a, harvest point: 

0068 Lane 2: 20 h (6.12 uL of sample) Harvest point 0115 Lane 1: High Molecular Weight Marker 
0069. Lane 3:19 h (6.12 uL of sample) 0116 Lane 2: 0.67 ug collagenase I and 0.72 ug colla 
(0070 Lane 4: 18 h (6.12 uL of sample) genase II 
(0071 Lane 5: 17 h (6.12 uL of sample) 0.117 Lane 3: 0.27 lug collagenase I and 0.29 Lig colla 
(0072 Lane 6: 16 h (6.12 uL of sample) genase II 
(0073 Lane 7: 15 h (6.12 uL of sample) 0118 Lane 4: 6.12 uL of supernatant sample from SC 11 
0074 Lane 8: 14h (6.12 uL of sample) 0119 Lane 5: post dialysed sample 200g/LAS (Neat) 
(0075 Lane 9: 13 h (6.12 uL of sample) 0120 Lane 6: post dialysed sample 200 g/L AS (1/5) 
(0076 Lane 10: 11 h (6.12 uL of sample) 0121 Lane7: post dialysed sample 200g/L AS (1/10) 
0077 Lane 11: Collagenase I 0.67 ug 0.122 Lane 8: post dialysed sample 250 g/LAS (Neat) 
0078 Lane 12: Collagenase II—0.72 ug. 0123 Lane 9: post dialysed sample 250 g/L AS (1/5) 

0079 FIG. 11 is a semi-quantitative SDS PAGE gel for 0.124 Lane 10: post dialysed sample 250 g/L AS 
DCFT26a, harvest point sample: (1/10). 

0080 Lane 1: High Molecular Weight Marker (0.125 FIG. 15 is a SDS PAGE gel for post-dialysed ammo 
I0081 Lane 2: 0.27 ug collagenase I 
I0082 Lane 3: 0.18 ug collagenase I 

nium sulphate precipitated (300 g/L and 400 g/L) samples, 
DCFT26a, harvest point: 

I0083. Lane 4: 0.135ug collagenase I (0.126 Lane 1: High Molecular Weight Marker 
I0084 Lane 5: 0.29 ug collagenase II 0127. Lane 2: 0.67 ug collagenase I and 0.72 ug colla 
I0085 Lane 6: 0.193 ug collagenase II genase II 
I0086 Lane 7: 0.145ug collagenase II 0.128 Lane 3: 0.27 lug collagenase I and 0.29 Lig colla 
I0087 Lane 8: 0.87 uL of sample (1/7 dilution offer- genase II 
mentation sample) 0.129 Lane 4: 6.12 uL of supernatant sample from SC 11 

I0088 Lane 9: 1.22 uL of sample (1/5 dilution offer- 0.130 Lane 5: post dialysed sample 300 g/L AS (Neat 
mentation sample) sample) 
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I0131 Lane 6: post dialysed sample 300 g/L AS (1/5 
dilution) 

I0132 Lane 7: post dialysed sample 300 g/L AS (1/10 
dilution) 
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0168 Lane 7: Supernatant (neat) of post ammonium 
sulphate precipitated sample (520 g/L slow addition) 

0.169 Lane 8: Supernatant (neat) of post ammonium 
sulphate precipitated sample (400 g/L, pH 6) 

0.133 Lane 8: post dialysed sample 400 g/LAS (Neat) 0170 Lane 9: Supernatant (neat) of post ammonium 
I0134) Lane 9: post dialysed sample 4000 g/L AS (1/5 Sulphate precipitated Sample (400 g/L, oxygenated). 

dilution) (0171 FIG. 19 is a Semi-quantitative SDS PAGE gel show 
0.135 Lane 10: post dialysed sample 400 g/L AS ing diluted samples from the harvest point Supernatant and the 
(1/10 dilution). post dialysed ammonium Sulphate (with 400 g/L fast addi 

0.136 FIG. 16 depicts a Growth curves (OD vs time and tion) precipitated sample: 
net OD vs time) of C. histolyticum in PBFT57 fermentation: (0172 Lane 1: High Molecular Weight Marker 
0137 FIG. 17 is a Semi-quantitative SDS PAGE gel, har- 0173 Lane 2: Fermentation sample harvest (neat) 
Vest point sample: 0.174 Lane 3: Fermentation sample harvest (1/1 dilu 

I0138 Lane 1: High Molecular Weight Marker tion) 
0.139 Lane 2: 0.27 ug collagenase I 0.175 Lane 4: Fermentation sample harvest (1/2 dilu 
0140 Lane 3: 0.18 ug collagenase I tion) 
0141 Lane 4: 0.135ug collagenase I 0176 Lane 5: Fermentation sample harvest (1/3 dilu 
0.142 Lane 5: 0.29 ug collagenase II tion) 
0.143 Lane 6: 0.193 ug collagenase II 0.177 Lane 6: Fermentation sample harvest (1/4 dilu 
0144. Lane 7: 0.145ug collagenase II tion) 
0145 Lane 8: 2.04 uL of sample (1/3 dilution offer- (0178 Lane 7: Post dialysed sample harvest (1/17.54 
mentation harvest sample) 

0146 Lane 9: 1.53 uL of sample (1/4 dilution offer 
mentation harvest sample) 

0147 Lane 10: 1.22 LL of sample (1/5 dilution offer 
mentation harvest sample) 

0148 Lane 11: 0.87 uL of sample (1/7 dilution offer 
mentation harvest sample). 

0149 FIG. 18a is a quantitative SDS PAGE gel for post 

dilution) corresponds to lane 1 
(0179 Lane 8: Post dialysed sample harvest (1/35.08 

dilution) corresponds to lane 2 
0180 Lane 9: Post dialysed sample harvest (1/52.62 
dilution) corresponds to lane 3 

0181 Lane 10: Post dialysed sample harvest (1770.16 
dilution) corresponds to lane 4 

0182 Lane 11: Post dialysed sample harvest (1787.70 
dialysed 500 mL sample from fermentation PBFT57, harvest dilution) corresponds to lane 5. 
point sample. 400 g/L of ammonium Sulphate added: 0183 FIG. 20 is a semi-quantitative SDS PAGE gel for 

(O150 Lane 1: High Molecular Weight Marker PBFT57 showing diluted samples from the harvest point 
0151. Lane 2: 0.272 ug collagenase I and 0.286 ug col- Supernatant and the post dialysed ammonium Sulphate (with 
lagenase II 520 g/L) precipitated sample: 

0152 Lane 3: 0.181 ug collagenase I and 0.190 ug col 
lagenase II 

0153. Lane 4: 0.136 g collagenase I and 0.142 lug col 
lagenase II 

0154 Lane 5: 0.109 ug collagenase I and 0.114 ug col 
lagenase II 

0155 Lane 6: post dialysed sample 400 g/L AS (1/15 
dilution) 

0156 Lane 7: post dialysed sample 400 g/L AS (1/20 
dilution) 

0157 Lane 8: post dialysed sample 400 g/L AS (1/25 
dilution) 

0158 Lane 9: post dialysed sample 400 g/L AS (1/30 
dilution) 

0159 Lane 10: post dialysed sample 400 g/L AS 
(1/35 dilution) 

(0160 Lane 11: High Molecular Weight Marker. 
(0161 FIG. 18b is a SDS PAGE of the supernatants after 

0184 Lane 1: High Molecular Weight Marker 
0185. Lane 2: Fermentation sample harvest (neat) 
0186 Lane 3: Fermentation sample harvest (1/1 dilu 
tion) 

0187 Lane 4: Fermentation sample harvest (1/2 dilu 
tion) 

0188 Lane 5: Fermentation sample harvest (1/3 dilu 
tion) 

0189 Lane 6: Fermentation sample harvest (1/4 dilu 
tion) 

(0190. Lane 7: Post dialysed sample harvest (1/15.63) 
corresponds to lane 1 

0191 Lane 8: Post dialysed sample harvest (1/31.26) 
corresponds to lane 2 

0.192 Lane 9: Post dialysed sample harvest (1746.89) 
corresponds to lane 3 

0193 Lane 10: Post dialysed sample harvest (1/62. 
52) corresponds to lane 4 

0194 Lane 11: Post dialysed sample harvest (1778. centrifugation of the ammonium Sulphate precipitated 
samples: 15) corresponds to lane 5. 

(0162 Lane 1: High Molecular Weight Marker (0195 FIG. 21 depicts growth curves (Net OD vs time) of 
(0163 Lane 2: 0.27 ug Col I and 0.29 ug Col II C. histolyticum strains 004 and 013 in PBFT58c.d fermenta 
0164. Lane 3: Supernatant (neat) of post ammonium tions. 
sulphate precipitated sample (400 g/L slow addition) (0196. FIG. 22 is a SDS PAGE gel for PBFT58c (Strain 

0.165 Lane 4: Supernatant (neat) of post ammonium 004): 
sulphate precipitated sample (400 g/L fast addition) (0197) Lane 1: High Molecular Weight Marker 

0166 Lane 5: Supernatant (neat) of post ammonium 0198 Lane 2: Collagenase I—1.00 ug 
Sulphate precipitated sample (440 g/L slow addition) 0199 Lane 3: Collagenase I 0.67 ug 

0.167 Lane 6: Supernatant (neat) of post ammonium 0200 Lane 4: Collagenase II—1.08 ug 
sulphate precipitated sample (480 g/L slow addition) 0201 Lane 5: Collagenase II—0.72 ug 
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(0202 
0203 
0204 
0205 
0206 

0207 
013): 

0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 

Lane 6: 16.25 h (6.12 uL of sample) 
Lane 7: 17 h (6.12 LL of sample) 
Lane 8: 18 h (6.12 LL of sample) 
Lane 9: 19h (6.12 LL of sample) 
Lane 10: 20.5 h (6.12 uL of sample). 

FIG. 23 is a SDS PAGE gel for PBFT58d (Strain 

Lane 1: High Molecular Weight Marker 
Lane 2: Collagenase I—1.00 ug 
Lane 3: Collagenase I 0.67 ug 
Lane 4: Collagenase II—1.08 Lig 
Lane 5: Collagenase II—0.72 ug 
Lane 6: 16.25 h (6.12 uL of sample) 
Lane 7: 17 h (6.12 LL of sample) 
Lane 8: 18 h (6.12 LL of sample) 
Lane 9: 19h (6.12 LL of sample) 

0217 Lane 10: 20.5 h (6.12 uL of sample). 
0218 FIG. 24 is a semi-quantitative SDS PAGE gel for 
PBFT58c (strain 004), harvest point sample: 

0219 Lane 1: High Molecular Weight Marker 
0220 Lane 2: 0.27 ug collagenase I and 0.29 ug colla 
genase II 

0221) Lane 3: 0.18 ug collagenase I and 0.19 ug colla 
genase II 

0222 Lane 4: 0.135ug collagenase I and 0.145 lug col 
lagenase II 

0223 Lane 5: 0.108 g collagenase I and 0.116 ug col 
lagenase II 

0224 Lane 6: 6.12 uL of sample 
0225. Lane 7: 3.06 uL of sample 
0226 Lane 8: 2.04 uL of sample 
0227 Lane 9: 1.53 uL of sample 
0228 Lane 10: 1.22 LL of sample. 

0229 FIG. 25 is a semi-quantitative SDS PAGE gel for 
PBFT58d (strain 013), harvest point sample: 

0230. Lane 1: High Molecular Weight Marker 
0231 Lane 2: 0.27 ug collagenase I and 0.29 ug colla 
genase II 

0232 Lane 3: 0.18 ug collagenase I and 0.19 ug colla 
genase II 

0233 Lane 4: 0.135ug collagenase I and 0.145 lug col 
lagenase II 

0234 Lane 5: 0.108 g collagenase I and 0.116 ug col 
lagenase II 

0235 Lane 6: 6.12 uL of sample 
0236 Lane 7: 3.06 uL of sample 
0237 Lane 8: 2.04 uL of sample 
0238 Lane 9: 1.53 uL of sample 
0239 Lane 10: 1.22 uL of sample. 

0240 FIG. 26 is SDS PAGE gel for post-dialysed harvest 
point sample (520 g/L ammonium sulphate) of PBFT58c 
fermentation (strain 004): 

0241 Lane 1: High Molecular Weight Marker 
0242 Lane 2: 0.27 ug collagenase I and 0.29 ug colla 
genase II 

0243 Lane 3: 0.18 ug collagenase I and 0.19 ug colla 
genase II 

0244] Lane 4: 0.135ug collagenase I and 0.145 lug col 
lagenase II 

0245 Lane 5: 0.108 g collagenase I and 0.116 ug col 
lagenase II 

0246 Lane 6: post dialysed harvest point sample Neat 
0247 Lane 7: post dialysed harvest point sample—(1/5 
dilution) 

Oct. 6, 2011 

0248 Lane 8: post dialysed harvest point sample—(1/ 
10 dilution) 

0249 Lane 9: post dialysed harvest point sample—(1/ 
15 dilution) 

0250 Lane 10: post dialysed harvest point sample—(1/ 
20 dilution). 

(0251 FIG. 27 is a SDS PAGEgel for post-dialysed harvest 
point sample (400 g/L ammonium sulphate) of PBFT58d 
fermentation (strain 013): 

0252 Lane 1: High Molecular Weight Marker 
0253 Lane 2: 0.27 lug collagenase I and 0.29 Lig colla 
genase II 

0254 Lane 3: 0.18 lug collagenase I and 0.19 Lig colla 
genase II 

0255 Lane 4: 0.135 ug collagenase I and 0.145ug col 
lagenase II 

0256 Lane 5: 0.108 ug collagenase I and 0.116 ug col 
lagenase II 

0257 Lane 6: post dialysed harvest point sample Neat 
0258 Lane 7: post dialysed harvest point sample—(1/5 
dilution) 

0259 Lane 8: post dialysed harvest point sample—(1/ 
10 dilution) 

0260 Lane 9: post dialysed harvest point sample—(1/ 
15 dilution) 

0261 Lane 10: post dialysed harvest point sample—(1/ 
20 dilution). 

0262 FIG. 28 is illustrates a flow chart of the Experimen 
tal procedure used for screening the alternative vegetable 
peptones. 
0263 FIG. 29 illustrates a fed-batch strategy for 
DCFT27a,b fermentations. 
0264 FIG. 30 depicts growth curves (Net OD vs time) of 
C. histolyticum in 5 L DCFT27a and DCFT27b fed-batch 
fermentations. 
0265 FIG. 31 depicts growth curves (Net OD vs time) of 
C. histolyticum in 5 L PBFT59a,b,c batch fermentations. 
0266 FIG. 32 depicts a growth curve (Net OD vs time) of 
C. histolyticum in 5 L DCFT27d fed-batch fermentation. 
0267 FIG.33a is a SDS PAGEgel for DCFT27d (Phytone 
Supplemented with amino acids): 

0268 Lane 1: High Molecular Weight Marker 
0269 Lane 2: 18 h (6.12 uL of sample) 
(0270 Lane 3: 17 h (6.12 uL of sample) 
0271 Lane 4: 15 h (6.12 uL of sample) 
0272 Lane 5: 14h (6.12 uL of sample) 
(0273 Lane 6: 13 h (6.12 uL of sample) 
(0274) Lane 7: 11.3 h (6.12 uL of sample) 
0275 Lane 8: 0.27 ug Collagenase I and 0.29 ug Colla 
genase II. 

0276 FIG. 33b represents a schematic diagram of the 
inoculation procedure. 
0277 FIG.33c represents a flow chart of an approximately 
200 L fed batch inoculation process. 
0278 FIG.34 shows a chromatogram after hydroxyapatite 
chromatography. 
0279 FIG. 35 shows a chromatogram after a fractogel 
TMAE anion exchange. 
(0280 FIG. 36 is an 8% Tris-Glycine SDS-PAGE analysis 
of Pre HA, Post HA and Post TMAE material from 5 L scale 
process: 
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Lane Sample Load volume, ul 

1 High Molecular Weight Marker 2O 
2 Collagenase ABC I reference 11g 2O 
3 Collagenase ABC II reference 1 Jug 2O 
4 Pre HA-1 pig 2O 
5 Post HA-1 ug 2O 
6 Post TMAE - 1 Jug 2O. 

0281 FIG. 37 shows a chromatogram after a fractogel 
TMAE anion exchange. 
0282 FIG.38 is an 8% Tris-Glycine SDS-PAGE analysis 
of Q Sepharose IEX chromatography of post TMAE material 
run in the presence leupeptin: 

Lane Sample Load volume, ul 

1 High Molecular Weight marker 2O 
2 Collagenase ABC I reference 11g 2O 
3 Collagenase ABC II reference 1 Jug 2O 
4 Post TMAE/Post Dialysis - 1 Jug 2O 
5 Fraction D6 - neat 2O 
6 Fraction E6 - neat 2O 
7 Fraction F7 - 1 Jug 2O 
8 Fraction F6 - 1 Jug 2O 
9 Fraction F5 - 1 Jug 2O 
10 Fraction F4 - neat 2O. 

(0283 FIG. 39 is an 8% Tris-Glycine SDS-PAGE analysis 
of Q Sepharose IEX chromatography of post TMAE material 
run in the presence of leupeptin. Gel 2-Peak 2 (ABCI): 

Lane SampleLoad volume, Il Load volume, ul 

1 High Molecular Weight marker 2O 
2 Collagenase ABC I reference 11g 2O 
3 Collagenase ABC II reference 1 Jug 2O 
4 Fraction B2 - neat 2O 
5 Fraction C1 - 1 Jug 2O 
6 Fraction C2 - 1 Jug 2O 
7 Fraction C3 - 1 Jug 2O 
8 Fraction C4 - 1 Jug 2O 
9 Fraction C5 - neat 2O 
10 Fraction C6 - neat 2O. 

0284 FIG. 40 shows a chromatogram after a Q Sepharose 
HPanion exchange with modified gradient. 
0285 FIG. 41 shows a chromatogram after a Superdex 75 
Gel Permeation chromatography of ABCII. 
0286 FIG. 42 is a 12% Bis-Tris SDS-PAGE analysis of 
Superdex 75 GPC of concentrated ABC II run in the presence 
of arginine: 

Lane Sample Load volume, ul 

1 Mark 12 marker 10 
2 Collagenase ABC I reference 11g 15 
3 Collagenase ABC II reference 1 Jug 15 
4 GPC load 1 lug 15 
5 Fraction D4 15 
6 Fraction D3 15 
7 Fraction D2 15 
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-continued 

Lane Sample Load volume, ul 

8 Fraction D1 Neat 15 
9 Fraction E1 15 
10 Fraction E2 15 
11 Fraction E3 15 
12 Fraction E4 15. 

0287 FIG. 43 shows a chromatogram after a Superdex 75 
Gel Permeation chromatography of ABCI. 
(0288 FIG. 44 is a 4-12% Bis-Tris SDS-PAGE analysis of 
Superdex 75 GPC of concentrated ABC I run in the presence 
of arginine: 

Lane Sample Load volume, ul 

1 Mark 12 marker 10 
2 Collagenase ABC I reference 1 Jug 15 
3 Collagenase ABC II reference 1 Jug 15 
4 GPC load 1 lug 15 
5 Fraction D4 15 
6 Fraction D3 15 
7 Fraction D2 15 
8 Fraction D1 15 
9 Fraction E1 15 
10 Fraction E2 15 
11 Fraction E3 15 
12 Fraction E4 15. 

0289 FIG. 45 represents a flow chart of one proposed 
manufacturing process. 
0290 FIG. 46 represents a flow chart of the fermentation 
procedure for process 3. 
0291 FIG. 47 represents a flow chart of the purification 
procedure for process 3. 
0292 FIG.48 is a SDS-PAGE (reduced) Coomasiestained 
for Intermediates AUXI and AUXII: 

0293 Lane 
0294) 1. High Molecular Weight Markers 
0295 2. 0.132 mg/ml ABC-I Reference 
0296 3. 0.0265 mg/ml ABC-I Reference 
0297. 4. 0.132 mg/ml AUX-I Intermediate 
0298 5. 0.0265 mg/ml AUX-I Intermediate 
0299. 6. 0.132 mg/ml ABC-II Reference 
0300 7. 0.0265 mg/ml ABC-II Reference 
0301 8. 0.132 mg/ml AUX-II Intermediate 
0302) 9. 0.0265 mg/ml AUX-II Intermediate. 

(0303 FIG.49 is a SDS-PAGE (reduced) Coomasiestained 
for Drug Substance: 

0304 Lane 
0305 1. High Molecular Weight Markers 
(0306 2. 0.132 mg/ml Mixed BTC Reference 
0307 3. 0.0265 mg/ml Mixed BTC Reference 
0308) 4.0.132 mg/ml Drug Substance 
0309) 5. 0.0265 mg/ml Drug Substance. 

0310 FIG.50 is SDS-PAGE (reduced) Silver stained Drug 
Substance: 

0311 Lane 
0312 1. HMW marker 
0313 2. Mixed BTC reference 1.3 ug 
0314 3. Blank 
0315 4. Drug Substance 1.3 ug 


































































































