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Abstract: Problem statement: Enzymes have vital roles in several industrial processes (foods, 
cosmetics, nutraceuticals and pharmaceuticals) due to their highly selective nature and high activity at 
very low concentrations. Recent efforts to identify new sources of useful enzymes have been 
concentrated on the marine environment because of the potential to make use of processing wastes. 
About 35-50% of the mass of the fish caught is a waste that is disposed off at sea or in landfills. The 
extraction of enzymes from fish processing waste can reduce environment problems and improve the 
economics of the fish industry. Collagenases are a group of enzymes that can be extracted from fish 
waste. Approach: Comprehensive reviews of the literature on the extraction, purification, 
characterization and use of collagenases was carried out. Results: Collagenases have different 
molecular weights based on their types and sources. They have the ability to break down the peptide 
bonds in collagen at physiological pH. They are classified into two types: serine and 
metallocollagenase. Collagenolytic activities have been shown at a wide range of temperatures (20-
40°C) and pH (6-8). Many activators can be used to achive collagenase activity including 4-
Aminophenylmercuric Acetate (APMA), trypsin, potassium or sodium thiocyanate, iodoacetamide and 
potassium iodide. Dithiothreitol (DTT), mercaptoethanol, ethylendiaminetetracetic acid, o-
phenanthroline and cysteine inactivate the enzyme. Collagenases enzymes can be extracted with a 
variety of techniques using different buffering systems (tris-HCl, sodium bicarbonate, calcium chloride 
and cacodylate). All techniques involve the use of ammonium sulphate fractionation and centrifugation 
to precipitate the enzyme. Collagenases are normally purified using chromatographic techniques such 
as gel-filtration, ion-exchange and affinity column chromatography. Collagenase can be assayed with a 
number of methods, including: colorimetric absorbance, viscometry, radioactivity and fluorescence 
spectroscopy. Collagenases are partly responsible for toughness in red meats and are used as 
tenderizers in food industry, have application in the fur and hide tanning to ensure uniform dying of 
leather, used in medicine to treat burns and ulcers, eliminate scar tissues, transplantation of organs. 
Conclusion: Understanding of the nature of the enzymes and identifying the most suitable resources 
and the methods for their extraction and purification will have significant impact on the fish 
processing, food and medical industries.  
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INTRODUCTION 

 
 Enzymes are used in a variety of industrial 
processes to create an array of foods (Foegeding and 
Larick, 1986; Cronlund and Woychik, 1987; 
Christensen, 1989; Ashie and Lanier, 2000; Dĩaz-López 
and García-Carreńo, 2000; Shahidi and JanakKamil, 
2001), cosmetics (Griffith et al., 1969; Lods et al., 
2000; Sim et al., 2000; Spök, 2006; Mohorcic et al., 

2006), nutraceutical (Zhao, 2007; Zarevúcka and 
Wimmer, 2008; Guerard et al., 2010) and medicinal 
products (Agren et al., 1992; Takahashi et al., 1999; 
Mirastschijski et al., 2002; Püllen et al., 2002; Chung et 
al., 2004). Enzymatic methods offer advantages over 
chemical techniques such as substrate specificity and 
elevated activity under mild conditions that allow better 
control of the production processes (Zaks et al., 1988; 
Shahidi and JanakKamil, 2001).  
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Fig. 1: Triple helix structure of collagen: A (Adapted 

from Morris and Gonsalves, 2010) and B 
(Adapted from TQS, 2004) 

 
 Recent efforts to identify new sources of useful 
enzymes have been concentrated on the marine 
environment because of the potential to make use of 
processing wastes (Shahidi and JanakKamil, 2001). It is 
estimated that approximately 35% of the mass of all 
fish caught results in a waste (Park et al., 2002) that is 
typically disposed of at sea or in landfills (Shahidi, 
1994). Thus, the extraction of enzymes from fish 
processing waste represents a solution to the costly 

disposal of waste and serves as a value-added 
processing step that improves the economics of the 
fish industry while minimizing environmental 
problems (Haard et al., 1994; Shahidi, 1994; 
Venugopal and Shahidi, 1995).  
 As proteolytic enzymes, collagenases have a 
number of industrial applications. Collagen is partly 
responsible for toughness in red meats and used as 
tenderizers in the food industry (Foegeding and 
Larick, 1986; Cronlund and Woychik, 1987). 
Collaganases have applications in fur and hide tanning 
to help ensure a uniform dying of leathers (Goshev et 
al., 2005; Kanth et al., 2008). However, the most 
common uses of these enzymes appear to be in 
medicine. They are used to treat burns and ulcers 
(Agren et al., 1992; Püllen et al., 2002), to eliminate 
scar tissue (Shmoilov et al., 2006) and play an 
important role in the successful transplantation of 
specific organs (Klöck et al., 1996; Kin et al., 2007). 
As more cost-effective methods are developed for the 
isolation and purification of collagenases, the range of 
biotechnological applications will surely expand. 
Therefore, understanding the nature of these enzymes 
and identifying the most suitable methods for their 
recovery and purification are paramount. 
 
Collagens: Collagen is the specific collagenase 
substrate and is found in the connective tissues of 
animals, making up approximately 30% of the protein 
in the human body (Di Lullo et al., 2002; Müller, 
2003). It consists of three peptide chains wound in a 
triple helix structure (Fig. 1) that offer support to both 
cells and tissues (Kadler et al., 1996). These peptide 
chains are in the sequence of Glycine -X-Y, with X 
and Y often proline and hydroxyproline and are 
usually stabilized by hydrogen bonding being in inter- 
and intramolecular cross-links. In mammals, some 21 
collagen types have been identified (Prockop and 
Kivirikko, 1995; Myllyharju and Kivirikko, 2001; 
Kielty and Grant, 2002), while twenty eight distinct 
collagen types have been identified in the human body 
(Myllyharju and Kivirikko, 2004; Veit et al., 2006). 
Table 1 lists the α chains (protein type) of the collagen 
types and the National Center for Biotechnology 
Information reference numbers that provide sequence 
information (Gordon and Hahn, 2010). These types 
differ based on both the tissue that the enzyme acts 
upon and the chemical structure of the enzymes 
(Harrington, 1996). 
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Table 1: Collagen α chains, number of amino acids and National Center for Biotechnology Information (NCBI) reference numbers (Adapted from 
Gordon and Hahn, 2010) 

α chain Number of amino acids NCBI reference number 
α1 (I)  1464 (includes 22 aa SP) NP_000079 
α2(I) 1366 aa (includes SP) NP_000080 
α1(II)A 1487 aa (includes 25 aa SP) NP_001835 
α1(II)B Same as a1(II)A but lacks vWC domain NP_149162 
α1(III)  1466 aa (includes 23 aa SP) NP_000081 
α1(IV)  1669 aa (includes 27 aa SP) NP_001836 
α2(IV)  1712 aa (includes 25 aa SP) NP_001837 
α3(IV)  1670 aa (includes 28 aa SP) NP_000082 
α4(IV)  1690 aa (includes 38 aa SP) NP_000083 
α5(IV)  1685 aa (includes 26 aa SP) NP_000486 
α6(IV)  1691 aa (includes 21 aa SP) NP_001838 
  (B, so form  P_378667) 
α1(V)  1838 aa (includes SP) NP_000084 
α2(V)  1499 aa (includes SP) NP_000384 
α3(V)  1745 aa (includes 29 aa SP) NP_056534 
α1(VI)  1028 aa (includes 19 aa SP) NP_001839 
α2(VI)  1019 aa (includes 20 aa SP) NP_001840 NP_001840 
 2C2a and 2C2a iso forms 
α3(VI)  (with 25 aa SP) 3177 NP_004360 –  
  multiple splicings 
mu α4(VI)  Not in human; mouse = 2309 aa Swiss-Prot A2AX52 
α5(VI)  2611 (includes SP)  Iso forms 2 and 3 NP_694996 (partial- 
  shows 2526 aa) 
α6(VI)  2263 aa (includes SP) NP_001096078 
α1(VII)  2944 aa (includes 16 aa SP) NP_000085 
α1(VIII)  744 aa (includes 28 aa SP) NP_065084;   
  cmkmNP_001841 
α2(VIII)  703 aa (includes SP) NP_005193 
α1(IX)  921 aa (includes 23 aa SP), Short form NP_001842 
 678 aa (includes 23 aa SP)  
α2(IX)  689 aa (includes SP) NP_001843 
α3(IX)  684 aa (includes SP) NP_001844 
α1(X)  680 aa (includes 18 aa SP) NP_000484 
α1(XI)A  1806 aa (includes 36 aa SP) NP_001845 
α1(XI)B  1818 aa (includes 36 aa SP) NP_542196 
α1(XI)C  1767 aa (includes 36 aa SP) NP_542197 
α2(XI))  1736 aa (includes 22 aa SP Iso forms 2 and 3 NP_542411 
α3(XI)  Same as α1(II)A NP_001835 
α1(XII)  3063 aa (includes 23 aa SP) Short form 1899 NP_004361  
 aa, includes same SP as long form (has NC1 variants) 
α1(XIII)  717 aa (transmembranous) NP_005194  
  (20+ splice variants) 
α1(XIV)  1796 aa (includes SP) Short form without NP_066933  
 N-terminal FNIII domain; NC1 variants) (has NC1 variants) 
α1(XV)  1388 aa (includes 25 aa SP) NP_001846 
α1(XVI)  1604 aa (includes SP) NP_001847 
α1(XVII)  1497 aa (transmembranous) NP_000485 
α1(XVIII)  1516 aa (includes 23 aa SP) Short form NP_085059   NP_569712
 1336 aa (includes 33 aa SP) 
α1(XIX)  1142 aa (includes 23 aa SP) NP_001849 
α1(XX)  Not in human; ch=1472 aa (without SP) NP_001004392 
α1(XXI)  957 aa (includes 22 aa SP) NP_110447 
α1(XXII)  1626 aa (includes SP) NP_690848 
α1(XXIII)  540 aa (transmembranous) NP_775736  
α1(XXIV)  1714 aa (includes SP) NP_690850 
α1(XXV)  654 aa (transmembranous) Iso form 2 is 642 aa NP_942014 
α1(XXVI)  439 aa (includes SP) NP_597714 
α1(XXVII)  1860 aa (includes 41 aa SP) NP_116277 
α1(XXVIII) 1125 aa (includes SP)  NP_001032852 
SP: Signal Peptide, vWC: von Willebrand factor C domain, FNIII: Fibronectin type III domain   
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Fig. 2: Assembly of trimeric molecules from α chain 
for collagen Types I and V (Adapted form 
Gordon and Hahn, 2010) 

 

 
(a) 

 

 
(b) 

  
Fig. 3: Collagen triple-helical peptides: (A) manually 

aligned into the active site of the catalytic 
domain of porcine MMP-1, (B) rotated 90° to 
the left, the active site shown as a cleft is 
unoccupied by the triple-helical peptide 
substrate, pink: catalytic domain, blue: Hpx, 
purple: zinc ion (Adapted from Kramer et al., 
2001) 

 Collagens have been classified based on the 
expression of different genes during tissue construction 
(Lozano et al., 1985). Collagen type I is the most 
common type that is found in bone, tendon, skin and 
ligaments, while collagen type III is the second most 
common and is found in elastic tissues such as blood 
vessels and various internal organs (Miller et al., 1971; 
Kielty and Grant, 2002). The abundance of types V and 
XI are low but they are found associated with the types 
I and II in bone and cartilage as well as in other tissues 
(Prockop and Kivirikko, 1995; Myllyharju and 
Kivirikko, 2001; Kielty and Grant, 2002). Figure 2 
shows the assembly of trimeric molecules for types I 
and V collagenases while Fig. 3 shows the collagen 
triple-helical peptides.  
 
Collagenase and collagenolytic enzymes: 
Collagenolytic enzymes: Very few enzymes are 
capable of breaking down the complex triple helix 
structure of collagen (Hayashi et al., 1980; Hulboy et 
al., 1997; Visse and Nagase, 2003). The enzymes that 
are capable of degrading collagen (including cathepsin 
and elastase) are known generally as collagenolytic 
enzymes. Cathepsin K cleaves collagen type I in an 
acidic medium (Garnero et al., 1998). Elastase is the 
most well-studied collagenolytic enzyme and is 
considered a serine protease enzyme (Brown and Wold, 
1973). It is principally responsible for the breakdown of 
elastin (a highly viscous insoluble protein found in 
connective tissue). Together with collagenase, they 
determine the mechanical properties of connective 
tissue by cleaving particular peptide bonds (Asgeirsson 
and Bjarnason, 1993; De-Vecchi and Coppes, 1996). 
 Kafienah et al. (1998) isolated and purified human 
neutrophil elastase with the ability to cleave collagen 
type I which is resistant to attack by most proteolytic 
enzymes. Elastase has been isolated from marine and 
fresh water fish species (Cohen et al., 1981; Clark et 
al., 1985; Asgeirsson and Bjarnason, 1993; Gildberg 
and Øverbø, 1990; Raa and Walther, 1989). In some 
situations, collagen is considered to be a poor substrate 
for collagenase, so that the initiation of collagen 
breakdown is inhibited. However, if the substrate is 
initially attacked by elastase, proteoglycans are 
removed from the collagen fibers which make it more 
susceptible to collagenase attack (Baici et al., 1982; 
Zeydel et al., 1986). 
 All other collagenolytic enzymes are members of 
the Matrix Metalloproteinase (MMP) family and act at 
a neutral pH (Visse and Nagase, 2003). Matrix 
metalloproteinase breakdown the chain of native 
triplehelical type I, II and III collagens after Gly in a 
particular sequence (Gln/Leu)–Gly---(Ile/Leu)–
(Ala/Leu) (---the bond breakdown point). This family 
includes collagenases MMP-1,  MMP-8,  MMP-13  and  
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Fig. 4: Model of different collagen binding sites and 

triple helicase mechanisms of membrane type 
(MT1-MMP), MMP-2, gelatinase A (MMP-2), 
MMP -1 and MMP -8, (A) sMT1-MMP, MMP-
2, MMP-1, MMP-8 and type I collagen. (B) 
native collagen binding and unwinding by 
MMPs. MT1-MMP, MMP-1 and MMP-8 
utilize the hemopexin C domain to bind 
collagen in the vicinity of the cleavage site and 
to induce localized helix unwinding, MMP-2 
utilizes the Collagen Binding Domain (CBD) 
for this function, while MMP-1 and MMP-8 
bind at a different site than MT1-MMP and 
MMP-2, (C) binding and localized unwinding 
in the vicinity of the collagenase cleavage site 
by recombinant MT1-LCD (membrane type- 
linker/hemopexin C domain) and MMP-2 CBD; 
by competitive inhibition this interaction blocks 
collagen cleavage by MT1-MMP and MMP-2, 
respectively, but promotes enhanced cleavage 
by MMP-1 and MMP-8 which to bind at a 
different site (Adapted  from Tam et al., 2004) 

 
MMP-18. MMP-2 is known as gelatinase A (Aimes and 
Quigley, 1995; Patterson et al., 2001). Figure 4 shows 
collagen binding sites and triple helicase mechanisms 
of MMP types. 
 Elastase and collagenase display about the same 
collagenolytic potential on human cartilage on a weight 

basis and the elastase/collagenase system from human 
polymorphonuclear leukocytes may represent a 
cooperative proteolytic complex in the destruction of 
cartilage in rheumatoid arthritis (Baici et al., 1982). 
 
Collagenase enzymes: Collagenase enzymes, as 
specific enzymes for the collagen substrate, have been 
isolated and characterized from both microbial cells and 
animal tissues. Microbial collagenases have been 
recovered from pathogenic microorganisms, principally 
Clostridium histolyticum. These collagenases split each 
polypeptide chain of collagen at multiple sites 
(Goldberg et al., 1986). They are thought to function as 
an exotoxin, causing hydrolysis of collagen in the host 
cells and disrupting metabolism in connective tissues 
(Lecroisey and Keil, 1979). Bacterial collagenases are 
quite versatile, being capable of hydrolyzing both 
water-insoluble native collagens and water-soluble 
denatured collagens (Mookhtiar et al., 1985).  
 While much of the research with microbial 
collagenases has focused on a single species, tissue 
collagenases have been isolated and characterized from 
a number of different tissues in many animals. Since 
tissue collagenases are digestive enzymes, they are 
commonly isolated from the digestive tracts of various 
fish and invertebrates including: tadpole tailfin (Gross 
and Nagai, 1965; Nagai et al., 1966), rabbit skin 
(Fullmer and Gibson, 1966), rat uterus (Jeffrey and 
Gross, 1967), rheumatoid synovial tissue (Evanson et 
al., 1968), mouse bones (Sakamoto et al., 1972), crabs 
(Eizen and Jeffrey, 1969; Grant et al., 1983; Klimova et 
al., 1990; Sellos and Van Wormhoudt, 1992; 
Gerasimova and Kupina, 1996; Zefirova et al., 1996), 
fresh water prawns (Baranowski et al., 1984), crayfish 
(Garcia-Carreno et al., 1994), Atlantic cod 
(Kristjánsson, et al., 1995), tropical shrimp (Penaeus 
vannamei) (Sellos and Van Wormhoudt, 1992; Van 
Wormhoudt et al., 1992) and catfish (Parasilurus 
asotus) (Klimova et al.,1990; Sellos and Van 
Wormhoudt, 1992).  
 Electrophoresis is used to characterize collagenase, 
principally by estimating molecular weight. Reported 
molecular weights vary significantly based on the 
enzyme type (serine or metallocollagenase) and the 
source (microbial or animal tissue). Harper et al. (1965) 
isolated two collagenases from Clostridium 
histolyticum with molecular weights of 105 and 57 
kDa. Bond and Van Wart (1984) isolated six different 
collagenases from the same species with molecular 
weights ranging from 68-128 kDa. Matsushita et al. 
(1994) reported that collagenases isolated from a 
related species of Clostridium perfringens had 
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molecular weights ranging from 80-120 kDa. It seems 
that bacterial collagenases typically have molecular 
weight >55 kDa while molecular weights of 
collagenases obtained from animal tissues tend to be 
lower. For instance, Sakamoto et al. (1972) isolated 
collagenase with molecular weight of 41 kDa from 
mouse bones.  
 McCroskery et al. (1975) reported molecular 
weights of collagenase from rabbit muscle between 33 
kDa and 35 kDa. A number of researchers (Kristjánsson 
et al., 1995; Roy et al., 1996; Sivakumar et al., 1999) 
isolated serine collagenses from digestive glands of 
marine organism with molecular weights <60 kDa. 
 The wide range of molecular weight is to be 
expected for an enzyme such as collagenase that does 
not have a single structure. Bond and Van Wart (1984) 
suggested that some of the variation in reported 
molecular weights of collagenases may be simply due 
to proteolysis of a larger collagenase precursor. For use 
in industry, such variation will be less important than 
overall collagenolytic activity but the potential for 
variation should be noted.  
 The production of tissue collagenases is thought 
to be stimulated in the presence of microbial 
collagenases which seem to serve as a key factor, 
similar to the action of exogenous enzymes produced 
by some microorganisms when added to food or feed 
(Taoka et al., 2007). They are typically classified as 
either serine collagenase or metallocollagenase, based 
on their different physiological functions. 
 
Serine collagenases: Serine collagenases, like all serine 
proteinases, contain a serine residue in their catalytic 
sites. They typically have molecular weights in the 
range of 24,000-36,000Da (Roy et al., 1996). They are 
normally associated with the digestive organ (Zefirova 
et al., 1996), are able to cleave the triple helix structure 
of collagen types I, II and III and are often involved 
with hormone production, protein degradation, blood-
clotting and fibrinolysis (Neurath, 1984).  
 Collagenolytic serine proteases (EC 3.4.21.32) 
were first isolated from the fiddler crab (Uca pugzlator) 
hepatopancreas (Eisen et al., 1973) but have now been 
extracted and characterized from the digestive tracts of 
a variety of fish and aquatic invertebrates (Eizen and 
Jeffrey, 1969; Grant et al., 1983; Baranowski et al., 
1984; Garcia-Carreno et al., 1994; Kristjánsson et al., 
1995; Gerasimova and Kupina, 1996; Zefirova et al., 
1996). Serine collagenases are much less abundant than 
metallo collagenases (Gonzales and Robert-Baudouy, 

1996). Tsu and Craik (1996) described the serine 
protease mechanism by the following reactions:  
 

    (1) 
 
• Under conditions where acylation is rate-limiting  

 
kcat = k2 (2) 
 
Km = KS (3) 

 
• Under conditions where deacylation is rate-limiting  

 
kcat = k3 (4) 
 
Km = KS[k3/(k2+k3)] (5) 

 
Metallocollagenase: Metallocollagenases are members 
of the Matrix Metalloproteinase (MMP) family with 
molecular weights between 30,000 and 150,000 Da 
(Harris and Vatar, 1982). Like all MMP, 
metallocollagenases are zinc-dependent enzymes and 
are inhibited by any chelator that binds those ions. 
Divalent calcium is required for stability (Stricklin et 
al., 1977). Only MMP 1, 8, 13, 14 and 18 have activity 
against native triple-stranded collagen types I, II, III, 
VII and X (Freije et al., 1994). Metallocollagenases are 
commonly recovered from animal and fish tissues such 
as bones, fins, skins and from marine crab 
hepatopancreas (Sivakumar et al., 1999).  
 Digestive organs can serve as a source of both 
serine collagenases and metallocollagenases but most 
studies have concentrated on digestive glands as a 
source of serine collagenase. Thus, waste tissues, in 
addition to digestive glands, can serve as a valuable 
source of metallocollagenase. 
 
Collagenase extraction and fractionation: A number 
of different extraction processes have been reported 
using different buffering systems, but all involve the 
use of precipitation and centrifugation to isolate the 
active protein. Most methods are carried out at 
physiological pH (7.4-7.6) and low temperature (<4°C) 
to prevent enzyme denaturation. Some of the most 
common extraction systems employed are: (a) tris-HCl 
buffer, (b) sodium bicarbonate buffer, (c) calcium 
chloride and (d) cacodylate buffer. These methods were 
chosen mainly based on their potential for scale up, 
costs and worker safety. 
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Tris-HCl buffer extraction: A number of very similar 
procedures have been used to recover collagenase from 
cells using tris-HCl buffers in a narrow pH range of 
7.4-7.6 with low concentrations of CaCl2 (5-20 mM) 
added to the buffer at temperatures < 4°C (Sakamoto et 
al.,1972; McCroskery et al., 1975; Ohyama and 
Hashimoto, 1977). All methods incorporate an 
ultracentrifugation step (>20 000g) followed by 
ammonium sulphate fractionation (with concentrations 
ranging from 25-80%) and precipitate recovery. 
Sakamoto et al. (1972) presented a simple procedure 
for extraction from mouse bone, essentially consisting 
of dissolution of the lyophilized tissue culture medium 
in tris-HCl buffer containing CaCl2 at a pH of 7.6, 
followed by ammonium sulphate fractionation and 
centrifugation (Fig. 5). Several other authors 
(Baranowski et al., 1984; Teruel and Simpson, 1995; 
Hernández-Herrero et al., 2003; Burgos-Hernández et 
al., 2005) employed a very similar technique to extract 
collagenase from a variety of fish tissues including cod 
and winter flounder (Pseudopleuronectes americanus) 
muscles and shrimp hepatopancreas, with the tris-HCl 
buffer containing CaCl2 but at a pH of 7.4, fractionation 
with ammonium sulfate (40-80%) and incorporating a 
filtration step prior to the initial centrifugation (Fig. 6). 
 Others researchers modified this basic procedure 
for a number of reasons. Ohyama and Hashimoto 
(1977) added sodium thiocyanate to the crude extract 
after centrifugation to serve as a collagenase activator 
(Fig. 7). McCroskery et al. (1975) and Iijima et al. 
(1981) added sodium azide to suppress the microbial 
growth (Fig. 8). 
 Delaissè et al. (1985) and Gillet et al. (1977) added 
high sodium chloride concentrations (up to one M) 
during extraction to encourage the dissociation of 
collagenase from insoluble collagen. Ohyama and 
Hashimoto (1977) incorporated repetitive freeze-thaw 
cycles to disrupt cell walls and make the enzyme more 
accessible to the buffer. However, very few reports 
describe yield with each step so it is difficult to access 
the efficiency of extraction with the variation in 
techniques.  
 
Sodium bicarbonate buffer extraction: Sivakumar et 
al. (1999) extracted collaganase from green crab 
hepatopancreas by homogenizing the tissue in sodium 
bicarbonate buffer (pH 8.3) containing calcium chloride 
and then stirring for 36 hours to extract the enzyme. 

The collagenase was then isolated by precipitation in 
cold acetone. The same method was used by Indra et al. 
(2005) to isolate collagenase from the hepatopancreas 
of a land snail (Achatina fulica). On an industrial scale, 
the use of an organic solvent is unlikely to be practical 
because of risks of fires and explosions. The prolonged 
period of stirring would, lead to increased chances of 
microbial growth and the addition of an antimicrobial 
would increase costs. 
 
Unbuffered water extraction: Unbuffered water 
containing CaCl2 has been used to extract collagenase 
from Atlantic cod intestines by Kristjánsson et al. 
(1995). The pH was adjusted to 7.5 with NaOH after 
homogenization. The mixture was stirred for 22 h, left 
standing for 30 h and then centrifuged. The supernatant 
was concentrated and fractionated by ammonium 
sulphate (20-50%). The use of calcium ions increases 
the enzyme thermal stability by about 7-8°C, where 
calcium bind with the enzyme at a single site (Sipos and 
Merkel, 1970; Bode and Schwager 1975; Chiancone et 
al., 1985; Klimova et al., 1990). Maintaining a constant 
pH without using buffer would be very difficult and is 
very unlikely that the extraction was actually carried 
out at a constant pH of 7.5. It is time consuming (two 
days standing), making it unacceptable for large scale 
processing and possibly leading to undesirable changes 
in the homogenate. 
 
Cacodylate buffer extraction: Cacodylate buffer at 
a pH of 6.0 has been used to extract collagenase from 
fresh tissue of fetal-mouse calvarium skulls 
(Eeckhout et al., 1986). The tissues were not 
homogenized in this method in an attempt to prevent 
inhibitors from being brought into contact with 
collagengase. Dissociation of collagenase from 
insoluble collagen was carried out using high NaCl 
concentrations while the cacodylate buffer 
demineralizes the bones to release the collagenase. 
Calcium was omitted but a non-ionic detergent was 
used to stabilize the extracted collagenase (Gillet et al., 
1977; Delaissè et al., 1985). This method reported for 
the first time the isolation of procollagenase from the 
bone. It is only appropriate with soft fetal skulls and 
bone collagenases and homogenization would certainly 
be required for fish waste. In addition, cacodylate 
buffer is a carcinogenic substance which would make it 
quite difficult to be applied at large scales. 



Am. J. Biochem. & Biotech., 6 (4): 239-263, 2010 
 

246 

 
 

Fig. 5: The buffer extraction and fractionation system of mouse bone collagenase enzyme used by Sakamoto et al. 
(1972) 

 

 
 

Fig. 6: The Tris-buffer extraction and fractionation system of collagenase enzyme from freshwater prawn 
(Baranowski et al., 1984) and winter flounder fish skeletal muscle (Teruel and Simpson, 1995) 

°
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Fig. 7: The modified Tris-buffer extraction and fractionation procedure of collagenase enzyme from human skin 

basal cell Epithelioma used by Ohyama and Hashimoto (1977) 
 

  
 

Fig. 8: The modified Tris-buffer extraction and fractionation procedure of collagenase enzyme from rabbit tumour 
tissue used by McCroskery et al. (1975) 
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Fig. 9: Separation principles in chromatographic 
purification (Adapted from Amersham 
Biosciences, 2010) 

 

 
 
Fig. 10: The Gel filtration procedure used to purify 

collagenase enzyme by Sivakumar et al. 
(1999) and Indra et al. (2005) 

 
Collagenase purification: Once a crude collagenase 
extract is recovered, it must be purified using one of 
several chromatographic methods that can be classified 
as: gel filtration, ion exchange, hydrophobic interaction 
or affinity Figure 9 shows the principle of these 
purification processes. It should be noted that these 
chromatography techniques are  commonly  coupled  
together  so that  most purification  schemes   will   
begin with   gel   filtration,  followed by either ion 

exchange or affinity chromatography or both, 
depending on the application. 
 
Gel filtration: Gel filtration is known as size exclusion 
or molecular sieve chromatography. It separates 
molecules based on size. It is a physical separation 
where the column packing material contains pores that 
only molecules within a particular size or mass range 
can enter and be retained. Many commercial gel 
matrixes are used such as Sephadex (10, 25, 50, 75, 100 
and G-200), Sepharose, Sephacryl, Sepharose CL and 
Bio-Gel. These different materials have different 
protein size-exclusion ranges. Proteins can be separated 
by running them through the appropriate gel resin 
column. All the procedure should be carried at 4°C and 
the selection of the gel-powder type is based on the 
particular protein(s) of interest (Kaufman et al., 1995).  
 Several researchers performed collagenase 
purification using gel-filtration chromatography. 
Ohyama and Hashimoto (1977) used Sephadex G-150 
to purify collagenase of human skin. Kristjánsson et al. 
(1995) isolated the purified collagenolytic serine 
proteinase from the Atlantic cod using phenyl-
Sepharose CL-4B. Sivakumar et al. (1999) and Indra et 
al. (2005) used gel-filtration chromatography on 
Sephadex G-100 to obtain purified collagenase from 
hepatopancreas of the marine crab and land snail, 
respectively (Fig. 10). Several gel-powders have been 
used including: Polyacrylamide (Sakamoto et al., 1972) 
and  mixtures  of polyacrylamide and dextran 
(Callaway et al., 1986; Sakurai et al., 2009). Regardless 
of support material, all groups seem to consistently 
employ a maximum pore size such that 200 kDa is the 
upper molecular mass limit for solute retention (i.e., all 
molecules with large molecular masses pass through the 
column with the solvent). With the uncertainty in 
molecular mass of collagenase, such a high mass limit 
seems prudent. 
 
Ion-exchange chromatography: Ion-exchange 
chromatography separates ions and polar molecules 
according to charge. It is based on ionic interaction of 
the analyte molecules with the column and can 
exchange either anions or cations. At a given pH most 
proteins have an overall negative or positive charge 
depending on their isoelectric point (pI), hence these 
proteins interact with an oppositely charged column 
packing. Proteins are retained due to the different 
amount of charges that they carry. There are two 
commonly used types of columns: (a) (CM) sephadex
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Fig. 11: Chromatographic procedure used to purify collagenase enzyme by Sakamoto et al. (1972) 
 
Diethylaminoethyl (DEAE) cellulose for binding to net 
negatively charged proteins and (b) carboxymethyl for 
binding to net positively charged proteins (Kaufman et 
al., 1995). 
 At optimal pH levels (near 7.0), collagenase will 
bear an overall negative charge and anionic exchange 
packings must be employed. Anion exchange 
chromatography based on Diethylaminoethyl (DEAE) 
cellulose or agarose is by far the most common ion 
exchange technique that has been used by a number of 
researchers to partially purify collagenase (Keller and 

Mandl, 1963; Gross and Nagai, 1965; Hook et al., 
1972; Sakamoto et al., 1972; Ijima et al., 1981; Lim et 
al., 1993; Kristjánsson et al., 1995; Kim et al., 2002) as 
shown in Fig. 11-13.  
 
Hydrophobic Interaction Chromatography (HIC): 
HIC makes use of surface hydrophobicity interaction 
of protein and column packing material in the 
presence  of  high  salt concentrations. Because 
amino  acids  have  different hydrophobicity, HIC 
can  be  used  to  separate   proteins and enzymes 
with  different  compositions    (Miller   et al., 1985). 
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Fig. 12: Chromatographic procedure used to purify 

collagenase enzyme by Iijima et al. (1981) 
 
This technique is similar to Reverse Phase (RP) 
chromatography where non-polar structures, such as 
alkyl ligands, are attached to a support and form 
reversible interactions with the solutes. With HIC, 
however, the interactions are much weaker so that 
proteins are not strongly retained and can be recovered 
with polar solvents with varying salt concentrations 
(Queiroz et al., 2001). Kristjánsson et al. (1995) used a 
column of phenyl-substituted agarose to partially purify 
collagenase. Sakurai et al. (2009) used this technique 
but with a more hydrophobic butyl substitute. 
Generally, the use of this technique for purification of 
collagenase is not common. 
 
Affinity chromatography: Affinity chromatography 
uses a specific interaction between a substrate and a 
biologically active substance and is the most powerful 
method for protein purification. This method is based 
on the high affinity of some proteins to specific 
chemical groups (ligands) covalenty attached to a 
chromatographic bed material  (Kaufman  et al.,  1995).  

 
 
Fig. 13: Chromatographic procedure used to purify 

collagenase enzyme by Kristjánsson et al. 
(1995) 

 
The interaction may be very specific, with a substrate 
bonded to the stationary phase that only the enzyme of 
interest can interact with such as a collagen-collagenase 
pairing. Stationary phases with collagen as ligand are 
not commercially available but a number of research 
groups have prepared their own packing materials to 
make use of this very specific interaction (Ohyama and 
Hashimoto, 1977; Ijima et al., 1981; Evans, 1985; 
Tyagi and Cleutjens, 1996). 
 More general interactions involve a ligand bound 
to the stationary phase that interacts with a number of 
molecules that contain certain structures. Callaway et 
al. (1986) used sugar- binding proteins, such as lectins, 
in affinity columns to isolate collagenase by interaction 
with its specific oligosaccharide moieties. This 
biospecific application has potential to produce highly 
purified enzymes but seems to find limited application, 
likely because of the additional preparation steps 
required to produce a stationary phase that is not 
commercially available.  
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Factors affecting collagenase activity: Collagenases 
are secreted as zymogens or inactive enzyme 
precursors. These latent enzymes require a change in 
structure (or activation) to achieve collagenolytic 
activity. Inactive forms of collagenase may, also, be 
present due to interaction with other molecules or 
inhibitors and cleaving the linkages between inhibitors 
and collagenases may be necessary to generate 
collagenolytic activity (Sellers et al., 1977). Thus, 
addition of activators and control of inhibitors during 
extraction and purification of collagenase becomes 
critical. In any process used to isolate collagenases, it is 
crucial to avoid denaturation of the enzyme and 
maintain its activity. While a number of structures serve 
as activators or inhibitors, temperature and pH are 
considered to be the most important factors in retaining 
collagenolytic activity. 
 
Temperature: Collagenases isolated from marine fish 
have shown activity at a variety of temperatures, 
depending on the tissue and species from which they 
were isolated. Sovik and Rustad (2006) reported that a 
decrease in enzyme activity seems to become an issue 
at temperatures >35°C in viscera from tusk (Brosme 
brosme) and ling (Molva molva). Teruel and Simpson 
(1995) reported that tissues isolated from other fish 
such as muscle in winter flounder yielded collagenases 
that began to denature at temperatures >40°C. Park et 
al. (2002) reported that some species (mackerel viscera) 
showed maximal activity at temperatures as high as 
55°C. This temperature range seems to be strongly 
influenced by the type of collagenase examined. 
Several researchers (Eizen and John, 1969; Zefirova et 
al., 1996; Sivakumar et al., 1999) showed that the 
temperature for optimal activity is tissue and species 
specific. Sovik and Rustad (2006) showed that 
metallocollagenases isolated from the muscle of cod 
had maximum activity at 20°C, while maximum 
activity of serine collagenases isolated from the viscera 
of the same species was at 50°C. Despite this high 
degree of variation, it would seem that temperatures 
<20°C should be sufficient to preserve collagenolytic 
activity in most tissues.  
 
pH: Collagenase enzymes recovered from fish and 
aquatic invertebrates seem to exhibit optimal activity at 
physiological pH (Eisen et al., 1970). For most species 
and tissues, this physiological pH is within the range of 
6.0-8.0. Teruel and Simpson (1995) isolated a 
collagenolytic enzyme from the skeletal muscle of 
winter flounder with greatest activity at a pH of 7.5 

while the most enzyme activity of collagenolytic serine 
proteases isolated from digestive tracts of various fish 
and aquatic invertebrates (including crabs, prawns, 
crayfish and cod) is within the pH range of 6.5-8.0 
(Haard and Simpson, 1994). Other studies found 
slightly higher pH values (7.0-8.0) to be optimal for 
collagenolytic activity in the digestive tissues of crabs, 
mackerel and file fish (Sivakumar, et al., 1999; Kim et 
al., 2002; Park et al., 2002). Extremes of pH are to be 
avoided. Kristjánsson et al. (1995) showed that 
collagenases isolated from Atlantic cod intestine were 
unstable at pH<7.0 and were denatured at pH 5.0. 
Haard and Simpson (1994) reported that 
metallocollagenases were inactivated at pH<6.0. Little 
information is available at pH>8.0, so it seems prudent 
to maintain pH between 7.0 and 8.0 to ensure the 
retention of collagenolytic activity. 
 
Inhibitors: Enzyme inhibitors are molecules that 
interact with the enzyme or compounds that chelate 
metal ions required by the enzyme to maintain 
conformation. Compounds containing sulphydryl 
groups, such as Dithiothreitol (DTT) and 
mercaptoethanol, will irreversibly inactivate 
collagenase through reduction of thiol functionalities 
(Hook et al., 1971; Woessner, 1991). 
Metallocollagenases are zinc-dependant and both 
metallocollagenases and serine collagenases require 
calcium. The Ethylenediaminetetraacetic Acid (EDTA), 
a well-known metal chelator, is an effective collagenase 
inhibitor (Hook et al., 1971; Fullmer et al., 1972; Vaes, 
1972; Ohyama and Hashimoto, 1977; Woessner, 1991; 
Sivakumar et al., 1999; Indra et al., 2005). 
Interestingly, while required by metallocollagenases, 
zinc is an effective inhibitor of serine collagenases 
(Park et al., 2002). O-phenanthroline and cysteine have 
similar mechanisms of inhibition with both types of 
collagenase (Seifter et al., 1959; Endo et al., 1987).  
 Several groups of specific enzymes that inhibit 
collagenase exist. Serine protease inhibitors and tissue 
inhibitors of metalloproteinases are groups of enzyme 
inhibitors that bind with enzymes and, in this case, 
regulate serine collagenase and metallocollagenase 
activities (Woessner, 1991; Salzet et al., 1999). 
Disrupting these bonds can be an important mechanism 
in activating latent collagenases (Rajabi et al., 1988). 
Metallocollagenases are, also, inhibited by serum 
proteins such as α2-macroglobulin (Sakamoto et al., 
1972; Nagai, 1973; Sellers et al., 1977; Shinkai et al., 
1977; Woessner, 1991). 
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Fig. 14: Location of receptor binding domains (RBP) 
in α2M-N (α2-macroglobulin native) and α2M-
MA (α2-macroglobulin methylamine). The 
chisel-shaped features at the two ends of the 
native molecule sequester the RBDs (hatched 
oval). After thiol ester cleavage, the chisels 
split and rotate, exposing the RBDs near the 
tops of the arm-like features of α2M-MA. For 
clarity, the rotation and translation are 
depicted with arrows only at the top of the 
molecule (Adapted from Qazi et al., 1999) 

 
Activators: Typical collagenase is synthesized as a pre-
proenzyme and secreted as an inactive proenzyme 
consisting of: (a) a propeptide catalytic domain, a short 
linker region rich in proline and (b) a C-terminal 
Hemopexin (Hpx) domain (Birkedal-Hansen et al., 
1975; Sellers et al., 1977; Armour et al., 1984; He et 
al., 1989). Activation of collagenase by changing the 
proenzyme to the active form or by removal of 
inhibition could be useful for controlling collagenase 
mechanism activity in vivo. The breakdown of the 
collagen triple helical bond by MMP-1 requires the C- 
terminal Hpx domain. Clark and Cawston (1989) were 
the first to report to the role of C-terminal hemopexin 
(Hpx) in collagen breakdown by MMP-1 (collagenase 
I). Although the catalytic domain alone has proteolytic 
activities on noncollageneous proteins and peptides, it 
did not cleave collagen (Clark and Cawston, 1989; 
Murphy et al., 1992). Also, it is not easy to determine if 
the activation process is due to the destruction of a 
bound endogenous collagenase inhibitor or to the 
cleavage of a zymogen form to yield an active enzyme. 
Although, most authors supported the latter 

explanation, the structural basis for collagen-degrading 
specificity is not clearly understood (Woessner, 1977). 
 The most commonly used activator of collagaenase 
is arguably 4-Aminophenylmercuric Acetate (APMA). 
Sellers et al. (1977) were among the first groups to 
suggest that this reagent causes dissociation of a 
collagenase-inhibitor complex, resulting in free 
collagaenase. Sakamoto et al. (1972) suggested that 
trypsin (another common activator) might be used to 
bind trypsin inhibitors such as α2-macroglobulin, 
thereby preventing these from inhibiting collagenase. 
Woessner (1977) found that trypsin enhanced 
collagenase activity by almost 30%. α2-macroglobulin 
is able to inactivate an enormous variety of proteinases 
(including serine-, cysteine-, aspartic- and 
metalloproteinases). Sellers et al. (1977) showed that 
trypsin acts by preferential degradation of the inhibitor 
portion of the collagenase- α2-macroglobulin complex 
(Fig. 14). α2-macroglobulin is a major serum protein 
with diverse functions, including inhibition of protease 
activity and binding of growth factors, cytokinesand 
disease factors. It is also a panproteinase inhibitor that 
is found immunohistochemically in neuritic plaques.  
 Other activators (potassium or sodium thiocyanate) 
have been used to denature α2-macroglobulin (Abe and 
Nagai, 1972; Nagai, 1973). DTT, iodoacetamide and 
potassium iodide seem to follow a similar mechanism 
involving the removal, degradation or denaturation of 
the inhibitor (Abe and Nagai, 1973; Shinkai et al., 
1977; Rajabi et al., 1988). Reagents such as DTT 
require care when used as activators because their thiol-
reducing nature that results in degradation of the 
inhibitor is, also, capable of inhibiting collagenase. 
 
Collagenase enzyme assays: The principles of 
enzymatic activity are shown in Fig. 15 and 16 and can 
be described by the following equation:  
 

2Collagen H O Collagenas Petides+  (6) 
 
 Assays for collagenase can loosely be grouped into 
four different types: (a) colorimetric, (b) fluorescent, (c) 
viscometry and (d) radio activity. 
 
Colorimetric assays: The most basic method for 
determining enzyme activity is the ninhydrin (2,2- 
dihydroxyindane-1,3-dione) assay which was originally 
developed by Mandl et al. (1953). The ninhydrin assay 
detects the release of amino acids and peptides librated 
from the breakdown of collagen. Collagen is incubated 
with the enzyme and the librated peptides are  measured 
by colormetric ninhydrin methods to detect the 
nonspecific protease activity after incubation for 5 h at 
37°C (Moore and Stein, 1948; Moore and Stein, 1954; 
Rosen, 1957; Doi et al., 1981). 
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Fig. 15: Degradation of interstitial collagen by matrix 

metalloproteinase (MMP) collagenase: (a) A 
monomer of types I, II or III interstitial 
collagen, which shows the position of the 
glycine 775– leucine/isoleucine 776 bond that 
is cleaved by MMP-1 (b) Cleavage of 
collagen by frog collagenase into 3/4:1/4-
length fragments, reconstituted into segment 
long spacing structures that are viewed with 
electron microscope and (C) Digestion 
scheme of collagen by collagenolytic protease 
and Pz-peptidase (Adapted from Watanabe, 
2004 and Brinckerhoff and Matrisian, 2002). 

 
 In this method, ninhydrin reacts with free amino 
acids generated by the action of collagenase with the 
collagen and other substrate (azocoll and casein). 
Because ninhydrin reacts with all amino acids 
regardless of source, an obvious problem arises when 
this method is used with crude enzyme preparations 
where the background signal may be much larger than 
that from cleavage of collagenase. Thus, particular care 
should be taken when using this method on semi-
purified extracts, with particular emphasis placed on 
blank measurements (Lim et al., 1993). Despite this 
limitation, this assay remains a relatively simple 
method to perform and a number of studies have 
successfully used it with minor modifications of the 
incubation time and/or the amount of the substrate to 
determine collagenases isolated from a variety of 
sources (Rosen, 1957; Yoshida and Noda, 1965; Endo 
et al., 1987; Sivakumar et al., 1999; Yin et al., 2002; 
Park et al., 2002; Wu et al., 2010). 

 
(a) 

 

 
(b) 

 
Fig. 16: Steps involved in collagenolysis: (A) 

Collagenase binds to and locally unwinds 
collagen before it cleaves the triple-helical 
interstitial collagen and (B) Matrix 
metalloproteinase MMP-1(E200A) binds 
preferentially to the α2(I) chain and unwinds 
the triple-helical collagen, but is unable to 
cleave collagen. The unwound collagen 
becomes susceptible to non- collagenolytic 
proteinases indicated as ‘P’ and the α1 (I) 
chains are initially cleaved (Adapted from 
Chung et al., 2004) 
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Fig. 17: Sequence of internally quenched fluorescent 
collagenase substrate (Adapted from Saikumari 
and Balaram, 2008) 

 

 
 
Fig. 18: Sketched for Ubbelohde viscometer (Adapted 

from KFDA, 2010) 
 
Synthetic peptides and fluorescent assay: 
Collagenase activity can be determined using 
spectroscopic methods that measure the cleavage of 
synthetic peptides by collagenase. Pz-PLGPR (p- 
phenylazobenzyloxycarbonyl- L- prolyl-L-leucyl-
glycyl-L-prolyl-D-arginine), Pz-PLGPR (Pz-Pro-Leu-
Gly-Pro-R) and PLGPA (Pz-Pro-Leu-Gly-Pro-D-Arg) 
can  simply be incubated for several hours with 
collagenase at 37°C and the enzyme activity 
monitored through the ninhydrin assay (Wiinsch and 
Heidrich, 1963; Nagai et al., 1976; Lecroisey and 
Keil, 1979; Endo et al.,1987; Matsushita et al., 1994; 
Hernández-Herrero et al., 2003). However, the 
advantage over regular ninhydrin-based assays is that 
the hydrolyzed Pz-product can be separated by 
extraction with organic solvent from both the 

unhydrolyzed reagent and any amino acids that may be 
present in the sample, thus mimimizing the problem of 
high background signal normally encountered with 
regular ninhydrin assays.  
 Synthetic peptides incorportating a fluorescent 
label have also been used (Fig. 17). Kojima et al. 
(1979) employed a fluorescence assay for collagenase- 
like peptidase using succinyl-Gly-Pro-Leu-Gly-Pro-4-
methylcoumaryl-7-amide (Suc-GPLGP-MCA) as a 
synthetic substrate. Barrett et al. (1989) assayed a 
clostridial collagenase using N-(2,4-dinitrophenyl)-Pro-
Leu-Gly-Pro-Trp-Lys substrate. Bickett et al. (1993); 
Gould et al. (1999) and Saikumari and Balaram (2008) 
used similar fluorescently-labeled substrates to achieve 
high sensitivity in collagenase activity measurements. 
Variation in these fluorescent techniques include: (a) 
labeling the products of collagenase activity rather than 
employing a synthetic substrate, (b) employing a 
reagent that forms a fluorescent complex with amino 
acids, (c) adding fluoresamine after incubating the 
enzyme and (d) using fluorescent substrate (Evans and 
Ridella, 1984). Similar to the ninhydrin method, it is 
detecting the amino acids released after collagen 
hydrolysis. The primary advantage of this technique is 
the low detection limit. However, caution needs to be 
employed because any substance that quenches the 
fluorescence (such as APMA or high protein 
concentrations) will interfere with this fluorescence 
assay.  
 Unfortunately, whether measuring absorbance or 
fluorescence, assays using synthetic substrates or 
fluoresamine-labeled product are rarely specific. Thus, 
one of the greatest obstacles with the use of these 
techniques is the confusion that may arise due to the 
action of proteolytic enzymes other than collagenase. 
Like the ninhydrin method, careful use of blanks is 
necessary. 
 
Viscometry: Collagen dissolved in solution is very 
viscous. With collagenase action and degradation of 
collagen, the viscosity of the solution decreases. This 
change in viscosity at constant temperature and time 
correlates with collagenolytic activity and can be easily 
determined through viscometry (Fig. 18). With the 
widespread availability of synthetic peptides, this 
method now has limited use but was popular in the past 
(Gallop et al., 1957;  Lazarus   et al., 1968;   Eizen   and  
Jeffrey, 1969; Vaes, 1972; McCroskery et al., 1975; 
Ohyama and Hashimoto, 1977; Sivakumar et al., 1999). 
 
Radioactively-labeled collagen: With this technique, 
the collagenolytic activity may be evaluated by using 
collagen labeled with either tritium (Eeckhout et al., 
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1986) or 14C (Ohyama andHashimoto, 1977; Murphy et 
al., 1982; Birkedal-Hansen et al., 1985). In contrast to 
methods using synthetic peptides, these methods are 
specific for collagen but the only great deterrent to the 
use of this technique is the cost of labeled substrate. 
Also, detection limits with techniques based on 
radioactively-labeled collagen are quite low at the 
nanogram level (Evans and Ridella, 1984). 
 

CONCLUSION 
 
 Enzymes are used in a variety of industrial 
processes to create an array of foods, cosmetics, 
nutraceuticals and pharmaceuticals. They offer 
advantages over chemical techniques including 
substrate specificity and elevated activity that allow 
better control of the production processes. However, the 
use of enzymes in industrial applications requires their 
large scale production.  
 There are a few enzymes that breakdown collagen 
other than collagenase (cathepsin K and elastase), but 
collagenase enzymes (serine collagenase and 
metallocollagenase) are specific enzymes for collagen. 
They are particularly attractive because they do not 
require special conditions to break down the substrate. 
Collagenase enzyme can be isolated from digestive 
organs of different fish and invertebrates. They are 
secreted as latent form that can be activated with a 
member of different material that convert it to the 
active form. 4-Aminophenylmercuric Acetate (APMA) 
is the most commonly used but trypsin, Dithiothreitol 
(DTT) and other activators (potassium or sodium 
thiocyanate) have been used. On the other hand, 
Ethylenediaminetetraacetic Acid (EDTA), 
mercaptoethanol, O-phenanthroline and cysteine have 
similar mechanisms to inactivate collagenases. 
Collagenase enzymes are effective at physiological pH 
(6-8) and a wide range of temperature (20-40°C). 
 Electrophoresis is used to characterize collagenase 
molecular weights. Collagenase enzymes molecular 
weights vary significantly based on the type (serine or 
metallocollagenase) and the source (microbial or animal 
tissue). Different extraction methods use different 
buffering systems including: tris-HCl, sodium 
bicarbonate, calcium chloride and cacodylate buffer but 
all involve the use of precipitation and centrifugation to 
isolate the active protein. Most methods are carried out 
at physiological pH (7.4-7.6) and a temperature ≤ 4°C. 
The extraction methods used for this enzyme must be 
free of any organic solvent (for safety) and have low 
coast. Therefore, the use of buffer system is the most 
common method. Tris-HCl with a low concentration of 
CaCl2 (5-20 mM) and some times with NaCl (0.2 mM) 

at a pH value within the range of 7.4-7.6 and a 
temperature below 4°C is the most reported method. To 
avoid the use of ultra speed centrifugation, glass wool 
or other simple filters can be used to remove most of 
the undesirable material, followed by centrifugation at 
low speed and then ultrafiltration. The enzyme is 
fractionated by 40-80% of (NH4)2SO4. Once a crude 
collagenase extract is recovered from its tissues, it must 
be purified using one of several chromatographic 
methods: gel filtration, ion exchange, hydrophobic 
interaction or affinity chromatography. The most 
effective method is that which uses a combination of 
several of those techniques.  
 Collagenase enzymes can be assayed one of four 
methods: (a) colorimetric, (b) fluorescent, (c) 
viscometry and (d) radio activity. The most common 
assay method is that colorimetric ninhydrin method. 
However, the problem with this method is that the 
background signal may be much larger than that from 
collagenase cleavage. Thus, particular care should be 
taken when using this method. The advantage of 
fluorescent technique over regular ninhydrin-based 
assays is that the hydrolyzed Pz-product can be 
separated by extraction with organic solvent from both 
the unhydrolyzed reagent and any amino acids that may 
be present in the sample, thus eliminating the problem 
of high background signal encountered with regular 
ninhydrin assays. However, measurements of 
absorbance or fluorescence (using synthetic substrates 
or fluoresamine-lablled product) are rarely specific. 
Thus, one of the greatest obstacles with the use of these 
techniques is the confusion that may arise due to the 
action of proteolytic enzymes other than collagenase. 
Like the ninhydrin method, careful use of blanks is 
necessary. Efficient production of collagenase requires 
low-cost procedures and thus must avoid sophisticated 
methods that increase the production costs.  
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