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S U M M A R Y  

I A collagenase from Streptomyces madurae, specific for na t ive  collagen and its 
gelat in,  is described.  The enzyme is s imilar  to tha t  e l abora ted  b y  Clostr, d ,um h,sto- 
lyt~cum 

2 The  p H  o p t i m u m  is a round  7 5 and ac t i v i t y  is i r revers ib ly  Inhibi ted  by  
cys teme and urea  Al though  E D T A  inhibi ts  ac t iv i ty  i t  is reversed b y  added  calcium. 
Sul fhydry l - inh ib l t ing  agents  have  no de tec tab le  effect on act ivi ty .  

3 The molecular  weight  of the  enzyme (approx.  35 ooo) is smal ler  t han  the  
values r epor ted  for o ther  bac te r ia l  collagenases. 

INTRODUCT] ON 

Collagenolyt lc  ac t i v i t y  was repor ted  for Streptomyces madurae m 1964 (ref I) 
and  represented  the  second bac te r ia l  enzyme fulfilhng the cr i ter ia  of a specific col- 
lagenase as defined b y  MANDL 2. The other  bac te r ia l  enzyme, der ived  from Clostr, d ,um 
h*stolyt, cum and C perfr~ngens, has been purified and characterized3, a A th i rd  bac te r ia l  
collagenase has recen t ly  been repor ted  b y  SCHOELLMANN AND FISHER 5 in s t ra ins  of 
Pseudomonas aerug,nosa_ A collagenase of fungal  ongm was first r epor ted  for the  
d e r m a t o p h y t e  Trwhophyton schoenle,m~ 1. The present  communica t ion  describes the  
isolat ion and proper t ies  of collagenase from S madurae 

E X P E R I M E N T A L  

Substrate preparation. Newly  weaned gumea  pigs were first dep i la ted  with  
Nair  and  then  sacrificed The t runk  and back-skin  was removed,  scraped to remove 
excess flesh and f a t t y  tissue, frozen in sohd CO2, and ground,  usmg sohd CO 2, to a fine 
powder  in a Disposal  t issue gr inder  Af ter  the  solid CO 2 evapora ted ,  the  powder  
was dissolved In 3 % acetic acid and allowed to s t and  overnight  a t  4 °. The following 
procedures  were carr ied out  a t  4 ° The  mate r i a l  was centr i fuged at  12 ooo r e v / r a i n  for 
30 rain and fi l tered The sed iment  af ter  cent r i fugat lon  was again shaken overnight  
wi th  3 % acetic acid Fol lowing cent r i fugat lon  and fi l trat ion,  bo th  f i l t rates  were corn- 
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breed To the filtrate was added IO~o NaC1 and after s tanding for 6 h in the cold, the 
solution was centrifuged at 12 ooo r ev / r a in  for 30 rain_ The sediment was redlssolved 
in 3% acetic acid after shaking overnight in a water bath A second salt precipi tat ion 
was carried out and the sediment dissolved a third t ime in 3~o acetic acid. After 
shaking overnight,  the filtrate was centrifuged, the supernate  dialyzed against 0-05 % 
acetic acid for 24 h and lyophilized. The inatermal was resistant to t rypsin and p e p s i  at 
physiological pH and appeared homogeneous in electron mlcrographs, showing the 
characteristic bandmg  and periodicity of reconst i tuted collagen fibers For viscosity 
studies, dried collagen was redlssolved in 3% acetic acid, dialyzed against phosphate 
buffer (pH 7 5) (I = o 45), then 0-45 ionic s trength NaC1. The part iculate  dried mater ia l  
was used for the nmhydr ln-eol lagenase  assay 

Assay methods 
(I)  Hydrolysis of collagen The change in the flow rate of solubihzed collagen 

(specific viscosity) with t ime in the presence of collagenase was determined by a method 
modified from SEIFTER e~ al_ 4 Low shear Ostwald viscosimeters were used The reaction 
mixture  contained I 4 ml of dissolved collagen (I mg/ml) and o I ml of enzyme prepa- 
ra t ion (o 05-0 I mg/ml) The increase in flow rate was determmed at various periods 
at 3 °0 Act ivi ty  was expressed as the increase in flow rate (specific viscosity) per o I mg 
enzyme protein. The ratio (~t/B °) represents the t ime of flow of the reaction mixture  
at the end of I h relative to distilled water 

The release of soluble hydroxyprohne-conta in ing uni ts  was determined for the 
reaction mixture  following precipitat ion by IO% trichloroacetlc acid In a ratio of I I 
Free and bound hydroxyprohne-contamlng units  were determmed by  the method of 
PROCKOP AND UDENFRIEND 6 The release of nmhydrln-posmtlve groups from part iculate 
collagen was determined by  a modification of the MANDL, KELLER AND MANAHAN 7 
method IO mg of part iculate collagen were suspended m 5 ml phosphate buffer 
(pH 7 4, o 067 M) containing o 45 % NaC1 and o I ml enzyme solution (I mg/ml) The 
mixture  was incubated  on a Dubnoff shaking water ba th  at 37 ° for 18 h or for specified 
intervals  The undissolved collagen was removed by  filtration To I ml of filtrate was 
added o 5 ml cyanide acetate buffer and o 5 nil n inhydr ln  solution s. The reaction 
mixture  was boiled 15 rain followed by rapid cooling and addit ion of 5 ml of di luent  
(isopropyl alcohol-water  in a ratio of I .I) After coohng, the developed color was read 
in a Beckman DU speetrophotometer  at 57 ° m#  Leuclne was used as the s tandard  
and act ivi ty  was expressed as/~moles of leuclne equivalent  released per uni t  tmie. 

(2) Hydrolysis of Azocoll 20 mg of Azocoll (Worthington) were suspended in 
4 9 ml o 05 M Tris-HC1 buffer and o I ml of enzyme preparat ion (I mg/ml) in Trls-HC1 
buffer was added The reaction mixture  was incubated  at 37 ° on a shaking water ba th  
for 18 h or for specified intervals Unhydrolyzed Azocoll was removed by  filtration 
and the red color of the solution was read at 54 ° m#  in a Beckman DU spectrophoto- 
meter  The init ial  rate of dye release from Azocoll was expressed in Q units  9 

(3) Hydrolysis of casezn 4 ml of o 6 °/o casein solution in TrIs-HC1 buffer (o I M, 
pH 7 8) were incubated  with o.I ml of enzyme solution at 37 ° for various intervals  
The reaction was stopped by  adding 2 ml of 25~o trlchloroacetlc acid. The mater ial  
was filtered and the filtrate read at 278 m#,  a modification of the method published by  
YOSHIDA AND NODA a. Crystalhne bovine a lbumin  was used as the s tandard ,  act ivi ty  
was expressed as mg protein released per mg enzyme protem per rain. 
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Enzyme preparatzon 
Streptomyces madurae was grown as macrocolonxes in a New Brunswick Microferm 

in t rypt lcase soy broth in 12-1 lots (at 3 o°, agitation at 300 rev/rain,  aeration at 4 1 
per man, 5 days) The orgamsms were separated by  filtration and the filtrate brought  
to 40 % saturat ion with solid ammonium sulfate The resulting precipitate was centri- 
fuged and the crude enzyme preparat ion was dialyzed against distilled water and 
lyophllized. The enzyme was further purified using Sephadex G-Ioo and G-I5O columns 
The columns (2 5 cm × IOO cm) were equilibrated with pH 7 5 Trls-HC1 buffer (I 5 M) 
containing 4 raM CaClz 300 mg of crude enzyme were usually dissolved in 4 ml of the 
same buffer and placed on the column_ An elutIon rate of 15 ml per h was used and 
samples of 5 ml were collected. Each  tube was read in a spectrophotometer  at 278 m#  
for protein concentrat ion and then tested for enzymatic  act ivi ty against Azocoll and 
collagen. Samples showing maximal  act ivi ty were placed on a DEAE-Sephadex  A-5o 
column (2 cm × IO cm). Equilibration and elutlon procedures were first conducted 
with pH 7-5 Trls-HC1 (o 05 M) buffer using an NaC1 concentrat ion-gradient  ranging 
from o to 2 5 M In  later experiments, elutlon was achieved with 5 mM TrIs-HC1 
(pH 7-5) buffer followed by  molar l ty  gradients of 0-05 M TrIs-HC1, o 005 M Trls-HC1 
with o I M NaC1, and o 005 M TrIs-HC1 with o 5 M NaC1 All the above buffers con- 
tamed 4 mM CaCI~ Gradients were achieved using a Buchler Varigrad. Only peaks 
tha t  showed one protein band  corresponding to collagenase activity, as determined by  
disc and starch gel electrophoresls, were considered as the isolated enzyme 

Molecular weight estimations were determined by  the ANDREWS 1° method of 
cahbrated  gel filtration, by  measuring diffusion constants in a Neurath  cell at 27 ° 
(glycInate buffer, pH  IO) (ref. 3) and by  noting sedimentation constants in a Spinco 
Model E analytical ultracentrifuge (glyclnate buffer, pH  IO, I = o_I) Densities were 
determined with an Ostwald pycnometer  (pH IO, 25 °, glyclnate buffer) 

The effect of lnhlbltors and the determination of the op t imum pH were done by  
incubat ing the enzyme in the presence of the inhibitory agent or in the buffers and 
using the s tandard  act ivi ty  test for hydrolysis of collagen or by  inclusion of the agent  
or pH  buffer in the reaction mixture.  Tris-HC1 and phosphate buffers were used in 
these studies. There was no detectable difference In act ivi ty for these buffers. 

RESULTS 

Prehmlnary  purification using ammonium sulfate precipitation indicated tha t  
most  of the collagenase act ivi ty was found in the 50% saturated fraction In  the 
stepwase increments of ammonium sulfate, most  of the enzyme was precipitated in the 
30% fraction (Table I) The various fractions were tested for increase in flow rate of 
solubllazed collagen and gelatin, release of a-amino groups from particulate collagen, 
release of dye from Azocoll and digestion of casein. The half-time for increase in flow 
rate for collagen using the 30% fraction was found to be 60 mIn and for gelatin, 1o rain 

Fur ther  purification was achieved using Sephadex column chromatography  On 
a Sephadex G-ioo column the collagenase fraction still contained enzymatic  act ivi ty 
for Azocoll and by  disc electrophoresls gave 4 detectable protein bands_ There was no 
act ivi ty  against casein and no pigments were present in this preparat ion Using Sepha- 
dex G-i5o , the enzyme specific for collagen was separated from the material  active 
against Azocoll and gave one detectable protein band  by disc and gel electrophoresis 
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T A B L E  I 

R E C O V E R Y  OF C O L L A G E N A S E  A C T I V I T Y  F R O M  ( N H I ) 2 S O  + F R A C T I O N A T I O N  OF C U L T U R E  F I L T R A T E  

Percent saturatzon Increase tn Hvdrolvsts Hydrolysis 
w+th (NHa) ~SO 4 flow rate o f  collagen* of A zocoll 

(speczfic (ktmoles/ (Qumts )  
vzscos~ty) 5 mg p,'otezn) 
(,7/,~ °) 

0 - 3 0  2 63 2360 1377 6 
30 4 ° 8 47 35 ° 62 7 
40 -5  ° 12 97 3 l o  4 48 
5 o - 6 o  13 41 24o - -  
6O-lOO 13 13 - -  - -  
V l s c o m t y  con t ro l  14 2 
W h o l e  c u l t u r e  f i l t r a t e  617 o 208 32 

" Co l l agen  c o n c e n t r a t i o n  2 m g / m l  

T A B L E  I I  

P U R I F I C A T I O N  OF C O L L A G E N A S E  U S I N G  ~ E P H A D E X  C O L U M N  C H R O M A T O G R A P H Y  

Assays Hydrolyszs of Hydroh,s~s of 
collagen ° casez n 
( tlmoles /m g (rag/rag 
prote~n ) protezn ) 

Hydrolysis of Hydrolysis of 
casezn w~th AzocoU 
cyste*ne, xo -2 M (Q untts) 
(rag~rag 
prote*n) 

W h o l e  c u l t u r e  f i l t r a t e  198 5 
S e p h a d e x  G - i o o  f r a c t i o n  483 3 
S e p h a d e x  G- I5O f r a c t l o n  15 5 ° o  

3 t 2 41 353 9 
- -  - -  7 2 3 

* Col lagen  c o n c e n t r a t i o n  I m g / m l  

(Table II). This material eluted as a single peak from a DEAE Sephadex A-5o column 
This preparation was active against collagen and gelatin The rate of gelatin hydrolysis 
was approx. IO times greater than for collagen. This preparation was also active against 
Z-glycyl-prolyl-glycyl-glycyl-prolyl-alamne and 4 phenyl-azo-benzyloxycarbonyl- 
L-prolyl-L-leucyl-glycyl-L-prolyl-D-arglnlne (Mann Research Laboratories, New York, 
N.Y ) I t  was not active against casein, casein with cystelne, elastm, hemoglobin or 
Azocoll. 

T A B L E  I I I  

E F F E C T  OF p H  ON C O L L A G E N A G E  A C T I V I T Y  

pH Increase *n Hydrolyszs 
flow rate of collagen* 
(speczfic vzscoszty) (l~moles/mg per h) 
(~l~°J 

5 5 2 39 4 53 
6 5 i 98 8 62 
7 5 i 71 20 12 
8 5 i 27 22 14 
Con t ro l  3 I I 

* Col lagen  I m g / m l  T r l s - H C 1  buf fe r  w i t h  • 5 M CaCI.,  3 o°. 

Brochure Bzophys_ Aeta, i 59  ( I968)  147-152  



STREPTOMYCES COLLAGENASE 151 

TABLE IV 

E F F E C T  O F  I N H I B I T O R S  ON C O L L A G E N A S E  A C T I V I T Y  

Collagen 2 mg/ml Tns HC1 buffer with 1_ 5 M CaCl~, 3 °o 

Inhzbztor* Cystezne Urea p-Chloromer- Iodoacetate E D T A  E D T A  Control 
e~rzbenzoate Ca ~+ 

Specific VlSComty 
(~/7/°) 5 4 5o I o I 3 4-3 I 6 1 o 

" Cysteme o o 5 M, Urea 7 M, p-chloromercurlbenzoate lO -2 M, EDTA (sodium salt) 
IO -4 M, Ca z+ as CaC12 4 raM, lodoacetate io -~ M 

The pH op t imum was found to be a broad range from 7 5 to 8 5 (Table III). The 
act ivi ty  curve could not  be carried out at more acid or alkaline pH values as these 
denature  the substrate  Incubat ion  of enzyme for IO mln in buffer more acid than  
pH 4 5 caused irreversible inact iva t ion  Above this pH, however, no effect was noted_ 

In  the inhibi t ion studies, premcubat lon  of the enzyme in cysteme or urea  
irreversibly inac t iva ted  the enzyme. The inhibi t ion shown by  e thy lened iamine-  
tetraacetlc acid (sodium salt) was reversed by  addit ion of calcium Ions Neither lodo- 
acetate nor  p-chloromercuribenzoate (in glycyl-glyclne buffer) had any  effect on 
ac t iv i ty  The observations are summarized in Table IV 

Wi th  a value for Ve of 124 ml on Sephadex G-Ioo column the est imated molecular 
weight by  the method of ANDREWS 1° was 35 o o o + I o o .  The s20,w was 3 285, the D20 
(In centrifuge) was 8 I -  lO -7 cmz sec -1, and a part ial  specific volume (~) o 731 cm 3- g-1 
From these values a molecular weight of 36 IOO 4-200 was calculated. 

DISCUSSION 

The collagenase from S m a d u r a e  as similar to those Isolated from other bacterial  
species The alkaline pH opt imum,  inhibi t ion by  cysteine and urea and lack of inhi- 
bi t ion by  p-chloromercurlbenzoate and lodoacetate have been reported for the 
clostrldlal enzyme 2 The inhibi t ion by  E D T A  can be reversed by  replacement  of 
calcium The effect of cystelne is considered a metal  sequestering effect since this does 
no t  appear to be sulfhhydryl-containlng enzyme 

Several workers have recently established tha t  2 collagenases are elaborated by  
C. h2stolyticuma,7, n YOSHIDA AND NODA a were able to separate these enzymes and to 
demonst ra te  tha t  they had different a t tack rates and sites on collagen One of the 
enzymes (collagenase II) was almost wi thout  ac t iv i ty  for Azocoll and had a greater 
a t tack  rate on collagen than  the other. The s t reptomycete  collagenase was easily 
separated from all Azocoll ac t iv i ty  and appears to be a single un i t  with a molecular 
weight smaller than  tha t  for collagenases I and I I  of YOSHIDA AND NODA The recent ly 
reported fungal  collagenase z from T.  schoenlem~,  is quite different from the bacterial  
enzymes. The enzyme from T s c h o e n l e m ~  has a pH op t imum of 6 5, is irreversibly 
inhibi ted  by  E D T A  and has a molecular weight of about  20 ooo (ref. 12)_ 

The collagenase from S m a d u r a e  has been showu to have a significant role in 
the pathogenici ty  of the organism 13 In  experimental  infections, mycetoma-l ike lesions 
and skin loss were produced by  inoculat ion of the wild type organism Mutants  unable  
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to  e l a b o r a t e  t h e  e n z y m e  are also av l ru len t .  R e v e r t a n t s  w i t h  co l l agenase  a c t i v i t y  

r e g a i n e d  v i ru l ence  
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