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Roles of collagenases and other proteolytic enzymes in the dispersal of animal 
tissues 

Crude or partially purified bacterial collagenase preparations are effective in 
dispersing various animal tissues for culturing 1-5 or metabolic studies 6-s. However, 
the role of collagenase proper in such reactions is obscure, since crude collagenase is 
a mixture of a number of hydrolytic enzymes 9. Furthermore, recent work in several 
laboratories has indicated (cf. ref. io) that  "collagenase", once considered to be a 
single enzyme (clostridiopeptidase A, EC 3.4.4.I9), is actually a mixture of two types 
of several collagenases contaminated by a significant amount of a proteolytic enzyme 
that attacks casein. Recently, I was successfuP ° in separating six collagenases, of 
which three enzymes designated as A-a, B-a, and B-/5 were inactive against casein. 
It was then demonstrated ~0 that undenatured so-called insoluble collagen was digested 
rapidly and completely by a mixture of the purified collagenases A-a and B-a, but  
only very slowly by collagenase A-a alone, and practically not at all by collagenase 
B-a alone. 

Accordingly, effects of "collagenase" on animal tissues were reinvestigated using 
the newly purified collagenases. The results in the present communication indicate 
(a) that  the mixture of the purified collagenases A-a and B-a, unlike the crude prepa- 
ration, did not disperse any rat tissue tested; (b) that the enzymes nevertheless 
solubilized collagen from fresh tissue; and (c) that  a combined action of trypsin 
(and/or chymotrypsin) and the purified collagenases was required to disperse fresh 
rat tail tendon, adipose tissue, and cardiac muscle. 

Collagenases A-a and B-a were purified from a crude collagenase preparation of 
Clostr id ium his to ly t icum as described previously 1°. Crystalline trypsin (EC 3.4.4.4), 
a-chymotrypsin (EC 3.4.4.5), and soybean trypsin inhibitor were purchased from 
Nutritional Biochemicals Co. Fresh tissues were obtained from male rats of the 
Sprague-Dawley strain weighing about 200 g. Protein in tail tendon was dissolved 
in hot I M NaOH (5 min at 95°), and assayed by the method of LOWRY et al. ~1. 
Hydroxyproline was assayed as described by MIYADA AND TAPPEL TM, after hydrolysis 
of the protein (6 M HC1, 18 h). Perfusion of rat heart was carried out as described 
by MORGAN et al. 13. Yields of dispersed cells were estimated from the content of lactate 
dehydrogenase (EC 1.1.1.27) in washed cell preparations as described by TAKEDA 
et al. ~4. 

Preliminary tests indicated that a mixture of the purified collagenases would 
not disperse any rat tissue even including tail tendon which is readily digestible with 
a crude collagenase preparation. However, results of chemical analyses (Fig. i) 
indicated that  the enzymes could solubilize most of the collagen (represented by 
hydroxyproline) in fresh tail tendon, and that the cord-like appearance of the tendon 
was retained by the undigested residue which comprised only about IO% of the total 
protein. This residue, which was not solubilized by the mixture of the purified 
collagenases even after a long (8 h) incubation, was digestible with trypsin. The data 
(Fig. I) also show that, upon treatment of the intact tissue initially with trypsin, 
approx, io% of the protein was released. Again, the cord-like appearance was not 
destroyed, but the tissue treated with trypsin for I h (Fig. I) was then digested 
rapidly and completely by the mixture of the purified collagenases. 
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Fig. I. tLnzymatic digestion of  tendon.  I~resh ra t  tail  t endon  (io mg) was incuba ted  wi th  ei ther  
t ryps in  (I rag) or collagenases (5 ° #g A-a plus ioo #g B-a) in i ml of IO mM veronal  buffer con- 
ta ining o.i  mM CaC12 (pH 8.0) at  37 °. After  the  incubat ion,  insoluble materials  were sed imented  by 
centr i fugat ion,  washed,  and subjected to analyses. Pro te in  was de termined  on samples incubated  
with buffer alone (X), t ryps in  (O), collagenases (©), or t ryps in  followed by  collagenases (©). 
Hydroxypro l ine  was assayed on samples  incuba ted  wi th  t ryps in  (&), collagenase ( ~ ) ,  or t ryps in  
followed by  collagenases (/~). Each  poin t  was the  mean value of  duplicate  exper iments .  

The above results suggested that a tissue dispersible with crude collagenase 
may also be dispersible by using the purified collagenases A-a and B-a in conjunction 
with trypsin. In fact, epididymal adipose tissue, which is readily dispersible with 
crude collagenase 6, was easily dispersed by incubating the tissue with trypsin (and/or 
chymotrypsin) and a mixture of purified collagenases under the conditions described 

Fig. 2. Pho tomic rograph  of fat  cells. The cells were p repared  as described below. Fresh ra t  epidi- 
dymal  adipose t issue (o.i g) was incuba ted  for I h a t  37 ° wi th  t ryps in  (0.5 rag) plus a -chymot ryps in  
(0. 5 rag) in I ml of Krebs -Hense le i t  b icarbonate  buffer (pH 7.4). The par t ia l ly  digested tissue was 
rinsed wi th  buffer containing soybean  t ryps in  inhibi tor  (o.I mg/ml) and a lbumin ( 2 ~ ;  bovine 
serum fract ion V). The r insed tissue was incuba ted  for i h at  37 ° wi th  collagenases (5 ° / zg  A-a 
plus ioo /zg  B-a) in t ml buffer containing a lbumin (2%). The dispersed cells were washed as des- 
cribed by  RODBELL 6. The scale in the  figure represents  o.i  ram. 
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in the legend for Fig. 2. The appearance of free fat cells thus obtained (Fig. 2) was 
identical with that  of the cells dispersed with crude collagenase ". The yield of cells 
was 7o-8o%. 

Using the same combination of enzymes, a well-dispersed cell suspension was 
obtained also from cardiac muscle tissue (Fig. 3). Dispersion of adult rat hearts has 
not been reported previously. The microscopic appearance of the cells (Fig. 3) was 
similar to that  of embryonic chick hearts dispersed with crude collagenase 5, i .e. 
60-80% of the cells were rod-shaped and the rest spherical. The yield of cells was 
20-400/0 . However, most of the cells were completely digested when the perfusion 
medium (see legend for Fig. 3) contained more than i mM CaC12. 

Fig. 3. P h o t o m i c r o g r a p h  of  cardiac  musc le  cells. T h e  ceils were p repa red  as descr ibed below. A 
ra t  h e a r t  was per fused  for 3 ° rain a t  37 ° wi th  t r yps i n  (5 rag) and  a - c h y m o t r y p s i n  (5 mg) in 25 ml 
K r e b s - H e n s e l e i t  b i ca rbona te  buffer  (pH 7.4) con ta in ing  glucose (5 mM) b u t  a ve ry  low concen-  
t r a t i on  of CaClz (IO/~M). The  par t ia l ly  d iges ted  r igh t  ven t r i cu la r  t i ssue  (o.i g) was  cut ,  washed ,  
and  i n c u b a t e d  wi th  col lagenases  as descr ibed above  for adipose t issue,  b u t  in the  presence of 
glucose (5 mM). The  scale in tile figure r ep resen t s  o.I m m .  

As in the case of tail tendon, neither adipose tissue nor cardiac muscle was 
dispersed by  either a mixture of trypsin and chymotrypsin alone or a mixture of the 
purified collagenases alone. Accordingly, it may  be postulated that  the cells in these 
tissues are doubly bound by two types of intercalated proteins, one digestible with 
trypsin (and/or chymotrypsin) and the other with a mixture of the purified collagenases 
A-a and B-a. I t  is suggested that  a matr ix  of the same types of proteins may  also 
exist in pi tui tary rudiment and lung of chick embryos, since SOBEL 2 and GROVER 4 
have reported that  these tissues were dispersible by  the combined action of trypsin 
and partially purified collagenase preparations, which presumably corresponded to 
the afore mentioned clostridiopeptidase A. 

This work was supported by  U.S. Public Health Service Grants ROI  AM o6725- 
o5 and o7462-2 AMP, and carried out with the technical assistance of Mrs. Frances 
W. Barham. I am indebted to Dr. C. R. Park for his helpful discussions and to Dr. 
G. H. Smith for help in the preparation of this paper. 
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Differences between the active and the inhibited conformations of the 
allosteric N-acetylglutamate 5.phosphotransferase 

The catalytic activity of the first enzyme in the arginine pathway of Chlamy- 
domonas reinhardti, ATP :N-acetylglutanlate 5-phosphotransferase is inhibited by the 
end product arginine. As reported, the kinetic relationship between acetylglutamate 
and arginine is competitive, while between ATP and the allosteric modifier it is non- 
competitive. Urea in low concentrations (less than 1.5 M) suppresses the inhibition 
caused by arginine without impairing the catalytic activity of the enzyme 1. 

These data suggest that phosphotransferase has separate binding sites for tile 
substrates and the inhibitor, and has at least two different conformations. One of 
these conformations is catalytically active and binds the substrate acetylglutamate, 
while the other one is inactive, binding the inhibitor arginine. The two functional and 
structural forms of the enzyme are mutually exclusive. 

A sigmoidal kinetic pattern has been found in the inhibition of phosphotrans- 
ferase, indicating that subunit structure plays some role in the allosteric transition 2. 
For this reason the molecular weight of the enzyme has been estimated under different 
circumstances. The estimation is carried out by Sephadex G-2oo gel filtration, 
according to the method of ANDREWS 3. For calibration of the column (50 cm × 2.5 cm 
diameter) fl-galactosidase (EC 3.2.1.23) and crystalline D-glyceraldehyde-3-phosphate 
dehydrogenase (EC 1.2.1.12) are used. Their elution volumes are 9 ° ~ 2 ml and 
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