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Collagenolytic Enzymes and Acid-Proteinase Activity in Granuloma Tissue 

I n f l a m m e d  t issue has  a h i g h  c a t h e p s i n  ac t iv i ty .  A m o n g  
ca theps ins ,  c a theps in  D and  col lagenolyt ic  c a theps in  are 
closely re la ted  w i t h  t he  de s t r uc t i on  of connec t ive  t i ssue  t, 2. 
I t  is a s sumed  t h a t  col lagen f ibres  are f i rs t  a t t a c k e d  b y  ex- 
t r ace l lu la r  n e u t r a l  col lagenase a n d  t he  s u b s e q u e n t  diges- 
t ion  of t he  f r a g m e n t e d  m a t e r i a l  is comple ted  in t race l lu la r -  
ly in  the  d iges t ive  vacuoles  w i t h  ca theps ins  8. Collage- 
no ly t ic  c a t h e p s i n  a lone is able  to  b r e a k  down n a t i v e  
acid-soluble  and  insoluble  col lagen a t  an  acid p H t  An  
i m p o r t a n t  s u b s t r a t e  of c a t h e p s i n  D are g]ycoprote ins  of 
connec t ive  t issue.  Collagen is no t  degraded  b y  th i s  en- 
zyme  5. 

I n  our  inves t iga t ion ,  we s tud ied  t he  ac t i v i t y  of acid 
p ro te inase  (main ly  c a t h e p s i n  D) and  col lagenolyt ic  
c a t h e p s i n  in g r a n u l o m a  t i ssue  of ra ts .  The  g r a n u l o m a  was 
induced  b y  s.c. a d m i n i s t r a t i o n  of t u r p e n t i n e .  Moreover  
we assessed the  pep t idase  ac t ing  on a s y n t h e t i c  col lagenase  
s u b s t r a t e  4 -pheny lazobenzy loxyca rbony l - c -P ro -L-Leu-  
Gly-L-Pro-D-Arg (Pz-pept ide) .  Pz -pep t idase  ac t i v i t y  is 
also closely cor re la ted  w i t h  col lagen d e g r a d a t i o n  and  
m e t a b o l i s m  6, L The  d e v e l o p m e n t  of d i f fe ren t  e n z y m e  
ac t iv i t i es  was  i n v e s t i g a t e d  in re la t ion  to  t he  age of t he  
g ranu loma .  

M a t e r i a l s  and  methods .  G r a n u l o m a  was induced  b y  
s.c. i n j ec t ion  of 0.3 ml  t u r p e n t i n e  in W i s t a r  rats ,  weighing  
140-150 g. The  t i ssue  was r e m o v e d  on  t h e  requ i red  day,  
washed  w i t h  cold isotonic  KC1, b l o t t e d  and  weighed.  A 
h o m o g e n a t e  was p r epa red  b y  in i t i a l ly  g r ind ing  t he  t i ssue  
w i t h  c leaned  sea-sand  in a m o r t a r  and  t h e n  a d d i n g  5 

3 4 

E 

m 
o~ 
o 
ID 

.~ 20 

X 
O 

- r  

0 

6C 

pH dependence of the collagenolytic cathepsin activity. 
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v o l u m e  of cold isotonic  KC1. E a c h  e x t r a c t  was  s t i r red  in 
t he  cold for 2 h. and  t h e n  cen t r i fuged  a t  12,000 • g for 15 
min .  The  Pz -pep t i da se  a c t i v i t y  was i n v e s t i g a t e d  in t he  
ex t r ac t s  cen t r i fuged  add i t i ona l l y  a t  100,000 • g. 

Acid p ro te inase  (ca theps in  D) and  col lagenoly t ic  ca thep-  
s in were assayed  b y  ETHERINGTON'S m e t h o d  4. Acid 
p ro te inase  was d e t e r m i n e d  w i t h  h e m o g l o b i n  (Serva) as a 
s u b s t r a t e  a t  p H  3.5. The  t r i ch lo roace t i c  acid soluble  
t y ros ine  was d e t e r m i n e d  by  t h e  m e t h o d  of HANLEu et  
al. s. 

The  col lagenolyt ic  c a t h e p s i n  was assayed  w i t h  inso luble  
Achil les t e n d o n  col lagen ( W o r t h i n g t o n  Biochemica l  Corp., 
Freehold ,  N.J .  USA) a t  p H  3.5. The  a m o u n t  of degraded  
col lagen was ca lcu la ted  f rom the  c o n c e n t r a t i o n  of hydro -  
xypro l ine  e s t ima ted  b y  STZGEMANN'S m e t h o d  9. 

Pz -pep t idase  a c t i v i t y  was assayed  w i t h  P z - p e p t i d  
(Fluka,  Swi tzer land)  a t  p H  7.4 b y  t h e  m e t h o d  of W/2NSCH 
and  HEIDRICH ~0. The  a c t i v i t y  is expressed  in m u n i t s  (1 
un i t  of e n z y m e  a c t i v i t y  is def ined as t he  q u a n t i t y  r equ i red  
to  l ibe ra te  1 ,amole of t he  p r o d u c t  Pz -P ro -Leu  pe r  min) .  
P r o t e i n  in  t he  e x t r a c t s  was d e t e r m i n e d  b y  t he  m e t h o d  of 
LOWRY et  al. ~ and  bov ine  se rum a l b u m i n  was used as t h e  
s t a n d a r d  

The  p H - a c t i v i t y  cu rve  for t h e  d iges t ion  of insoluble  col- 
lagen was d e t e r m i n e d  us ing  t h e  7-day-old  g r a n u l o m a  tis- 
sue e x t r a c t  w h i c h  was p a r t l y  pur i f i ed  b y  isoelectr ic  preci-  
p i t a t i o n  a t  p H  5 and  d ia lyzed  aga ins t  water .  0.2 M sod ium 
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Relationship of enzyme activities with age of granuloma tissue 

Age of granuloma tissue (days) 

3 7 10 14 23 

Aeid-proteinase activity (cathepsin D) 
(~zg tyrosine/mg protein/h) 

Collagenolytic cathepsin 
([zg hydroxyproline/mg protein/h) 

PZ-peptidase activity 

136.0 ::}- 9.76 169.6 ~ 16.37 473.1 ::t: 30.58 320.8 ::J: 31.92 239.9 ~: 31.5 

7.9 ::t-1.33 11.0 • 1.22 20.9 ::L 1.66 24.1 dc 2.19 17.0 ~ 1.94 

0.44 ::t:: 0.11 0.52 ! 0.05 0.51 i 0.05 0.82 :L 0.12 0.77 ::f: 0.05 

5 animals (2:month-old) were used in each group. Enzyme determinations were made on the tissue from each animal, 3rd-23th day. All the 
results are presented as means, together with confidence limits of the 5 % level ol probability. 
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fo rma te  buffers  c o n t a i n i n g  10 m M  cys te ine  were used 
t h r o u g h o u t .  The  p H  values  were d e t e r m i n e d  f rom dupl i -  
ca te  assay  m i x t u r e s  t h a t  h a d  been  i n c u b a t e d  a t  37 ~ 

Results and discussion. The  p H  d e p e n d e n c e  of t h e  
a c t i v i t y  of co l lagenolyt ic  c a t h e p s i n  is i l l u s t r a t ed  in t h e  
Figure.  A s h a r p  m a x i m u m  of a c t i v i t y  is obse rved  a t  p t I  
3.5. Th i s  r e su l t  is in  keep ing  w i t h  t h e  f i nd ing  of ANDER- 
SON t~, who found  t he  o p t i m u m  a c t i v i t y  nea r  p H  3.5 in r a t  
l iver  ex t rac t ,  and  also w i t h  t he  f ind ings  of ETHERINGTON 4, 
who found  t he  same o p t i m u m  p H  in l iver  e x t r a c t  a n d  in 
e x t r a c t s  f rom t h e  i n v o l u t i n g  u te rus l8  BAZlN an d  
DELAUNAY i n v e s t i g a t e d  col lagenolyf ic  c a t h e p s i n  in 
t u r p e n t i n e  g r a n u l o m a  w i t h  v e r y  labi le  acid soluble  
col lagen as s u b s t r a t e  and  located  m a x i m a l  ac t i v i t y  a t  p H  
4.6, w i t h  smal le r  peaks  a t  p H  3.2 and  5.6. W e  could n o t  
f ind  a n y  a c t i v i t y  a t  p H  4.6 w h e n  us ing  insoluble  col lagen 
as subs t r a t e .  The  col lagenolyt ic  a c t i v i t y  of t h e  g r a n u l o m a  
e x t r a c t s  was s t rong ly  i n h i b i t e d  b y  i o d o a c e t a m i d e  a n d  p- 
ch lo romercu r ibenzoa t e .  

T he  ac t iv i t i e s  of t he  enzymes  i nves t i ga t ed  in r e l a t i on  to 
t he  age of t he  g r a n u l o m a  are s u m m a r i z e d  in the  Table .  
The  a c t i v i t y  of c a t h e p s i n  D r eached  m a x i m u m  values  in  
10-day-old g ranu loma ,  whi le  ac t iv i t i es  of co l lagenolyt ic  
c a t h e p s i n  and  P z -pep t i da se  h a v e  t h e i r  m a x i m u m  in 14- 
day-o ld  g ranu loma .  I t  is i n t e r e s t i ng  t h a t  b o t h  Pz-pep t i -  
dase a n d  col lagenolyt ic  ca theps in ,  wh ich  are  closely 
cor re la ted  w i t h  t he  d e g r a d a t i o n  of collagen,  r each  t h e i r  
m a x i m u m  a t  t h e  same  t ime.  

The col lagen c o n c e n t r a t i o n  in t u r p e n t i n e  g r a n u l o m a  
decl ines s lowly a f t e r  7 days,  wh ich  is associa ted  w i t h  t he  
a b s o r b t i o n  of t h e  g r a n u l o m a  t i ssue  ~. I t  is p r o b a b l e  t h a t  
h i g h  ac t iv i t i e s  of co l lagenolyt ic  enzymes  in th i s  s tage  
ref lect  t h e  increased  d e g r a d a t i o n  of t h e  col lagen compo-  
n e n t  of g r a n u l o m a  t issue.  

Zusammen/assung.  Die K a t h e p s i n  D-Ak t iv i t / i t  des 
ko l lagenoly t i schen  K a t h e p s i n s  u n d  der  P z - P e p t i d a s e  wur-  
den  w~ihrend der  B i l d u n g  des mi t t e l s  s.c. I n j e k t i o n  yon  
T e r p e n t i n o l  h e r v o r g e r u f e n e n  G r a n u l o m s  bet  R a t t e n  ver-  
folgt.  Die Bia theps in  D -A k t i v i t / i t  e r re ich te  a m  10.Tag 
ih ren  H 6 h e p u n k t ,  diej enige des ko l l ageno ly t i schen  K a t h e p -  
sins u n d  der  P z - P e p t i d a s e  ers t  a m  14. Tag.  In  dieser  P h a s e  
is t  die K o l l a g e n k o n z e n t r a t i o n  he rabgese tz t ,  w~ihrend sich 
eine ausgeprgg te  R e s o r p t i o n  des G r a n u l o m s  zeigt. 
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Proteinase Inhibitor Activity in Connective Tissues 

M a n y  p ro te inase  i n h i b i t o r s  h a v e  now been  iden t i f i ed  
in t i ssues  a n d  b o d y  f luids of m a n y  speciesL N a t u r a l l y  
occur r ing  p ro t e inase  i n h i b i t o r s  genera l ly  are po lypep t ides  
or g lycopro te ins  of v a r y i n g  molecu la r  we igh ts  and  can  be 
an ionic  or cat ionic.  I n  man ,  a t  leas t  7 p ro t e inase  i n h i b i t o r s  
h a v e  been  found  in blood~. W e  h a v e  recen t ly  obse rved  
t h a t  ca r t i l age  con t a in s  a ca t ion ic  t r y p s i n  i n h i b i t o r  8, an d  
now r e p o r t  t h a t  o the r  connec t ive  t i ssues  c o n t a i n  a s imi la r  
i nh ib i to r .  

T he  m e t h o d  for t he  d e m o n s t r a t i o n  of t h e  t r y p s i n  
i n h i b i t o r  was  as fol lows:  weighed  a l iquo t s  of f resh  d iced  
t i ssue  were s t i r red  in a r a t io  of 1:10 (w/v) o v e r n i g h t  a t  
r oom t e m p e r a t u r e  in  3 M g u a n i d i n i u m  chlor ide  (GuC1) 
buf fe red  w i t h  0.02 M N - m o r p h o l i n o e t h a n e  sulfonic acid, 
p H  6. The  e x t r a c t  was  decan ted ,  d ia lyzed  aga ins t  de- 
ionized water ,  a n d  a n y  p rec ip i t a t e  w h i c h  fo rmed  was 

r e m o v e d  b y  cen t r i fuga t ion .  The  clear  s u p e r n a t e  was 
lyophi l ized  an d  redissolved in dis t i l led  w a t e r  to  a v o l u m e  
1/10th  t h a t  of t h e  or ig ina l  e x t r a c t  a n d  used to  assay  for 
t h e  presence  of t r y p s i n  inh ib i to r .  P l a t e s  c o n t a i n i n g  
d e n a t u r e d  f ib r inogen  dissolved in aga r  yie ld  a c loudy  
semi -opaque  gel w h e n  t h e  aga r  solidifies. I f  t r y p s i n  is 
p laced  in to  a well in  t h e  gel, i t  diffuses in to  t h e  agar,  
digests  t h e  f ibr inogen,  an d  leaves  a clear  zone whose  
rad ius  is e x p o n e n t i a l l y  r e l a t ed  to  t h e  t r y p s i n  concen t r a -  
t ion  ~. I f  a so lu t ion  c o n t a i n i n g  a t r y p s i n  i n h i b i t o r  is 
p laced  in to  wells oppos i te  t hose  c o n t a i n i n g  t r y p s i n  t h e  
i n h i b i t o r  also diffuses in to  t h e  agar.  A t  t h e  in te r face  
b e t w een  e n z y m e  an d  i n h i b i t o r  t h e  c i rcular  r ing  of c lear ing 
is i n t e r r u p t e d  a n d  a s t r a igh t  l ine of i n h i b i t i o n  forms  5. 

10 al  of a 40 vg /ml  t r y p s i n  so lu t ion  were p laced  in to  
one well a n d  10 ~zl of t h e  t e s t  sample  in to  oppos i te  wells 
to  t e s t  for  t r y p s i n  i n h i b i t i o n  (Figure  1). Th i s  m e t h o d  gives 
a s e m i - q u a n t i t a t i v e  e s t i m a t i o n  of i n h i b i t o r y  ac t iv i ty .  

To d e t e r m i n e  re la t ive  charge,  a n  e lec t rophore t i e  
s andwich  t e c h n i q u e  s imi la r  to  t h a t  descr ibed  for t he  
de t ec t i on  of smal l  a m o u n t s  of lysozyme was used ~,2. A 
cellulose ace t a t e  m e m b r a n e  was soaked  in  b a r b i t a l  

Fig. 1. Agar diffusion method for the detection of trypsin inhibitor. 
The central row of wells contains trypsin (40 ~.g/ini). Well a) contains 
0.15 M NaC1; well b) dialyzed epiphyseal cartilage extract; weli c) 
dialyzed (concentrated 1:10) epiphyseal cartilage extract; well d) 
dialyzed (concentrated 1:10) articular cartilage extract; well e) 
dialyzed (concentrated 1:10) aorta extract; wells f) to j) Trasylol s 
solutions containing 1, 5, 25, 100 and 250 ~g/mI respectively. In the 
Table an inhibitory activity equivalent to that of 100 to 250 ~g/ml 
Trasylol was designated as + + + + and on inhibitory activity 
equivalent to that of 5 to 25 tzg/mI Trasylol was designated as + + + .  
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