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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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buffer,  p H  8.6, and  up to  2.5 ~1 of the  t e s t  sample  were 
appl ied to the  m e m b r a n e  and  e lec t rophoresed  (20 m i l l  
250 volts).  The m e m b r a n e  was then  placed face down on a 
f ib r in-conta in ing  agar  p la te  and  incuba ted  for 30 rain 
at  37 ~ Dur ing  th is  t ime  mater ia l  f rom the  e lec t rophore t ic  
s tr ip diffuses in to  the  agar. A new cellulose m e m b r a n e  
previously  soaked in a 1 tzg/ml t r yps in  solut ion was 
placed on the  agar and  incuba ted  at  37~ for 10 rain 
(Figure 2). The m e m b r a n e  was removed  and  the  p la te  
incuba ted  at  37 ~  5 h. The a g a r p l a t e w a s p h o t o g r a p h e d  
af ter  r emoving  the  membrane .  The t r yps in  cleared the  
agar b u t  where a t ryps in  inhib i tor  was p resen t  f ibr in  was 
no t  lysed and  the  agar  remained  opaque  (Figure 3). 

Resul ts  of th is  s emi -quan t i t a t i ve  assay for t ryps in  
inh ib i t ion  on several  t issues is l is ted in the  Table.  The 

resul ts  are expressed in an a rb i t r a ry  grading  sys t em of 
1-4 and compared  wi th  s t an d a rd  solut ions of Trasylol  8. 
The ex t rac t s  con ta in  t issue componen t s ,  including en- 
zymes and prote ins ,  which  in terfere  w i t h  the  react ions  
and make  precise q u a n t i t a t i o n  difficult .  I t  is of interest ,  
t h a t  dent in ,  an acellular t issue, has  inh ib i to ry  ac t iv i ty  
thus  sugges t ing  t h a t  the  inh ib i to r  m a y  be extra-cel lular  
in location.  Complete  ex t r ac t ion  of the  t i ssue  pro te inase  
inh ib i to r  requires  sal t  solut ions of r a the r  h igh  molar i ty ,  
pe rhaps  because it is bound  to  some o ther  mater ia l  in 
connect ive  tissues. 

Since p lasmin  is p resen t  in endothel ia l  cells 9, and  
inh ib i ted  by  Trasylol  s, the  d i s t r ibu t ion  of na tu ra l  p ro te in-  
ase inhib i tor  ac t iv i ty  in aort ic  wall was assessed. Bovine 
aor ta  segments  were frozen on a c ryos ta t  w i th  the  i n t ima  
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Fig. 2. ' Sandwich' method for the demonstration of trypsin inbibitory 
activity by microzone electrophoresis. After the sample is electro- 
phoresed, the membrane is placed upsidedown on the surface of an 
agar gel containing fibrinogen for 30 min at 37 ~ The membrane is 
then removed, replaced with a new membrane which has been soaked 
with trypsin, and incubated for 10 min at 37 ~ The membrane is 
then removed and the agar plate incubated at 37~ for 5 h. The 
fibrinogen in the agar is digested and the agar becomes clear except 
where the inhibitor has migrated. 

Fig. 3. A photograph of a 'sandwich' for the detection of trypsin 
inhibitor. The samples were applied at the center of the membrane. 
Sample A) is soybean trypsin inhibitor; B) TrasyloI; and C) cartilage 
extract. Note that the cartilage inhibitor has an electrophoretic 
mobility similar to that of Trasylol, which is also a relatively small 
cationic material. 

8 Trasylol is the trade name for a cationic protease inhibitor 
obtained from beef lung. This materiM was a gift of Doctor 
G. F. B. SC~L,~IAC~ER. 

9 G. A. PADOETT and J. G. HIRSCH, Aust. J. exp. Biol. Med. Sei. 45, 
569 (1967). 
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facing upward  and  serial f rozen sect ions  done. The 
sect ions were inser ted  in to  pre-weighed bot t les  con ta in ing  
3 M OuC1. E a c h  bot t le  con ta ined  100 ~zm of th ickness  of 
the  vascular  wall. Large amoun t s  of p ro te inase  inh ib i to r  
were found  in each of 10 such segments  cut  th rough  the  
th ickness  of the  ar ter ial  wall. Thus,  unlike the  p lasminogen  
ac t iva to r  the  pro te inase  inh ib i to r  appears  to be fairly 
un i formly  d i s t r ibu ted  t h r o u g h  the  aort ic  wall. 

Presence of trypsin inhibitory activity in selected canine connective 
tissnes 

Tissues Trypsin Inhibitory activity in 
supernate of dialyzed extract 

Puhnonary Vein + + + + 
Cornea + + + + 
Aorta + + + + 
Articular cartilage + + + + 
Epiphyseai cartilage + + + 
Knee joint ligament + + + 
Tooth pulp + + + 
Iris + + 
Vena cava + + 
Femoral periosteum + + 
Trachea + + 
Dentin + + 
Foot tendon + + 
Fascia + 
Heart valves + 
Pulmonary artery + 
Sclera + 
Skin -L 
Vitreous hmnor d- 
Lens J= 

Ne i the r  the  re la t ionships  be tween  the  mater ia l  assayed 
here and o ther  t issue cat ionic pro te inase  inhib i tors  nor  the  
s p ec t ru m of enzymes  it inh ib i t s  is known.  However ,  the  
observa t ion  t h a t  a cat ionic pro te inase  inh ib i to r  is widely  
d i s t r ibu ted  in normal  connect ive  t issues is of interest .  
I t  suggests  t h a t  th is  inh ib i to r  m a y  p lay  a role in regula t ing  
the  me tabo l i sm of normal  and diseased connect ive  tissues. 
P re l imina ry  da t a  ind ica te  t h a t  th is  pro te inase  inh ib i to r  
can inh ib i t  t he  pro teo ly t ic  ac t iv i ty  of bu l ly  coats  of 
blood leukocytes .  

We have  recent ly  isolated th is  p ro te inase  inh ib i to r  
f rom cart i lage and aor ta  by  af f in i ty  ch roma tography .  
Current  expe r imen t s  aim at  charac te r iz ing  the  molecule 
and  de t e rmin ing  the  spec t rum of enzymes  which  it inhibi ts .  

Zusammen/assung. E x t r a k t e  versch iedener  Bindege-  
webe wurden  ant  ihre P r o t e a s e h e m m u n g  hin  elektro-  
phore t i sch  un te rsuch t .  Alle Gewebe zeigten ka t ionisch  
wande rnde  Akt iv i t / i t  und ihre Anwesenhe i t  im zellfreien 
Den t in  l~sst den Schluss zu, dass  das Mater ia l  ex t ra-  
zellul~tr lokalisiert  ist. 
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Laminaranase Activity in the Crystalline Style of the Surf Clam (Spissula solidissima) 
The crysta l l ine  style of the  surf clam, Spissula solidis- 

sima, is an ana tomica l  s t ruc tu re  conta in ing  var ious  
enzymes  1 immobi l ized  on a g lycopro te in  subs t ra te .  The 
func t ion  of the  style,  located  in the  s tomach  of bivalvia,  
is to t r i tu ra te ,  wi th  mor t a r  and  pest le- l ike act ion s , 
pa r t i cu la te  d ia tomaceous  and  algal food m a t t e r  while a t  
the  same t ime  in i t ia t ing  enzymic  hydro lys is  of carbo- 
h y d r a t e  po lymers  t h rough  bo th  exo and endo act ion to  
u l t ima te ly  p roduce  glucose as an energy  source. The 
t e r m  'c rys ta l l ine '  is used to  des igna te  the  occurrence of 
calc ium oxala te  crys ta ls  in the  cort ical  layers  of t he  
style 2 which p robab ly  assist  gr inding of the  food. The 

~ 

Laminarabiose 

ent i re  s tyle  m a y  appa ren t l y  dissolve and  d i sappear  under  
adverse  condit ions,  such as i nadequa te  food supply,  only 
to again re form 3. 

We have  ex ami n ed  the  s t o mach  and in tes t ines  for 
various ca rbohydrase  activi t ies,  and p repared  an acetone  
p rec ip i t a t ed  powder ,  yield 0.7%, wi th  the  various carbo-  
hydrase  ac t iv i t ies  shown in the  Table.  Af te rwards  we 
found t h a t  the  style i tself is t he  source of th is  act ivi ty ,  
and could be p repa red  in 10% yield (60% of the  style 
mater ia l  on a d ry  basis), by  t r i t u r a t i ng  the  s tyle  w i th  a 
m i n i m u m  o5 wa te r  in a mo r t a r  and  pestle,  centr i fuging,  
and  p rec ip i t a t ing  wi th  an equal  vo lume of cold acetone  
added  to  the  supe rna t an t .  The ace tone-dr ied  friable, 
whi te  powder ,  (N con ten t  9.5%, glycose con ten t  5.9% 
dry  basis) was ident ical  in t u rn -ove r  n u m b e r  and act ivi t ies  
to  t h a t  shown for t he  previous  mater ia l  in the  Table. 
Be tween  16 and  50 mg glucose can be genera ted  f rom 
l amina ran  by  one g ram of t he  mater ia l  per  min,  and  we 
wish to  announce  t h a t  th is  seems to be the  major  carbo- 
hydrase  ac t iv i ty  of the  style.  

The p r epa ra t i on  is s table  indef in i te ly  a t  0 ~ and is 
w i thou t  loss Of ac t iv i ty  ( turn-over  n u mb er s  de t e rmined  

i G. OwzN, in Physiology o] Molluscs. II (Eds. K. M. WILBUR and 2 j.  C. NELSON, Biol. Bull. 49, 86 (1925). 
C. M[ YOUNGE (Academic Press, New York 1966). 3 M. R. SCH~EZ~, Science 7dd, 413 (1964). 


